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TO   THE   RIGHT   HONOURABLE 


FREDERICK  JOHN  ROBINSON,  VISCOUNT  GODERICH. 


My  Lord, 

Thb  various  wants  of  society  are  supplied  by  the  daUy  operations  of  homan  industry ;  but  with  the 
increase  of  society  those  wants  accumulate,  and  ingenuity  is  then  compelled  to  exert  itself,  to  abridge 
manual  labour,  and  render  it  more  productive.  Yet  how  many  germs  of  invention  blossomed  before 
Ixmdon  was  illumined  by  gas,  or  the  vast  Atlantic  was  navigated  by  a  steam  vessel  ?  Three  hundred 
years  ago,  the  diligence  of  the  press  began  to  multiply  the  erudition  of  the  ancients :  this  mighty  engine 
has  rolled  on  the  tide  of  discovery  in  a  rapid  and  majestic  stream ;  the  age  of  science  has  succeeded  the 
age  of  literature ;  and  a  rational  philosophy  has  invested  our  species  with  a  full  blaxe  of  intellectual  glory. 
Mankind  now  universally  acknowledge,  that  we  are  indebted  for  many  of  the  comforts,  enjo3rments,  and 
delicacies  of  civilized  life,  to  the  prodigious  improvement  and  extension  of  scientific  pursuits,  since  the 
genius  of  observation  and  experiment  dawned  upon  European  society.  Among  the  sciences  which  have 
contributed  to  furnish  these  comforts,  there  is  none  that  ranks  higher  thsm  Mechanics,  for  it  is  indisputable 
that  several  popular  sciences  are  but  handmaids  to  this ;  and  if  we  look  around  us  at  all  the  stupendous 
undertakings  going  on  in  the  world,  we  shall  find  them  moved  by  machinery,  or  constructed  by  means  of 
artificers,  whose  operations  proceed  entirely  upon  mechanical  principles. 

A  Dictionary  of  Mechanical  Science  necessarily  includes  definitions  and  illustrations  of  numerous 

peculiar  words  and  terms  of  expression  found  only  in  the  works  of  those  authors  who  have  written  on  the 

Afathematical  Sciences.    To  furnish  precise  ideas,  and  yet  brief  explanations,  of  all  such  words  and  terms, 

i^  the  province  of  a  Dictionary.     But  the  present  work  embraces  also  the  Arts,  Manufactures,  and  various 

SQbjects  of  domestic  economy  adapted  to  the  purposes  of  common  life,  and  of  course  includes  definitions 

^od  illustrations  of  numerous  terms    and  principles  scattered  over  the  circle  of  Arts  and  Sciences, 

^o^ther  with  such  other  information  as  was  deemed  instructive,  and  subservient  to  a  work  of  such 

'^^Urersal  reference. 

Hence  it  will  also  be  found,  that  all  theoretical  subjects  are  handled  with  brevity,  while  those  which  are 
I^t^ctical,  and  applicable  to  the  purposes  of  ordinary  life,  have  been  dwelt  upon  at  length,  and  their 
^^lations  and  dependencies  fully  described  and  illustrated  by  appropriate  Engravings  ;  thus  afibrding  ocular 

well  as  intellectual  proof  of  the  topics  introduced  to  the  reader's  notice.    And  with  the  explanatory 

tter  are  introduced  such  historical  facts  and  biographical  notices  as  were  conducive  to  the  nature  and 
sign  of  the  work.    But  while  new  principles  and  new  subjects  of  investigation  can  hardly  be  expected 

a  Tolume,  the  professed  object  of  which  is  to  detail  the  discoveries  and  improvements  of  preceding 
^^ters ;  the  most  recent  and  original  views  in  Science  and  Art,  the  result  of  modem  experiments,  and 
^^ventions  and  discoveries  that  are  but  of  yesterday,  obtain  a  place  in  this  woik ;  yet  no  novelty  has  been 
Admitted  here  at  the  expense  of  simplicity,  perspicuity,  and  truth. 


L 


2 

In  describing  the  Construction  of  Machines^  and  explaining  their  various  uses,  conciseness  of  expres- 
sion will  be  no  less  evident  than  the  introduction  of  familiar  words,  where  their  appearance  tells  all  that 
was  said  by  the  pompous  derivatives  which  too  often  obscure  scientific  writings.  The  principle  of  selec- 
tion expressed  in  the  title  of  the  work,  has  afforded  me  ample  space  for  many  new  articles  of  useful 
ful  information  in  the  Arts,  which  have  hitherto  been  overlooked,  or  confined  to  voluminous  and  expensive 
publications.  In  a  word,  condensation  of  matter,  and  abridged  descriptions,  accompanied  by  intelligible 
Drawings,  are  the  principles  on  which  this  work  is  constructed.  Obsolete  theories  have  been  entirely 
omitted,  and  conflicting  opinions  disregarded,  in  order  to  present  the  reader  with  a  Dictionary  of  subjects 
and  ideas,  rather  than  of  words,  and  shreds  of  obscure  biography. 

It  was  impossible,  however,  to  avoid  all  theory,  especially  in  some  parts  of  the  mixed  sciences ;  yet 
I  am  not  conscious  of  having  adopted  the  opinions  of  empyrics,  or  the  doctrines  of  system  makers. 
I  have  tried  to  follow  truth  in  method,  and  to  present  my  readers  with  a  well-digested  compendium  of 
human  knowledge,  alphabetically  arranged,  and  exhibiting  science  in  a  form  that  is  indispensable  to 
those  who  have  little  leisure  for  abstruse  study,  or  have  served  no  apprenticeship  in  thinking  metho- 
dically. The  education  of  the  understanding,  by  awakening  the  method  of  self-development,  was  the 
object  of  the  great  Plato ;  it  has  been  mine,  without  the  vanity  of  comparison,  while  I  introduced  my 
readers  to  such  relations  and  circumstances  as  might  gradually  inspire  new  sources  of  intellectual 
delight,  to  replenish  their  minds  with  the  various  sorts  of  knowledge  most  congenial  to  their  pursuits 
in  the  difierent  departments  of  Mechanical  Science. 

I  have  endeavoured,  my  Lord,  to  make  my  work  useful  rather  than  shining,  and,  from  beginning  to 
end,  I  have  thence  remembered  that  I  was  collecting  information  for  the  great  body  of  the  British  Nation, 
who,  by  the  "  daily  operations  of  human  industry,"  are  employed  in  providing  for  the  wants  of  an 
artificial  state  of  society.  But  there  is  a  point  at  which  the  labours  of  every  individual  must  stop,  and 
he  can  then  only  look  with  surprise  at  the  numerous  temptations  which  excessive  wealth  holds  out  to 
needy  genius  in  creating  fresh  wants,  and  thus  reciprocally  alluring  pampered  luxury  to  riot  in  new  and 
untried  enjoyments.  Such,  indeed,  is  civilized  society  in  Great  Britain ;  and  there  is  no  man  who  knows 
better  the  multiplicity  and  variety  of  its  operations  and  wants  than  your  Lordship,  nor  one  who  has  more 
laboriously  striven  to  alleviate  the  hard  condition  of  the  poor^  and  augment  the  comforts  of  the  rich. 
It  is,  therefore,  a  source  of  much  pleasure  to  me  that  my  labours  are  honoured  with  the  Permission  of 
being  dedicated  to  a  Nobleman  who  has  so  deservedly  won  the  applause  of  the  first  nation  upon  eartli. 


I  have  the  honour  to  be. 

My  Lord, 

Your  Lordship's  obedient  and  humble  Servant, 
Wykb  Housb, 
SioN  Hill,  Middlesex,  ALEXANDER  JAMIESON. 

Sept.  5th,  1SZ7. 
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INTRODUCTION. 


SciiKCB  first  iihed  her  ge&ial  beams  in  the  cheerfiil 
climes  of  the  East ;  there^  to  use  a  homely  phrase, 
ber  cradle  was  first  rocked,  and  the  cmriosity  of  mai 
wu  first  awakened  by  the  changes  incessantly 
ptsfing  aronnd  them ;  but  experience  soon  prored 
tbe  cwistancy  and  regularity  of  this  varied  specta- 
cle; and  the  rast  morements  of  this  stupendous 
•ad  magnificent  umrerse  were  all  found  to  consist 
■erely  in  a  repetition  of  similar  and  uniform 
ermts. 

The  unfettered  genius  rnvestigated  physical  facts 
by  observation  and  experiment;  observation  ex- 
tamed  the  phenomena  which  arose  in  the  course  of 
iitiire;  experiment,  more  artificial  in  its  selection 
tod  combination  of  circumstances,  searched  minutely 
tAer  the  different  results  of  those  phenomena. 

But  there  arose,  through  the  ignorance  and  fears 
of  mankind,  a  priesthood  that  inculcated  the  adora- 
tkm  of  numberless  divinities,  and,  proscribing  the 
ftttge  of  obserration,  broke  in  pieces  the  implements 
wMi  which  experiment  had  been  exploring  the 
•eciets  of  nature.  Hence  the  wise  men  of  antiquity 
WBcealed  their  notions  of  science  under  the  veil  of 
tUeg ory.  This  was  the  natural  result  of  knowledge 
passing  from  the  lips  of  unshackled  genius  to  those  of 
t  fioomy  priesthood,  who  employed  it  merely  as  an 
ffkint  of  power,  and  thus  consimed  the  discoveries 
<>f  happier  times  to  the  silence  of  despotism,  and  the 
diee riess  tomb  of  superstition. 

The  two  great  streams  of  knowledge  were  thus 
•oon  separated  widely  apart, — and  they  continued  to 
few  through  very  opposite  channels.  That  which 
hd  pure  intellection  for  its  object,  and  which  con- 
bed  itself  to  morals  and  ethics,  soon  became  foul 
•rf  disagreeable,  as,  enveloped  in  the  fog  of  super- 
stition, it  traversed  the  filthy  soil  of  despotism ;— the 


other,  which  moved  through  the  region  of 
science,  preserved  its  purity  and  stSnbrity.  Hence, 
while  the  miserable  sophisms  and  arcana  of  intellec- 
tual philosophy,  among  the  ancients,  have  remained 
the  same  for  9000  years ;  their  geometry,  and  some 
branches  of  physical  science,  have,  in  modem  times, 
been  carried  to  a  sublime  elevation. 

From  the  East,  science  travelled  slowly  into  the 
early  civilized  nations  and  states  of  Europe.  Greece 
first  gleaned  instruction  in  the  seats  of  Asiatic 
renown,  and,  as  the  tutor  of  European  society,  she 
will  be  immortalized  as  having  conferred  ctema^ 
benefits  on  the  human  race. 

Thalbs,  after  many  years  spent  in  foreign  travel, 
transplanted  into  Greece  the  science  of  the  Egyptian 
priests;  and  his  successors,  Anaximander  and 
Anaximbnes,  pretended  to  explain  the  origin  and 
formation  of  all  things,  and  taught,  that  every  sub- 
stance whatever  was  composed  of  four  distinct  cle 
ments — earth,  water,  air,  and  fire. 

It  was  a  mere  speculation,  flattering  to  human 
vanity,  that  contemplated  the  stars  consisting  of 
fire,  and  the  vital  spark  as  a  portion  of  its  divine 
essence.  Though  we  smile  at  these  fantastic  notions, 
they  were  as  firmly  believed  in  former  ages  by  the 
learned  as  by  the  common  people. 

Anaxagoras,  under  the  priests  of  Egypt  and  the 
Magi  of  Persia,  acquired  both  elegance  and  learning. 

Pythagoras,  endowed  by  nature's  choicest  gifts, 
after  thirty  years'  study  in  the  East,  settled  in  Italy, 
and  strenuously  urged  the  study  of  mathematics, 
especially  those  concerned  about  number  and  pro- 
portion. This  love  of  numerical  relations  led  him  to 
cultivate  music  both  as  an  art  and  a  science,  and 
he  even  transferred  his  ideas  of  this  science  to  the 
hfirmony  of  the  celestial  motions.    This   was   no 
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error  of  Pythagoras ;  he  could  only  teach  the  people 
in  the  temples  and  other  public  places^  and  to  them 
he  imparted  the  true  system  of  the  universe,  under 
that  noble  allegory  of  Apollo  playing  on  his  lyre. 
To  his  chosen  disciples  those  recondite  principles  of 
astronomical  science  were  taught  with  mathematical 
precision ;  but  both  master  and  pupils  affected  to 
believe,  that  those  bodies,  while  they  revolved  round 
the  sun  as  the  common  centre  of  the  universe,  per- 
formed a  most  harmonious  concert,  though  such 
ravishing  and  heavenly  sounds  were  lost  to  the  gross 
ears  of  mortals,  and  drowned  amidst  the-jaring 
elements  on  earth. 

Empbdocles,  the  Sicilian,  and  successor  of 
Pythagoras,  conceived  the  doctrine  of  atomic  attrac* 
tion  and  repulsion.  Xbnophanes  distinguished 
himself  as  the  prince  of  geol(^ists,  by  teaching  that 
the  fossil  shells  and  marine  exuviae,  discovered  in 
ibe  bowels  of  the  earth,  and  on  the  tops  of  the 
highest  mountains,  had,  at  some  remote  period,  been 
formed  under  the  waters  of  the  ocean.  Lrucippus, 
of  the  same  school,  added  the  doctrine  of  a  separate 
plenum,  and  anticipated  the  influence  of  centrifugal 
force.  Dbmocritus,  after  visiting  the  East,  and 
consulting  the  Magi  of  Hindostan,  rectified  many  of 
the  prevailing  errors  in  physics.  He  shewed,  that 
the .  existence  of  a  plenum  was  incompatible  with 
local  motion;  he  rejected  the  levity  attributed  to 
the  air  and  fire,  and  maintained  that  the  weight  of 
bodies  is  always  proportioned  to  their  mass  or 
quantity  of  matter,  and  that  they  would  hence  fall  in 
vacuo  with  equal  swiftness.  Of  light  and  heat  he 
entertained  correct  general  views ;  and  all  his  tenets 
are  expounded  by  Lucretius. 

S0CRATK8,  next  in  order,  diffused  among  the 
Athenian  youth  a  more  solid  system  of  education, 
by  commending  only  that  philosophy  which  is 
grounded  on  fact  and  experiment.  The  unmeasured 
contempt  which  the  sage  poured  on  hypocrisy  and 
pretension,  roused  the  jealousy  and  rage  of  his  ene- 
mies ;  and  the  venerable  man  fell  a  martyr  to  the 
cause  of  truth,  his  love  of  virtue,  and  his  devotion 
to  wisdom. 

Plato,  shocked  at  the  murder  of  his  revered 
master,  withdrew  from  the  polluted  city ;  and  after 
visiting  the  Pythagoreans  at  Tarentum,  and  learning 
the  whole  system  of  the  Italic  school,  next  placed 
himself  under  the  tuition  of  Theodorus,  the  emi- 
nent mathematician  of  Cjrene,  in  Libya.  On  his 
return  to  Greece,  he  purchased  the  grove  of  Acade- 
mus,  in  the  neighbourhood  of  Athens,  and  the  youth 
of  Greece  flocked  from  all  parts  to  study  the  beauti- 
ful method  of  geometrical  analysis,  which  extended 
the  boundaries  of  science,  and  led  to  the  discovery  of 


conic  sections, — a  doctrine  which,  in  more  recen 
times,  taught  Galilbo  the  laws  of  motion,  am 
Kbpler  the  true  orbits  of  the  planets. 

Stagira,  a  small  town  on  the  confines  of  Thrao 
and  Macedon,  gave  birth  to  Ari^totlb  880  year 
before  the  age  of  Augustus.  The  authority  of  th< 
Stagiran  long  maintained  a  despotic  sway  in  Urn 
schools.  Aristotle  was  tutor  to  Alexander  the  Greal 
and  no  philosopher  has  taken  a  wider  range  o 
disquisition,  none  ever  discovered  a  greater  60und 
ness  of  judgment,  or  more  precision  of  thought.'  H< 
was  the  founder  of  comparatiye  anatomy,  and  tb( 
divisions  he  introduced  are  still  the  best  that  oouh 
be  made*  His  meteorology  sparkles  with  fine  re 
marks  and  just  conclusions.  His  physics  contaii 
interesting  doctrines,  mixed  up  vrith  idle  and  extra 
vagant  speculations.  But  the  mind  of  AristofI 
was  drawn  aside  by  the  love  of  subtlety,  and  di 
illusion  of  general  hjrpothesis,  from  the  strfet  investi 
gation  of  facts. 

In  the  museum  of  Alexandria  in  Egypt,  Ptolbmy 
to  whose  lot  this  country  fell  on  the  premature  deatl 
of  Alexander,  established  men  of  science,  and  pre 
vided  them  with  books  and  instruments  for  the  jnrosc 
cution  of  their  studies.  The  munificence  of  hi 
successors  aggrandhsed  the  institution  by  a  vm 
library  and  royal  observatory,  which  for  900  yeea 
conferred  incalculable  benefits  on  mankind.  Then 
EuoLiD  digested  the  elements  of  geometry,  whic 
remain  to  our  times:  there,  Apollo NiU8,PAPPUf 
DiocLBS,  and  Nicombdbs,  extended  the  conic  sec 
tions, and  improved  geometrical. analysis;  and  there 
too,  DioPHANTUS  flourished. 

Navigation  extended  the  knowledge  of  mankin 
respecting  the  surface  of  the  globe ;  and  the  Greciai 
colony  at  Marseilles  had  the  merit  of  fitting  out  th 
first  voyage  of  discovery,  though  Phoenicians  wen 
without  doubt,  the  earliest  navigators  that  passe 
the  pillars  of  Hercules.  Euthymbnbs  crossed  th 
equator,  Pythias  discovered  the  remote  Thuli  ;  fa 
noticed  the  phenomena  of  the  tides,  and  determine 
the  obliquity  of  the  ecliptic  at  23^  48^.  But  on 
reverence  for  the  knowledge  of  Pythias  is  modifie 
by  the  fact,  that  700  years  before  the  age  of  Juliu 
Caesar,  the  Babylonians  recorded  eclipses  of  th 
moon,  an  event  in  science  that  is  marked  by  Hipp  A  r 
CHUS  and  Ptolemy.  And  the  Indians,  from  whoi 
Pythagoras  derived  his  knowledge,  have  two  princi 
pal  epochs,  one  about  3000,  and  the  other  1500  y^ar 
before  the  Christian  aera.  Hipparchus  flourishoi 
140  years  before  our  aera ;  and  was  contemporar 
with  Ptolemy  the  geographer. 

In  the  circle  of  mechanical  science  we  are  com 
pelled,  by  the  nature  oi  our  Introduction,  to  range 
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must,  therefore,  notice  next  in  order  of  time  and 
.(eniiu,  the  illostrioas  Archimbdbs,  of  Syracuse  in 
2$icil>%  who  gave  unlimited  extent  to  the  rotation  of 
JDaBberSy  and  foanded  the  method  of  indivisibles, 
'vhich  led  to  the  finest  discoveries  in  geometry.     In 
■cchanics  and  hydrostatics  he  had  no  rival :  he 
pointed  oat  the  centre  of  gravity,  and  determined  its 
pooition  in  a  number  of  figures ;  he  unfolded  the  pro- 
perties of  floating  bodies,  and  thas  became  the  father 
of  naval  architecture.    The  vast  engines  which  he 
oonstntcted  for  the  defence  of  the  city  of  S^nrncase, 
taabled  bis  countrymen  for  three  years  to  resist  the 
overwhdming  force  of  the  Romans. 

Of  the  Alexandrian  school  many  philosophers 
applied  themselves  to  mechanics,  as  Ctbsbbius,  who 
improved  the  clepsydra,  invented  the  pnmp,  and  con- 
itnicted  an  engine  for  discharging  arrows  by  means 
4if  coadensed  air ;  and  Uiero  not  only  constructed  the 
cruie»  but  invented  machines  which  acted  from  the 
variable  elasticity  of  included  air,  as  aflected  by 
beat  and  cold ;  a  principle  which  afterwards  led 
Galileo  and  Sanctorio  to  the  construction  of  thermo- 
netersy  and  the  Marquis  of  Worcester  to  the  con- 
trivaoco  of  the  steam-engine. 

We  look  with  measured  contempt  upon  the  Ro- 

maas  as  regards  science,  whether  in  a  theoretical  or  a 

pnctical  point  of  view.    Their  studies  and  learning 

aeie  altogether  to  form  statesmen  or  orators.    They 

iivented  nothing ;  tho  lever,  the  pulley,  the  crane, 

tbe  capstan,  and  other  simple  machines,  were  em- 

plojed  by  the  ancient  architects  a  thousand  years 

Ubie  Rome  had  existence.     The   catapultsc  and 

ballutae,  those  compound  mechanical  engines  of  the 

BoattAS,  exhibit  amazing  knowledge  of  machinery ; 

bat  these  or  similar  engines  were  common  to  the 

Greeks  also ;  and  we  know  that  for  ages  the  people 

of  Italy  ground  their  com  in  hand-mUls,  with  a  fixed 

umI  moveable  millstone.    The  art  of  naval  architec- 

tire  they  learned  from  the  Carthaginians ;  and  in  the 

deitmction  and  annihilation  of  their  once  flourishing 

capire,  they  have  amply  shewn  how  completely 

dcstitate  they  were  of  those  great  and  noble  quali- 

ications  which  distinguished  their  tutors  the  Greeks. 

The  Arabians,  who  studied  geometry  and  astro- 

iQBy,  botany   and    chemistry,  stored  the  palaces 

ttd  libmries  of  their  caliphs  with  tho  scicnc4^  of  the 

Greeks,  which  they  translated  into  their  own  laii- 

HM^*    About  the  tenth  century  of  our  a*ra,  the  use 

of  the  ten  dipts  in  arithmetic  was  introduced  by  the 

Arabians  into  Spain.    As  chemists,  tho  followers  of 

Ike  Prophet  brewed  and  distilled,  and  even  the  very 

aames  of  our  chemical  vessels  are  Arabic ;  but  of 

(iiewing  and  distillation,  we  know  not  that  cither  the 

Greeks  or  the  Romaiu  knew  any  thing. 


From  the  beginning  of  Constantinople,  which  rose 
like  the  work  of  a  fairy  genius,  tilt  tlie  period  when 
the  Arabians  spread  the  elements  of  science  ovei 
Europe,  tho  wrecks  of  knowledge  lay  buried  in  the 
convents ;  mental  darkness  brooded  over  the  fairest 
lands  of  Christendom,  and  the  more  active  spirits 
wasted  their  energies  in  brutal  sports  and  savage 
depredations. 

The  Crusades  opened  the  gates  of  refinement, 
and  from  the  twelfth  to  the  fonrteenth  century  the 
chains  of  feudal  tyranny  were  gradually  broken ; 
the  middle  class  of  men,  that  great  bulwark  of  every 
free  state,  insensibly  rose ;  and  with  the  renovation 
of  the  human  intellect,  even  in  the  benighted  period 
of  the  middle  ages,  paper  was  manufactured 
from  linen  rags — the  eyes  of  the  opfcd  were  assisted 
by  the  invention  of  spectacles  about  the  year  138iS-*- 
and  the  construction  of  tho  mariner*s  compass  having 
been  made  about  the  close  of  the  thirteenth  century, 
at  Amalphia  near  Genoa,  gave  a  prodigious  impulse 
to  navigation  and  commercial  speculation.  S  wartis, 
a  tierman  monk,  in  13B2,  extended  the  empire  of 
man  over  nature,  by  the  invention  of  gunpowder. 
About  the  beginning  of  tho  fifteenth  century,  the  in- 
genuity and  perseverance  of  Guttenberg  and  Schcef- 
fer,  encouraged  by  the  wealth  of  Faust,  a  rich  l)ur- 
gess  of  Mentx,  conferred  upon  mankind  the  art  of 
Printing,  the  greatest  benefit  ever  bequeathed  on 
the  human  species,  except  that  of  speech  or  writing. 
In  thirty  years  after  its  first  discovery,  the  art  of 
Printing  was  carried  to  a  pitch  which  has  never  been 
surpassed. 

ScHOBFPBR,  the  oldest  engraver  also  on  wood,  exe- 
cuted in  1491  a  scries  of  figures  of  plants  and  ani. 
mals  on  wooden  blocks.  The  clergy  wore  now  anx- 
ious to  promote  learning,  as  the  only  means  of 
enriching  themselves,  and  schools  were  accordingly 
opened  in  the  convents  and  monasteries  for  the  edu- 
cation of  youth.  In  process  of  time,  papal  bulls 
elevated  these  schools  to  universities ;  and  an  ap- 
prenticeship of  seven  years,  copicni  after^vards  in  the 
mechanical  trades,  completed  the  course  of  education, 
and  made  the  students  masters  of  Aristotle's  tenets. 

CoPBRNicus  restored  tho  true  system  of  the 
world;  PuRBAcH  and  M'Ollbr  abridged  astrono- 
mical calculations ;  Ubaldi  and  Strvinus  extend- 
ed the  principles  of  mechanics  and  hydrostatics  ; 
Galilbo  discovered  the  laws  of  motion  ;  Kbplbh 
and  Tyciio  Uraiik  were  men  of  the  first  order  of 
genius  as  astronomers.  And  N API  br  immortalized 
his  name  by  the  sublimo  discovery  of  logarithms. 

The  alchymists,  though  extravagant  in  their  pre- 
tensions, promoted  experimental  science,  and  the 
various  societies  that  were  established  over  Italy 
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Abacus,  a  table  of  numbers  ready  cast  up,  and  used  by 
the  modems,  to  expedite  the  operations  of  arithmetic. 

The  Grecian  Abacus  was  an  oblon§^  frame,  over  which  several 
wires  or  threads  were  stretched,  strun§^  with  ivory  balls,  like 
the  beads  of  a  necklace ;  by  the  various  distributions  of  which, 
all  the  operations  of  addition,  subtraction,  multiplication,  and 
division,  were  mechanically  performed. 

The  Roman  Abacus  differed  from  the  above,  by  having  pins 
sliding  in  grooves,  instead  of  strings  or  wires,  and  beads. 

The  Chinese  Abacus  corresponds  with  the  Grecian. 

The  Abacus  Pythagoricus,  is  the  common  multiplication 
table :  the  Abacvs  Logisticus,  or  canon  of  sexagesimals,  is  a 
rectangled  triangle,  whose  sides  forming  the  right  angle,  con- 
tain the  numbers  from  1  to  60 ;  and  its  area  the  result  of  each 
two  of  the  nnmbers  perpendicularly  opposite.  The  Abacus 
Harmonicus  of  Kircher,  denotes  the  structure  and  disposition 
of  the  keys  of  a  musical  instrument.  And  the  Abacus  Major 
in  metallurg^c  operations,  is  the  name  of  a  trough  used  in  the 
mines  for  washing  ore. 

ABAFT,  a  Sea  term,  the  hinder  part  of  a  ship ;  towards  the 
stern. 

ABAISSED.  in  Heraldry,  applied  to  the  wings  of  eagles, 
&c.  when  the  tips  droop  to  the  point  of  the  shield ;  or  when  the 
wings  are  shut,  the  natural  way  of  bearing  them  being  volant, 
or  extended.  . 

ABALl  EN ATIO  N ,  in  Law,  the  act  of  transferring  one  man's 
property  to  another. 

ABAPTISTON,  in  Surgery,  the  perforating  part  of  the  ire- 
pmn  instrument. 

ABARTICULATION,  in  Anatomy,  a  species  of  articulation 
admitting  of  manifest  motion ;  called  also  DeartictUatis,  to 
distinguish  it  from  that  articulation  which  admits  of  very 
•bscore  motion,  and  is  called  Synarthrosis, 

ABAS,  a  Persian  weight  for  weighing  pearls ;  one-eighth 
less  than  our  carat. 

ABATAMENTUM,  in  Law,  an  entry  to  lands  by  interposi- 
tion :  u  e.  when  a  person  dies,  seized,  and  another  who  has  no 
right,  enters  before  the  heir. 

ABATE,  in  Horsemanship,  the  performing  of  any  downward 
motion  properly,  as  in  curvets,  when  botli  the  hind  legs  touch 
the  ground  at  one  and  the  same  moment. 

To  Abate,  a  Law  term : — thus,  to  abate  a  castle,  is  to  pull  it 
down  ;  to  abate  a  writ,  is  to  defeat  or  overthrow  it  A  stranger 
mbatesj  t.  e.  enters  upon  possession,  of  house  or  land,  void  by 
tiie  death  of  him  that  possessed  it,  before  the  heir  takes  posses- 
sion, and  so  keeps  him  out.  The  writ  of  the  defendant  shall 
^MtCy  t.  e.  be  overthrown.  The  appeal  abateth  by  covin,  t.  e, 
the  accusation  is  defeated  by  deceit 

ABATELMENT,  in  Commerce,  a  prohibition  of  trade  to  all 
French  merchants  trading  to  the  Levant,  who  will  not  stand  to 
their  bargains. 

ABATEMENT,  in  Heraldry,  signifies  an  accidental  figure  in 
ooats  of  arms,  expressive  of  a  stain,  or  dishonour. 

Abatement,  in  the  Customs,  an  allowance  made  upon  the 
duties  of  goods  that  have  been  damaged. 

ABATIS,  in  Fortification,  an  entrenchment  made  of  felled 
trees,  the  trunks  being  planted  in  the  ground,  and  the  branches 
interwoven. 

ABATOR,  in  Law,  the  person  who  enters  a  house  or  lands, 
on  the  death  of  the  occupier,  before  the  just  heir. 

ABB.  among  Clothiers,  signifies  the  warp  of  a  web,  or  the 
yarn  used  for  warp.   They  also  say  abb-wool^  in  the  same  sense. 

ABBA,  the  Syriac  and  Chaldt^c  name  for  Father.  In  the 
Coptic  and  Ethiopic  churches  the  bishops  are  Abbas, 

ABBE,  a  Monastic  terra,  an  Abbot ;  latterly  in  France  the 
Abb^s  were  academics,  tutors,  &c.  but  not  properly  churchmen. 

ABBESS,  the  superior  of  a  convent  of  women.  Formerly 
the  Abbesses  confessed  their  nuns ;  but  female  curiosity  carried 
them  such  lengths  in  extracting  secrets,  that  the  sex  were 
deprived  of  this  jurisdiction  over  their  sisters*  conscience.  St. 
Basil's  rule  allows  the  presence  of  an  Abbess  at  the  confes- 
sional of  her  nuns. 

ABBEY,  a  Monastery,  or  religious  house,  governed  by  a 
aoperior,  either  male  or  female,  according  to  its  destination. 

ABBOT,  the  superior  of  a  monastery  of  monks,  erected  into 
abbey  or  priory.    There  are  various  classes  of  Abbots,  as 


mitred f  crosier ed,  eeumenical,  cardinal,  regular,  and  eommetida' 
tory  Abbots. 

ABBREVIATE  of  Adjudications,  in  Scotch  law,  an  abridg- 
ment, or  abstract,  of  a  decree  of  adjudication,  which  is 
recorded  in  a  register  kept  for  that  purpose. 

ABBREVIATION,  or  Abbreviature,  the  contraction  of  a 
word  by  dropping  some  letters,  or  of  a  passage,  by  the  omis- 
sion of  some  words:  as,  A.  U.C.  ab  urbe  conditA,  from  the 
Building  of  the  City ;  I.E.  id  est,  that  is  ;  E.G.  exempks  gratiA, 
for  example ;  A.M.  before  noon  ;  P.M.  afternoon. 

Abbreviation  of  Fractions,  reducing  them  to  lower  tenns. 
See  Fractions. 

ABBREVIATOR,  the  Person  who  shortens  or  abridges  any 
work.  The  Abbreviatores  of  the  chancery  at  Rome  are  72 
clerks,  who  abridge  all  petitions,  &c.  for  the  Pope's  perusal, 
previously  to  the  said  documents  being  passed  into  bulls,  or 
ecclesiastical  mandates. 

ABBUTTALS,  the  buttings  or  boundings  of  land  towards 
any  point,  distinguished  anciently  by  artificial  hillocks. 

ABCEDARY  Psalms,  &c.  whose  parts  are  arranged  accord- 
ing to  the  order  of  the  letters  of  the  Hebrew  aiphabet:  as. 
Psalm  25,  34,  119. 

ABDICATION,  the  action  whereby  a  magistrate,  or  person 
in  oflSce,  renounces  or  gives  up  the  same  before  the  term  of 
service  is  expired  ;  and  in  this  wise  differs  from  resignation^ 
which  implies  a  giving  up  in  favour  of  some  other  person. 
Diodesian  abdicated ;  the  Emperor  Charles  V.  resigned. 

ABDUCTOR,  in  Anatomy,  the  muscle  that  withdraws, 
opens,  or  pulls  back,  the  parts  to  which  it  is  attached. 

ABELE,  the  hoary  or  white  poplar,  which  grows  very  fast, 
and  sometimes  to  Uie  height  of  70,  80,  and  100  feet.  It 
6ourishes  well  in  a  clayey  soil,  on  the  low  banks  of  streams, 
or  on  the  margin  of  ponds ;  and  the  wood,  which  is  soft  and 
white,  is  much  used  by  turners;  Horses,  sheep,  and  goats, 
browse  upon  the  leaves,  but  cows  avoid  them. 

ABERRATION,  in  Astronomy,  an  apparent  motion  of  the 
celestial  bodies,  produced  by  the  progressive  motion  of  light, 
and  the  earth's  annuid  motion  in  her  orbit. 

Aberration  of  the  Planets,  is  equal  to  the  geocentric 
motion  of  a  planet ;  the  space  it  appears  to  move,  as  seen  from 
the  earth,  during  the  passage  of  light  from  it  to  the  earth. 
Thus,  in  the  sun  the  aberration  in  longitude  ia  20"  constantly, 
that  being  the  space  moved  by  the  earth  in  8'  T'  of  time,  the 
interval  in  which  light  passes  from  the  sun  to  the  earth. 

ABETTOR,  in  Law,  one  who  encourages  another  to  the 
performance  of  some  action.    In  Scots  law,  art  and  part, 

ABEYANCE,  in  Law,  the  expectancy  of  an  estate :  hence 
we  may  say,  *'  suc^^  property  is  m  abeyance." 

ABIB,  the  first  month  in  the  Jewish  year,  commencing  at 
the  vernal  equinox. 

ABIDING  by  Writings,  in  Scots  law,  compelling  a  per- 
son to  abide  by  a  false  deed,  as  if  it  were  true. 

ABINTESTATE,  in  Civil  Law,  applied  to  the  person  who 
inherits  the  right  of  one  who  died  intestate,  or  without  will. 

ABJURATION,  an  oath  disclaiming  all  allegiance  with  a 
pretender :  the  Abjuration  of  heresy,  is  the  solemn  recanta- 
tion of  any  doctrine  as  false. 

ABLACTATION,  in  Gardening,  the  method  of  grafting  by 
approach ;  t.  e,  the  scyon  of  one  tree  is  for  some  time  Joined  to 
the  stock  of  another,  and  afterwards  cut  off  and  weaned  from 
the  parent  tree. 

ABLAQUEATION,  in  Gardening,  the  operation  of  exposing 
the  roots  of  trees  in  winter,  to  the  air,  rains,  snows,  &c. 

ABLUTION,  in  a  general  sense,  washing ;  in  a  religious 
one,  the  purifying  of  the  body  by  water  before  the  performance 
of  some  act  of  devotion.  Ablutions  are  commanded  by  the 
Mosaic  law;  enjoined  by  the  Pagan  ritual ;  and  practised  by 
the  Moslems,  agreeably  to  the  dictates  of  Mahomet.  The 
priests  of  Egypt  used  daily  ablutions ;  the  Grecians,  sprin- 
klings ;  the  Romans,  lustrations  ;  the  Jews,  washings  and  bap- 
tisms. The  ancient  Christians  had  their  ablutions  before  com- 
munion :  the  Roman  Catholic  has  his  before  mass,  sometimes 
after.  On  Good  Friday,  the  Syrians,  Copts,  &c.  have  solemn 
washings. 

ABOARD,  the  inside  of  a  ship :  hence  the  phrase,  \o  go  em 
board j^to  board,  to  enter  a  ship  ti  et  armis,  by  force  and  arms  i 
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if  mil  mhomrd^  to  encounter.  Abomrd  munn  l«dk,  the  order  to 
draw  the  main  tack ;  t.  e.  the  lower  corner  of  the  main-tail 
down  to  the  chess-tree. 

ABOLITION,  in  Law,  the  repealing  of  any  statute.  2. 
Remitting  the  punishment  of  a  crime.  3.  Leave  given  a  cri- 
minal accuser  to  desist  from  further  prosecution  of  the  ac- 
coaed. 

ABOMASUS,  the  fourth  stomach  of  ruminsting  'ani- 
mals. In  calves,  the  runnet  or  earning  is  formed  in  Uio  Abo- 
masus. 

ABOMINATION  of  Desolation,  foretold  by  Daniel,  the 
statue  of  Jupiter  Olympius,  which  Aotiocbus  Epipbanes 
caused  to  be  put  up  in  the  hol>  temple  of  Jerusalem.  And 
the  Akominmium  0^  DtMolation,  mcntioued  by  the  Evangelists, 
•igniSes  the  ensigns  of  the  Romans,  when  Jeru.Halcm  was 
besieged  by  Titus,  the  son  of  Vespasian. 

ABORIGINES,  the  primitive  inhabitants  of  a  country  ;  as 
Ihe  blarks  of  Africa,  the  Indians  of  America. 

ABORTION,  the  premature  exclusion  of  a  foetus.  The 
horrid  crime  of  procuring  abortion  was  prohibited  by  Solon 
and  Lycnrgns ;  allowed  by  the  Romans  till  the  time  of  the 
emperors  Scverus  and  Antoniiie ;  and  practised  by  dispensa- 
tioQ  onder  the  Roman  ecclesiastical  law ! 

ABOUT  Skip:  the   order  to  the  ship's  crew  for  tacking, 
situation  of  a  ship  immediately  after  hIio  has  tacked. 

ABRAHAMITES,  an  order  of  monks,  exterminated  by 
Theophilus  in  the  9th  century.  Al.so  the  name  of  another  sect  of 
heretics,  who  had  adopted  the  errors  of  Paul  us,  and  who  were 
thence  called  Paulicians. 

ABRASAX,  the  supreme  God  of  the  Basiiidian  heretics ; 
i.  c.  of  the  9R5  heavens,  or  305  revolutions  of  the  earth  on  its 
axis,  lo  each  of  those  heavens  was  placed  an  angel  of  in- 
lelUgeBce,  that  created  it,  and  each  angel  was  created  by 
that  immediately  above  it,  till  the  scale  reached  the  first 
Creator. 

ABRASION,  in  Medicine,  the  effect  of  sharp  corrosive  medi- 
cines in  humours,  in  wearing  away  the  natural  mucus  that 
covers  the  intestines  and  stomach. 

ABRAUM.  a  red  clay  broui^ht  from  the  Isle  of  Wight,  with 
which  cabinet-makers  darken  and  polish  mahogany.  The  best 
thing  for  polishing:  mahogany  is,  after  ail,  linseed  oil,  and 
itgalar  rubbing  with  a  piece  of  flannel. 

ABREAST,  a  Sea  term,  side  by  side,  or  opposite  to,  as 
vben  two  ships  have  their  sides  parallel,  and  heads  equally 
uivanced.  In  line  abremtt,  a  fleet  advances  uuiformly,  equally 
distant  and  parallel,  the  length  of  each  ship  forming  a  right 
angle  with  the  extent  of  the  squadron.  The  commander  is 
thfD  io  the  centre.  AhreoMt,  within  ship,  on  a  line  with  the 
beam,  main  hatchway,  &c.  From  this  point  wc  reckon  our 
po«ition/«re  or  «/>,  as  wo  stand  between  the  beam  and  the 
MMis,  or  stern. 

ABRIDGMENT,  the  reduction  of  any  tiling  into  a  smaller 
compass. 

ABROGATION,  in  Law,  the  act  of  abolishing,  by  authority 
sf  the  law  maker. 

ABROMA,  in  Botany,  a  stove  bark  tree,  that  grows  freely  in 
common  garden  soil,  and  may  easily  be  propagated  by  seeds 
or  cuttinrs. 

ABRUS,  in  Botany,  the  knobbed-rootcd  wild  liquorice. 

ABSCESS,  in  Surcery,  a  collection  of  puriform  matter  in  a 
part:  pruperly.  a  canity  containing  pu#.  or  matter. 

ABSCISS,  Abscissa,  Abscissa,  in  Conies,  is  any  part  of  the 
diaawter  or  axis  of  a  curve,  comprised  between  any  fixed 
point,  where  all  the  abscisses  beiiin,  and  another  line  called 
the  ordinate,  which  is  terminated  in  the  curve.  Commonly  the 
■bfci»fes  are  considered  as  commencin;;  at  the  vertex  of  the 
carve  :  bat  this  is  not  nccessarv,  as  they  may  have  their  origin 
in  Uk}  other  point ;  but  generally,  when  no  condition  is  speci- 
icd.  they  are  understood  as  comnienring  at  the  vertex.  Thus, 
if  AQ  be  any  curve,  and  A,  or  A',  or  A", 
certain  i\ed  points,  of  which,  in  the 
saaeard  figures.  A  and  A'  are  at  the 
vertices,  but  A"  any  point  whatever  in 
the  axis :  also  PQ  any  line  perpendieu- 
br,  or  otherwise,  to  the  axis  A,  A',  and 
iting  io  the  carve;  then  is  PQ 
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an  ordinate,   and  AP,  A'P,  A"P, 

abscisses.  The  absciss  and  corre- 
sponding ordinate,  considered  toge- 
ther, are,  by  Geometricians,  called 
co-ordinates,  and  by  means  of  these 
the  equation  of  the  curve  is  defined. 
<S^ee  Curve.  ^  ^      ^'  a 

ABSCONSA,  a  dark  lantern,  used  by  the  Blonks  in  burying 
the  dead  at  night. 

ABSENCE,  in  Law,  non-appearance  when  cited  before  a 
court.     No  person  can  be  tried  criminally  in  absence. 

ABSINTillATED,  in  Medicine,  tinged  with  wormwood,  or 
absintliium.  The  wormwood  wine  of  the  ancients,  infused  in 
draughts,  proved  beneficial  in  cases  of  indigestion,  or  debility 
of  tlic  stomach. 

ABSIS,  in  Astronomy,  the  same  with  apsis,  those  two  points 
of  a  planet's  orbit,  where  it  is  at  its  greatest  and  least  distanco 


from  the  sun,    &.c.     The  line 
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connecting  these  points  is  call- 
ed the  lino  of  the  apsides.  The  \y'' 
apsis  at  the  greatest  distance  Q^ 
ft-om  the  sun  is  called  the  apke-  •  ^^ 
li4m^  at  the  greatest  distance  ^ 
from  the  earth,  the  apogee;  at 

the  least  distance  from  the  sun,  the  perihelion ;  at  the  least 
distance  from  the  earth,  the  perigee. 

ABSOLUTE  Term  or  dumber,  in  Algebra,  is  that  which  is 
completely  known,  and  to  which  all  the  other  part  of  the  equa- 
tion is  made  equal ;  thus  in  the  equation  jr^-|-ax=6,  the  latter 
quantity  6,  is  called  the  absolute  term,  which  in  every  equation 
is  equal  to  the  continued  product  of  all  its  roots. 

ABSTRACT,  or  Pure,  Mathematics,  treat  of  the  properties 
of  magnitude,  figure,  or  (quantity,  absolutely  and  generally  con- 
sidered, without  restriction  to  any  species  in  particular,  Huch 
as  Arithmetic  and  Geometry.  It  is  thus  distinguished  from 
Mixed  Alaikematics,  in  which  simple  and  abiitract  quantities, 
primitively  considered  in  Pure  Mathematics,  are  applied  to 
sensible  objects,  as  in  Astronomy,  Mechanics,  Optics,  Ke. 

Abstract  yumberSf  are  assemblages  or  units,  considered 
independently  of  any  things,  that  they  might  otherwise  bo 
supposed  to  represent.  For  example,  5  is  an  abstract  num- 
ber, while  it  remains  independent ;  but  if  we  say  6  feet,  or 
6  miles,  it  is  no  longer  an  abstract,  but  a  com-rete  number. 

ABSOLUTION,  in  Civil  Law,  a  sentence  pronouncing  an 
accused  person  innocent.  In  Canon  law,  the  judicial  act 
whereby  the  priest  declares  the  sins  of  such  as  are  penitent  to 
be  remitted. 

ABSORBENT,  swallowing  up.  Absorbent  medirints  are 
testaceous  powders,  or  calcareous  enrtlis,  as  chalk,  &c.  which, 
taken  inwardly,  dry  up  acid  and  redundant  humours  in  the 
stomach. 

Absorbents,  or  Absorbing  Vessels,  in  Anatomy,  are  the 
lacteal,  lymphatic,  and  inbalent  arteries,  which  imbibe  all 
those  fluids  tnat  come  in  contact  wiib  tlicm ;  but  arc  themselves 
so  minute  as  to  escape  observation  in  ordinary  disiieetions. 

ABST  RING  EST  il/eifirmM,  such  as  are  used  for  resolving 
obstructions,  concretions,  fiic.  such  as  soap,  &c. 

ABSURD,  or  ABsraum,  a  term  emplo)cd  in  demonstrating 
converse  propositions,  in  which  the  proposition  is  not  proved 
in  a  direct  manner,  by  principles  belorc  laid  down  ;  but  it 
proves  that  the  contrary  is  absurd,  or  iiitpossible ;  and  thus 
indirectly  demonstrates  the  truth  of  the  propoHition  itself.  The 
4th  propostitionof  the  1st  book  of  Euclid  is  demonstrated  by  this 
method,  by  shewing,  that  if  the  extrcmiiies  of  two  right  lines 
coincide,  the  lines  themselves  will  coincide  in  all  their  parts, 
otherwise  they  would  enclose  a  space,  which  is  absurd,  being 
contrary  to  the  lOlh  axiom.  Converse  propositions  arc  com- 
monly proved  in  this  way,  which  is  called  ndurtio  ad  absurdum : 
but  it  is  unsatisfactory;  yet  it  would  be  diflicrlt  to  de\ise  any 
system  of  geometry  in  which  such  a  method  should  be  entirely 
excluded. 

ABUNDANT  Sumber,  in  Arithmetic,  a  nnmber,  the  sum  ot 
whose  aliquot  parts  is  greater  than  the  number  itself:  thus, 
12  is  an  abundant  number;  for  the  sum  of  its  alii]uot  parti 
l^.2+,3+4+6=  10,  which  is  greater  than  12.  It  is  thus  dU» 
tinguishod  from  a  perfect  number,  which  is  equal  to  the  aum  oi 
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all  its  aliquot  parts,  and  from  a  defieieBt  iraiiiber,  whM  is  less 
than  tbe  sum  of  all  its  aliquot  |Nurt8. 

ABYSS,  something  profotnid,  uid,  as  it  were,  bottomless, 
as  the  ocean,  hell ;  but  more  properly,  the  temple  of  Proser- 
pine, on  accoant  of  the  vast  treasures  there  deposited. 

Abyss,  in  Heraldry,  the  eentre  of  an  escutcheon;  henee 
the  phrase,  *'  he  bears  azure,  a  flower-de-lis,  in  abyss  ;**  t.  e.  in 
tiie  middle  of  the  shield,  clear  from  erery  other  bearing. 

ACACIA,  in  Botany,  the  Egyptian  thorn»  one  of  the  hand- 
somest trees  that  adorn  oarpleasare-rroands.  Cuttings  strike 
in  sand,  under  a  hand-glass,  in  the  bark  bed.  Of  the  flowers 
of  a  species  of  the  Acacia,  the  Chinese  make  a  fine  yellow 
dye.  The  process  is  merely  boiling  and  extraction,  with  the 
addition  of  a  small  quantity  of  alum,  and  oyster  shells  calcined. 

Acacia,  in  the  Materia  Medica,  is  a  mild  astringent,  useful 
in  the  spitting  of  blood ;  imported  from  Bgypt,  and  simply  the 
inspissated  juice  of  unripe  sloes. 

ACADEMY,  a  School,  or  ]^ace  of  learning;  a  eoHegiate 
seminary ;  a  riding-school,  &c. ;  a  society  of  learned  men, 
established  for  the  improTement  of  the  seienees,  arts,  &c. 

ACANTHA,  the  prickle  of  a  plant,  or  Sfune  of  a  priekly 
fin  on  a  fish. 

ACANTHABOLUS,  in  Surgery,  an  instrument  forpulKng 
thorns  and  the  like  out  of  the  skin. 

ACANTHUS,  in  Botany,  the  plant  bear's  breeeh,  which,  as 
A  dye,  gives  a  fine  yellow ;  in  Architecture,  an  ornament  repre- 
senting the  leaves  of  the  Acanthus,  and  decorating  tiie  capi- 
tals of  the  Corinthian  and  Comnosite  orders. 

ACARAUNA,  a  smaH  Amencan  fish,  called,  by  our  sailors, 
old  wife. 

ACfARUS,  the  tick,  or  mite. 

ACATHARSIA,  an  impurity  of  the  blood  and  humours. 

ACAULIS,  applied  to  those  plants  whose  flowers  are  with- 
out stalks,  and  rest  on  the  ground,  as  the  Carlme  thistle. 

ACCAPITARB,  in  Law,  the  act  of  becoming  vassal  of  a  lord, 
or  of  yielding  him  homage  or  obedience ;  henee  Aeeapitmm,  or 
money  paid  by  a  vassal  upon  his  admission  to  a  feu. 

ACCBDAS  ad  Curiam^  a  writ  lying  where  the  man  has  re- 
ceived, or  fears,  false  judgment  in  an  inferior  court. 

ACCELERATION,  in  Mechanics,  the  increase  of  veloeity 
in  a  moving  body.  Accelerated  motion  is  that  in  which  Uie 
velocity  is  oontinually  increasing,  from  the  continued  iMtion  of 
the  motive  power.  Uniformly  ttecelerated  motion,  is  that  in 
which  the  velocity  increases  equally  in  equal  times.  The 
increasing  velocity  with  which  a  body  falls  to  the  earth,  is  an 
instance  of  accelerated  motion,  which  is  caused  by  the  constant 
action  of  gravity.  A  cannon-ball  is  acted  on  by  a  sin^e  im- 
pulse of  the  powder,  and  the  accelerating  force  of  gravity ; 
It  therefore  describes  a  cunre :  this  is  the  foundation  of  ^e 
art  of  gunnery.  A  new  impression  being  made  upon  a  faHing 
body  at  every  instant,  by  the  continued  action  of  gravity,  and 
the  eflect  of  the  former  still  remaining,  the  yeloeity  con- 
tinually increases.  Suppose  a  single  impulse  of  gravitation, 
in  one  instant,  to  give  a  falling  body  one  degree  of  velocity  ;  if 
after  this  the  force  of  gravitation  were  suspended,  the  body 
would  continue  to  move  with  the  same  degree  of  velocity, 
without  being  accelerated  or  retarded.  But  because  the 
attraction  of  gravitation  continues,  it  produces  as  great  a  velo- 
city in  the  second  instant  as  in  the  first ;  which,  added  to  the 
first,  makes  the  velocity  in  the  seeond  instant  double  the  first. 
In  like  manner,  in  the  third  infant,  it  vrill  be  tripled ;  quad- 
rupled in  the  fourth ;  and  in  every  instant,  one  degree  of  velo- 
city will  be  acquired,  and  added  to  that  which  the  body  had 
before ;  that  is,  the  motion  iriil  be  uniformly  accelerated. 

Hence,  then,  from  the  preceding  principles  and  reasoning, 
we  deduce  the  following  general  laws  of  uniformly  accelerated 
motions;  viz. 

The  velocities  acquired  are  constantly  proportfonal  to  the 
tjmes. 

The  spaces  are  proportional  to  the  squares  of  the  times ; 
so  that  if  a  body  describe  any  given  space  in  a  given  time, 
it  will  describe  four  times  that  space  in  a  double  time,  nine 
ttanes  that  space  in  a  treble  time,  and  so  on.  And  univer- 
Sirii|y«  if  the  times  be  In  arithmetical  proportion,  aJ  I,  2,  3,  4, 
IfiO.  i^  the  spaces  described  will  be  as  1,  4,  9,  16,  &c.,  t^. 
TWs  h  body,  which  falls  by  gravity  through  I9j^  feet  in  the  first 


seoond,  will  fhll  tinpsogk  64|  feet  is  two  socoads,  md  fata 
And  ^nee  the  vtlookies  aoquired  ia  falling  are  aa  the  tiaiei^ 
the  spaces  will  be  as  the  square  of  the  velocities ;  and  both  tka 
times  and  velocities  will  bo  as  the  square  roots  of  the  spacot. 

The  spaees  described  by  a  falling  body  in  a  series  of  efUttl 
moments,  or  intervals  af  time,  will  bo  as  the  odd  numbets,  1,  9^ 
6,  7,  9,  &c.  which  are  the  differences  of  tiie  squares  or  wholo 
spaees ;  that  is,  a  body  which  fhlls  through  16jl|  feet  in  tbo  irst 
second,  will  fall  through  d  x  16^  in  the  second,  6  x  1#A  ^ 
the  third,  and  so  on. 

AccBLERAiON  of  BedicM  en  IntHned  PUmee.  The  ■•me 
general  law  prevails  here  as  in  perpendicularly  fhllin^  bo^- 
dies ;  the  plane  merely  making  the  motion  slower ;  Ymk  tlla 
inclination  being  every  where  ec|ual,  the  retardation  aiisiag 
therefrom  will  proceed  equally  in  all  parts  at  the  begiralB^ 
and  the  ending  of  the  motion:  and  the  Accbleratiov  ^ffte 
Motion  of  Penduhnmef  is  in  a  less  ratio  than  that  of  bodies 
falling  perpendicularly.  The  Accsleration  of  the  Moon,  Ib 
her  increase  of  moan  motion,  from  the  sun,  compared  with  the 
diurnal  motion  of  the  earth;  being  about  \ef*  in  100  years. 

AcGBLBRATioN  t/  o  PUmet,  when  the  real  diurnal  motion 
exceeds  the  mean  diurnal  motion-  And  a  planet  is  retarded 
when  the  mean  motion  exceeds  the  real  diurnal  motioa* 
This  inequality  arises  from  the  change  In  the  distance  of  the 
planet  ft>om  the  sun,  which  is  continually  varying;  the  plaaet 
moving  quicker  in  its  orbit  when  nearer  the  sun,  and  shower 
nrhon  further  firom  him, 

ACCENT,  in  Speaking,  an  inflexion  of  voice;  in  GnunaHnr, 
a  certain  mark  placed  over  a  word  or  syllable. 

ACCBPTANCB,  in  Law,  agreeing  to  oiers  made  ia  bar- 
gaining ;  in  Commerce,  signing  one's  name,  or  making  one's 
self  debtor  for  the  sum  contained  in  a  bill  of  exchange. 

ACCEPTILATION,  among  CiviKans,  a  discharge  gkm  Vy 
a  ereditor  to  the  debtor,  without  the  payment  of  any  value. 

ACCESSION,  in  Law,  the  property  of  the  accessory,  as 
the  calf  of  a  cow  becomes  the  property  of  her  owner.  Acoes- 
sion  in  Medicine,  the  paroxysm  of  a  disease ;  in  Polities,  it 
signifies  a  prince's  succeeding  to  the  throne  of  his  lather  or 
predecessor. 

ACCESSORY,  something  that  accedes,  not  prineipal: 
gnHty  by  partidpatien,  before  or  mfter  the  fact. — Accrssout 
Nervee^  in  Anatomy,  arise  Afom  the  medulla  in  the  vertebno  of 
the  neck,  pass  through  the  skull,  and  distribute  themselves 
again  in  the  neck  and  shoulders. — Accessory,  in  Painting,  do^ 
notes  arms,  vases,  &c.  which  in  historical  pieces  may  be  left  out. 

ACCIDENT,  in  Heraldry,  an  additional  point  in  a  ooAt  of 
arms,  which  may  be  omitted  or  retained,  without  altering  ikm 
essence  of  the  armour. 

ACCIDENTAL  Point,  in  Perspective,  is  a  point  in  Hm 
horizontal  Kne,  in  which  a  right  line  drawn  from  the  eyo, 
parallel  to  another  right  line,  intersects  the  picture  or  perspoe-i 
five  plane.  This  is  alivo  the  aecidental  point  of  all  other  Imes 
parallel  to  the  original  line,  since  the  same  line  drawn  from  t^ 
eye  is  parallel  to  them  all ;  and  the  representations  of  all  these 
parallels,  when  produced,  concur  in  the  accidental  poiMt.  Sbe 
Perspective. 

ACCLIVITY,  the  slope  or  steepness  of  a  Hue  ov  plnar 
inclined  to  the  horizon,  taken  upwards,  in  contradistinction  H 
declivity,  which  is  taken  downwards.  So  the  ascent  of  a  hill  i; 
an  aediffftp,  and  the  descent  of  the  same  a  diclivity. 

ACCOMPANIMENT,  in  Mueie,  an  instrument  that  aooonw 
panics  the  voice  to  give  it  eflbet,  or  make  (he  mosiomoro  ^11. 
In  Painting,  such  objects  as  are  added  for  ornament  or  fitness 
to  the  chief  flgures,  as  dogs,  guns,  Ice.  In  Heraldry,  any  thing 
added  to  the  shield  foi  ornament,  as  the  belt,  man4lSaig,  sm^ 
porters. 

ACCOMPLICE,  an  accessory,  ptlvy  to  a  crime  with  aaother. 

ACCOMPLISHMENT  op  PnorMBCY,  the  MllMent,  nwder 
the  New  Testament,  of  events  foretold  by  tlto  Jewish  pto- 
phets  under  the  Old  Testament. 

ACCORD,  in  Painting,  the  harmony  that  prevails  Mnong 
the  lights  and  shadows  of  a  picture. 

ACCOUNT,  oc  AccoMPT,  a  eompwtmtio*  or  reekoniog  of 
any  thing  by  numliers,  as  a  transaetion  hi  bwsiness:  and 
Accountant  is  a  perso^  skiHed  in  noeonnts ;  or  a  bookkteper 
to  thef  South  Sea  or 'East  India  Gompnqy. 
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ACCUMULATION  of  Degrtet,  in  m  Unlfvnity,  lie  taking 
•f  terervl  degrees  togetlwr ;  or  at  sboiter  interfala  than  ttie 
Mriea  aC  the  acadeair  allow. 

ACB»  a  card  or  m  witk  one  point  only. 

ACBNTATUM ,  or  Acbhtbta,  a  name  fiireB  by  the  aDcienta 
«a  the  poteat  and  6neft  kind  eC  rook  0f7Stal.  la  the  iile  of 
Anan,  there  are  foand  rook  crystals  that  Tie  with  Brasilian 


ACSR«  in  Botany,  the  ilf«p/#  or  Syemmore  Tr—,    SImMafli. 

ACETABOLUM,  in  Anatomy,  a  cavity  in  any  bone,  for 

■cerfiing  the  protoberant  head  of  another.     In  Botany,  the 

trivial  nane  of  a  speeies  of  the  pesisa,  or  eappeaiaay  a  genos 

belonging  to  the  cryptogamia  fnngi  of  Linnans. 

ACBTOSA,  Sorrel. — Acbtosella,  a  species  of  oxelir.— AcB- 

pattaking  of  the  nature  of  vinegar. 
ACVTATB  op  Potash,  known  also  as  repenermied  tmfrtmr^ 
limi  mli  9/  wine^  &c. :  may  be  formed  by  saturating  oar- 
eff  potash  with  distilled  vinegar,  and  by  evaporating  the 
itioB  slowly  to  drjmess.    This  ssK  has  a  pungent  alkaline 
exposed  to  the  air,  it  beoomes  moist;  is  soluble  in 
:  when  heated,  it  melts  and  Aroths  ap,  and  is  then  deeean- 
poaeo  and  charted. 

ACBTUM,  Tinegar,  the  vegetable  aoid  of  ebeausts, 
ACHAN,  ia  Medicine,  a  species  of  Aer^Mt. 
ACRARNBR,  a  star  of  the  6rst  magnitude  in  the  constdla- 
tion  Bridarus. 

ACHILLBA,  an  artificial  grass,  called  millWlY  jrarrow,  and 
aaeeaewort.  This  grass  succeeds  best  in  a  good  lawn ;  and 
aav  be  aoam  13  lbs.  to  an  acre. 

TawBo  AcHiLLBS,  in  Anatomy,  a  strong  tendea  of  the  heel 
oT  the  foot 

ACHROMATIC,  a  term  applied  to  these  telescopes  in  which 
Hie  abetvations  of  light  are  remedied,  and  the  colours  justly 


ACID  fSor  Punch.  Brice  red  currants,  and  strain  them  as 
tbrjcMes ;  take  a  galloB  of  the  juice,  put  to  it  two  f|muts  of 
new  nuft ;  crash  pearl  gooseberries  when  foil  ripe,  and  strain 
thna  through  a  cearse  cloth ;  add  two  quarts  of  the  joioe,  and 
three  pounds  of  double-refined  sugar,  three  quarts  of  rum,  and 
two  of  brandy,  with  one  ounce  of  isinglass  dissolved  ia  the 
l^uer:  mix  it  all  up  together,  and  put  it  in  a  little  cask.  Let 
it  stand  for  sis  weeks,  and  then  bottle  it  for  use.  This  acid 
uill  keep  for  many  years.  But,  after  all,  lemon  juioe  is  the  best 
scid  for  punch. 

Acids  and  their  Salts.    Acids  are  either  solid,  liquid,  or 
jraseous.    They  have  so  strong  an  attraction  for  water,  as  to 
ke  fenetally  inoapable  of  appearing  in  a  solid  form. 
Tkt  femermt  chmrmetwritiic  Propertiei  9f  Aeuls, 

I.  Tlwy  are  sour  whea  applied  to  the  tongue. 

X  They  change  vegetable  blues  to  a  red  odour. 

X.  Tbey  eomlSne  wick  asetals  and  metallic  oxides :  among 
%t  latter  are  indaded  earths  and  alkalis ;  with  all  these  they 
farm  salts. 

4.  They  cemWne  with  water  in  all  proportions.  In  this 
Mto.  they  are  said  la  be  dilated.  Very  many  contain  oxygen 
m  one  of  their  components :  but  this  substanoe  is  by  no  means 
tneaeasary  iagiedkjat  in  adds ;  for  there  are  several  which 
pi  mess  the  ahoee  properties,  which  do  not  contain  oxygen. 

AM  the  adds  oombine  with  the  alkalis.  These  combinations 
kMe  been  termed  neutrd  salts.  Example— sulphate  of  soda, 
is  produced  by  a  combination  of  sulphuric  acid  with 
neae  adts  ave  easily  formed  by  art :  and  nature  ex- 
hibits a  great  number,  especially  of  those  which  are  formed  by 
tMs  of  simple  radicals  ;  example— sulphate  of  lime. 

Hcotml  salta  are  disbnpfdshcd  by  two  names ;  one  cxpress- 
iag  the  acid,  and  the  other  the  alkaline  base ;  example— sul- 
ykate  mi  lime  is  eompoaed  of  suit  Auric  *®^  <^^  lime. 

Al  metaUie  auhstaaces  combine  with  at  least  some  of  the 
tnds :  example — sulphate  of  iroa  is  formed  by  the  union  of 
nsu  with  sulphuric  aoid. 

When  a  metallic  substanoe  is  put  into  an  add,  the  first 
tafoiste,  in  order  that  it  may  dissdve,  is,  that  it  become  oxi- 
iaied  im  4t,  the  acid  ivat  gidng  up  a  part  of  its  oxygen  to  the 

by  deoampodng  water  which  may  be  pre- 
nfflurtdring  with  the  maid,  whild  the  hydia- 
CfB  is  set  free. 


In  ■wtalKo  sohrtkms,  an  elforvesoenee,  or  dlsenngemeat  oC 
gas,  eHen  takes  ptaoe.  The  gas  disengaged  by  niiric  aeid.  ia 
■itrio  gas ;  that  disengaged  by  sulphuric  acid,  is  sulpbuMma 
add  gas,  provided  tills  add  has  ftmiished  the  oxygen ;  hut 
it  is  hydrogen  gas,  if  the  oxygen  has  been  tedshed  by  the 
water. 

In  generd,  the  nMtds  do  not  take  from  these  adds  all  thdr 
oxygea ;  they  do  not  reduce  the  one  to  aaote,  imd  the  other  to 
solphar ;  but  to  nitrous  gas,  and  sulpburous  acid,  wMeh  oa»- 
not  exist  but  in  a  gaseous  state. 

Metdlic  substances  dissolve  vrithout  efervescenee,  when 
thev  have  been  previously  oxidated ;  example— white  oxide 
of  lead  will  dissolve  in  aeetic  add  when  tnetallie  lead  wili 
not. 

A  raetd  does  not  dissolve  with  efferreseenee  in  oxygenatad 
muriatic  add,  or  chlorine. 

Silver,  mercury,  and  lead,  are  not  soluble  in  mwriatic  acid, 
when  exposed  to  it  in  thdr  metallic  state ;  but  if  pierieudy 
oxidated,  they  aro  exoeedingly  soluble,  and  the  sdutiaa  takes 
place  without  diervescenee. 

Table  of  the  chief  adds,  whose  generd  properties  deserve  ta 
be  known. 


17.  MaKo. 
la  Oxalic. 
19.  Citric. 
90.  Tartaric. 

51.  Bensdc 

52.  Camphoric 
ta  OaUic 

94.  Saccinic 
36.  Saberic. 

IV.  Ammml Atidi. 
98.  Phosphorous. 

97.  Phonihocia 

98.  Bombic 

99.  Sebade. 
ao.  Lacdc 
31.  Lactic 

99.  Saccho-laotic. 

33.  Uric. 

34.  i^sdc 

35.  Pyrdigneous. 

of  any  adds,  which  end  in 


i.  MimendAcidi. 
1.  Sulphurous. 
9.  Sulphuric. 

3.  Nttraus. 

4.  Nitric. 
6.  Mtnri«lic,or 

Hydrochloric. 

6.  Chloric. 

7.  Carbodc 

8.  Fhioric 

9.  Boracic. 
//.  Metmliie  Aci4$. 

10.  Araedous. 

11.  Arsenic 
19.  Tungstic. 

15.  Mdybdic 
14.  Chromic 

16.  Celandiic 
///.  VegetMt  ilcufr. 

16.  Acetic,  or  Acetous. 

The  salts  prodaced  by  the  o 
•ut,  have  their  termination  in  tie.  Thus,  sulphurouf  acid  and 
potash  form  sulphtit  of  potash.  Neutrd  salts  fonned  bv  acids 
ceding  in  tc,  have  thdr  terminations  in  de,  thus,  sulphurtr 
ncid  and  potash  form  solphdr  of  potash. 

Sid^mrmu  And  is  sulphur  combined  with  oxygen,  but  not 
to  satoratiea.  It  is  the  sulphurous  add  gas  when  absorbed  by 
vrater.  The  sdta  formed  by  the  combination  of  this  add  with 
different  bases,  aro  cdled  sdphiiet;  they  aro  not  employed 
for  any  usefol  purpose. 

Shdpkurie  Aeid^  formeriy  called  dl  of  dtiM,  is  formed  by 
the  combination  d  sulphur,  whioh  is  its  bnse,  and  oxygen. 
Sulpheift  aro  neutrd  salts,  formed  by  the  sulphuric  acid  with 
certdn  bases.  Sulphate  of  potash,  formeriy  cmllcd  viuidalad 
tartar,  is  produced  by  the  combination  of  the  sdphaiio  acid 
and  potash.  It  is  fouad  frequently  in  asinerd  vralera.  Sn^ 
phatc  of  soda,  coararady  called  Olaaber's  sdl,  is  fonned  by 
the  combination  d  soda  with  the  sulphuric  acid.    The  aa^ 

C hates  of  iron  and  copper  aro  used  io  dyeing.  Ice.    Sulphate  d 
mc  or  plaster  of  Pans,  is  used  for  makiag  casts*  busts,  ice 

A'l/i-oiu  Acid  cxistA  in  the  state  of  gas,  in  the  form  of  a  red 
vapour ;  it  is  dtrous  gas  combined  with  a  quantity  d  oxygen. 
Nitrous  acid  is  procured  from  sulphate  diron*  deprived  of  its 
water  of  oryatalliaation  by  beat,  and  an  eqad  ureight  d  dry 
nitrate  of  potash.  It  may  also  be  obtdned  by  dooomposing 
dtsate  d  pot^,  by  tneaas  d  sdphnrio  add,  with  the  assist 
ance  of  heaL  The  sdts  fonsod  with  this  add  aro  very  little 
known. 

Aatrie  Arid.  The  ooastilnesit  prindples  d  this  add  are 
oxygen  and  nitrogen.  It  dilers  from  the  last  aientioned  aoid, 
ooly  ia  not  having  any  nitroas  gas  in  a  loosely  oombiaed  state. 
Oxygen  and  nitrogen  with  caforic  form  dtrous  pm.  Tkam  caa^ 
with  a  greater  quaatity  of  oxygen,  forms  dtnc  add.  Nltaa 
add  is  transparent,  liquid,  and  colouricss;  sold  in 
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br  tiie  name  of  aqaa-fortis.  It  ia  procured  by  ro-distiUiog 
nitroas  acid,  or  at  least  heating  it  till  it  is  deprived^  of  its  fumes. 
The  combination  of  nitric  acid  with  different  bases,  are  called 
nitratei.    Nitrate  of  silver  is  the  lunar  caustic  used  by  sur- 

geons.  It  is  also  used  in  making  indelible  ink  for  marking 
nen.  These  salts  have  the  property  of  detonating  with,  or 
inflaming,  charcoal,  and  other  easily  inflammable  bodies,  at  a 
red  heat.  It  is  upon  this  property  that  the  composition  of 
gunpowder  is  founded,  which  consists  of  five  parts  of  nitrate  of 
potash,  or  salt-petre,  one  of  charcoal,  and  one  of  sulphur. 

Muriatie  or  Hydroeklorie  Acid^  formerly  termed  marine  acid, 
or  spirit  of  salt,  is  composed  of  hydrogen  and  chlorine.  Its 
combinations  with  earths,  alkalis,  and  metals,  form  hydrochlo- 
rates  or  muriates.  Muriate  of  potash,  formed  by  the  combina- 
tion of  muriatic  acid  with  potash,  is  found  in  sea-water  and 
old  plaster:  it  has  a  strong,  bitter,  disagreeable  taste.  Muriate 
of  soda,  (marine,  common,  or  rock  salt,)  formed  by  the  combi- 
nation of  muriatic  acid  with  soda,  is  found  native  in  mines,  in 
many  places,  but  particularly  in  Poland  and  Hungary.  It  is 
also  obtained  from  sea-water  by  evaporation,  &c.  Muriate  of 
ammonia,  or  sal-ammoniac,  formed  by  the  combination  of 
muriatic  acid  with  ammonia,  is  found  native  in  mines,  in  many 
parts,  particularly  in  the  neighbourhood  of  volcanoes.  Muriate 
of  lime  is  found  in  mineral  waters  of  the  sea,  to  which  it  con- 
tributes to  give  their  bitter  taste.  Muriate  of  barytes  is  not ' 
known  to  exist  native.  Muriate  of  lead  is  the  pigment  or  paint 
known  by  the  name  patent  yellow. 

Chloric  Aeidy  formerly  called  oxygenated  muriatic  acid,  is 
muriatic  acid  deprived  of  its  hydrogen.  It  removes  the  stain 
of  conunon  ink,  though  it  does  not  affect  printer^s  ink.  It  is, 
therefore,  used  for  cleaning  books  and  prints.  Half  an  ounce 
of  minium  or  red  oxide  of  lead,  being  added  to  three  ounces  of 
muriatic  acid,  will  render  it  fit  for  this  purpose.  Nitro-mnria- 
tic  acid,  called  formerly  aqua-reg^a,  is  an  acid  analogous  to 
chloric  acid.  This  acid  has  the  property  of  dissolving  gold 
and  platina,  which  cannot  be  acted  upon  by  any  other  acid. 
Chlorate  of  potash,  or  oxygenated  muriate  of  potash,  is  made 
by  introducing  the  chlorine  gas  into  a  solution  of  potash.  This 
salt  has  the  property  of  detonating  with  sulphur,  charcoal,  &c. 
and  has  been  used  for  making  gunpowder ;  but  the  manufac- 
ture and  use  of  this  powder  are  very  dangerous. 

Carbonic  Acid  exists  in  the  gaseous  state,  and,  in  combina- 
tion with  different  bases,  constitutes  the  salts  termed  carbo- 
nates. Carbonate  of  potash  is  made  by  exposing  a  solution 
of  potash  to  the  carbonic  acid  gas  until  saturated.  Carbonate 
of  soda  is  decomposed  by  quicklime,  by  the  acids,  and  by  flre, 
80  also  is  the  former  carbonate.  Carbonate  of  ammonia,  or 
concrete  volatile  alkali,  may  be  obtained  from  any  animal  sub- 
stances, but  it  is  not  found  native ;  it  is  a  combination  of  car- 
bonic acid  with  ammonia.  Carbonate  of  barytes  has  no  taste, 
is  not  altered  in  the  air,  is  almost  insoluble  in  water,  but  is 
decomposed  by  heat,  and  by  all  the  acids.  Carbonate  of  mag- 
nesia, or  common  magnesia,  is  obtained  by  precipitation  with 
the  carbonate  of  soda,  from  the  sulphate  of  magnesia.  It 
loses  its  water  and  acid  by  calcination,  the  residue  being  pure 
magnesia,  sometimes  called  calcined  magnesia. 

Fluoric  Acid  is  composed  of  fluorine  and  oxygen.  In  a 
gaseous  state,  it  forms  fluoric  acid  gas ;  united  to  water,  it 
constitutes  liquid  fluoric  acid.  It  exists  completely  formed  in 
flaate  of  lime,  known  under  the  name  of  flour  or  Derbyshire 
•par.  The  distinguishing  property  of  the  fluoric  acid  is,  its 
power  of  dissolving  silex,  and  being  employed  for  etohing  on 
^ass. 

Boracic  Acidity  concrete  acid  extracted  from  borax,  a  salt 
brought  from  India :  its  base  Is  unknown.  Boracic  acid  exists 
in  brilliant  white  scales,  soft,  and  unctuous  to  the  touch.  Its 
taste  is  bitterish,  with  a  slight  acidity.  Borate  of  soda,  or 
borax,  formed  by  the  combination  of  the  boracic  acid  with 
•oda,  is  found  in  a  crystallised  state  at  the  bottom  of  certain 
salt  lakes,  in  a  barren  volcanic  district  of  the  kingdom  of 
Thibet  A  still  purer  kind  comes  from  China.  When  reduced 
into  a  white  opaque  light,  it  is  called  calcined  borax. 
,  Artenioue  Acid  is  metallic  arsenic,  oxygenated  in  the  flrst 
degree,  and  therefore  called  arsenious  acid.  The  white  arsenic 
•of  the  chemisU*  shops  is  chiefly  obtained  from  the  arsenical 
•fcs  of  cobalt 


Anenie  Acid,  produced  only  by  art,  appears  in  the  form  of  a 
white  powder.  AU  the  preparations  of  arsenic  are  deadlv 
poisons ;  the  hydro-sulphurets  are  the  best  antidotes.  A  weak 
solution  of  hydro-sulphuret  of  potash,  soda,  or  lime,  is  there- 
fore often  administered  with  success,  if  given  in  time,  to  per- 
sons who  have  been  poisoned  by  arsenic.  Sulphurous,  mineral, 
or  the  Harrowgate  water,  may  also  be  given.  In  such  cases, 
oil,  milk,  butter,  &c.  which  are  too  often  resorted  to,  should 
never  be  employed,  if  a  sulphuret,  or  hydro-sulphuret,  can 
possibly  be  procured. 

Tungttie  Add  is  procured  from  a  mineral  called  tungsten, 
which  is  a  combination  of  this  acid  with  lime,  (tungstate  of 
lime,)  or  from  wolfram,  which  is  this  acid  united  to  iron  and 
manganese. 

Molybdic  Acid  is  molybdena  oxygenated ;  for  this  metal  is 
susceptible  of  oxygenation  to  such  a  degree  as  to  become  a 
concrete  acid. 

Chromic  Acid  is  found  combined  with  oxide  of  lead,  in  tbc 
mineral  called  chromate  of  lead,  or  the  red  lead  of  Siberia ;  also 
united  to  iron,  alumine,  and  silex,  in  the  substance  called 
chromate  of  iron.  This  acid  has  the  peculiar  property  of  form- 
ing  the  most  brilliant  colours  with  whatever  metal  it  combines : 
chromate  of  lead  is  an  intense  yellow,  chromate  of  mercury  a 
brilliant  red,  and  chromate  of  silver  a  beautiful  violet 

Columbic  Acid*  is  found  in  the  lately  discovered  ore  called 
columbium,  or  colombate  of  iron. 

Acetic^  or  Acetous  Acid,  exists,  mixed  with  other  substances, 
in  common  vinegar.  Since  this  acid  is  very  volatile,  it  is  obtained 
pure  by  distilling  vinegar  in  a  sand-heat.  In  this  state,  it  is 
called  distilled  vinegar.  Its  base  is  carbon,  hydrogen,  and 
oxygen.  The  same  substances  form  the  bases  of  the  other 
vegetable  acids,  but  in  different  proportions.  The  acetites  of 
potash  and  soda  are  obtained  by  neutralizing  the  carbonates 
of  these  alkalis  with  acetous  acid,  and  evaporating  and  crys- 
tallizing the  solution.  Acetate  of  lead,  or  sugar  of  lead,  is 
composed  of  lead  and  acetic  acid :  hence,  acetic  acid  for  prc« 
paring  aromatic  vinegar,  is  usually  obtained  by  pouring  sol* 
phuric  acid  on  the  sugar  of  lead  in  a  retort,  and  distilling  the 
acetic  acid  in  a  receiver  prepared  for  the  purpose.  Here  we 
have  an  example  of  decomposition;  for  the  sulphuric  acid 
must  combine  with  the  lead  before  the  acetic  acid  will  come 
over.  This  distillation  must  be  carried  on  in  a  sand-bath. 
Aromatic  vinegar  is  merely  acetic  acid  with  a  little  camphor 
and  oil  of  bergamot  dissolved  in  it. 

Malic  Acid  is  found  in  the  juice  of  unripe  apples,  and  some 
other  fruits. 

Oxalic  Acid  is  prepared  from  sugar  by  mixing  it  with  nitric 
acid.  It  is  highly  poisonous,  and  many  deaths  have  occurred, 
sometimes  through  the  negligence  even  of  druggists,  by  mis- 
taking it  for  Epsom  salts,  which  are  very  like  it. 

Citric  Acid  is  found  in  the  juice  of  lemons  and  oranges 
unripe  grapes,  and  other  sour  fruits.    It  is  also  called  concrete 
lemon  juice,  and  is  used  for  a  variety  of  purposes.     It  is  a  very 
useful  substance  for  taking  stains  of  ink  out  of  linen. 

Tartaric  Acid.  The  tartar  found  adhering  to  wine  casks, 
is  a  salt  composed  of  a  peculiar  acid  combined  with  potash, 
but  in  such  a  manner,  that  the  acid  is  in  considerable  excess. 
The  salt  is  known  under  the  name  of  acidulous  tartrite  of 
potash,  and  the  acid  which  enters  into  its  composition  is  the 
tartaric.  It  is  by  the  combination  of  this  acid  with  potash, 
that  Uie  acidulous  tartrite  of  potash,  usually  called  cream  of 
tartar,  is  formed  by  solution,  with  subsequent  filtration  and 
evaporation; 

Benzoic  Add  is  found  in  the  resin,  called  benzoin,  in  the 
balsam  of  Peru,  and  some  other  substances  of  this  kind.  It  is 
also  found  in  urine,  and  other  animal  substances. 

Camphoric  A  dd,  is  camphor  oxygenated  to  acidity.  Camphor 
is  a  concrete  essential  oil,  extracted  by  sublimation  from  a 
laurel  which  grows  in  China  and  Japan. 

Gallic  Add  is  found  in  gall-nuts,  bark  of  trees,  and  in  all 
those  vegetables  called  astringents. 

Suednic  Addis  obtained  from  amber,  and  is  therefore  called 
also  acid  of  amber.  Amber  is  a  bituminous  substance  of  a 
yellow  colour,  which  is  found  chiefly  on  the  sea-coast  of  Prus- 
sia. It  takes  a  fine  polish,  and  is  used  for  Tarioos  ornaments* 
It  is  strongly  electrical 
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ml  B^  'fi^i  7,  is  coiy> 
fined  within  the  tube, 
•nd  the  vibratioiis 
striking  against  its 
hollow  sides,  are  re- 
flected back  to  the 
angle  of  incidence, 
and  fall  into  the  di- 
rection of  the  vibrations  that  proceed  straight  forwards.  The 
whole  of  the  vibrations  are  thus  collected  at  E,  and  if  the  ear 
be  sitaated  at  or  near  that  spot,  the  soond  is  prodigiously 
increased.  The  reflected  rays  fall  without,  the  rays  of  inci- 
dence within,  the  trumpet  Bveiy  one  knows  the  utility  of 
speaking  or  hearing 
trumpetSy  ^g.  8,  to  jftaiSL 
deaf  persons.  The 
reason  is  obvious ;  the  ..-'' 

qf>eaker's  Yoioe  at  the 
point  £,  is  reflected  ^\ 
to  the  larger  end  of  '\ 
the  trampet,  and  pas- 
ses by  the  rays  of  in- 
cidence into  the  ear 
atB. 

Of  Eeko9M, — ^An  echo  is  a  reflection  of  sound  striking  against 
some  object,  as  an  image  is  reflected  in  the  glass :  but  it  has 
been  disputed  what  are  the  proper  qualities  in  a  body  for  thus 
reflecting  sounds.  It  is  in  general  known,  that  caverns,  grot- 
toes, mountains,  and  mined  buildings,  return  this  reflection  of 
sound. 

Wc  have  heard  of  a  very  extraordinary  echo,  at  a  ruined 
fortress  near  Louvain,  in  Flanders.  If  a  person  sung,  he  heard 
only  his  own  voice,  without  any  repetition :  on  -the  contrary, 
those  who  stood  at  some  distance  heard  the  echo,  but  not  the 
Toioe ;  but  then  they  heard  it  with  surprising  variations,  some- 
times loader,  sometimes  softer,  now  more  near,  then  more 
distant.  There  is  an  account  in  the  Memoirt  of  the  French 
Academy  f  of  a  similar  echo  near  Rouen. 

PhiloiODhical  Principle  of  an  Echo.  Fig,  ^. — It  has  been 
already  observed,  that  every  point  against  which  the  pulses  of 
aowid  stdke,  becomes  the  centre  of  a  new  series  of  palses,  and 
found  describes  equal  distances  in  equal  times ;  therefore, 
when  any  sound  is  propagated  from  a  centre,  and  its  pulses 
■trifce  against  a  variety  of  obstacles,  if  the  sum  of  the  right 
lines  drawn  from  that  point  to  each  of  the  obstacles,  and  from 
each  obstacle  to  a  second  point,  be  equal,  then  vrill  the  latter 
be  a  point  in  which  an  echo  will  be  heard.  Thus,  let  A  be  tbe 
point  from  which  the  sonad  is  pro-  pco.  s 
pagated  in  all  directions,  and  let 
the  pulses  strike  against  the  ob- 
stacles C,  D,  £,  F,  G,  H,  I,  &c.  each 
of  these  points  becomes  a  new  cen- 
tre of  pulses  by  the  first  principle, 
and  therefore  from  each  of  them 
one  series  of  pulses  will  pass 
through  the  point  B.    Now  if  the 

several  sums  of  the  right  lines  AC+CB-f,  AD-f  DB,  AE+EB, 

AG4-GB,  AH+HB,  AI+IB,  lie.  be  all  equal  to  each  other, 
it  is  obvious  that  the  pulses  propagated  from  A  to  these 
points,  and  again  from  these  points  to  B,  will  arrive  at  B  at 
the  same  instant,  according  to  the  second  principle ;  and  there- 
fore, if  the  hearer  be  in  that  point,  his  ear  will  at  the  same 
instant  be  struck  by  all  tliese  palses. 

Now  it  appears  from  experiment,  that  the  ear  of  an  exer- 
cised musician  can  only  distinguish  such  sounds  as  follow  one 
another  at  the  rate  of  9  or  10  In  a  second,  or  any  slower  rate ; 
and  therefore  for  a  distinct  perception  of  the  directed  and 
reflected  sound,  there  should  intervene  the  interval  of  about 

]  1142 

>  of  a  second ;  but  in  this  time  sound  describes  -;•—  or 

1*27  feet  nearly.  And  therefore,  unless  the  sum  of  the  lines 
drawn  from  each  of  the  obstacles  of  the  points  A  and  B, 
exceeds  the  interval  AB  by  137  feet,  no  echo  will  be  beurd  at 
B.  Since  the  several  sums  -of  the  lines  drawn  froaa  the 
^betanloi  to  tbdipoiiita  A  aad.B  are  of  the  same  mafnitvde,  il 


appears  that  the  curve  passing  through  all  the  points  C,  1>,  B, 
F,  G,  H,  I,  &o.  will  be  an  ellipse.  Hence,  all  the  points  of  Iha 
obstacles  which  produce  an  echo,  must  lie  in  the  surface  of  tha 
oblong  spheroid,  generated  by  the  revolution  of  this  ellipsa 
round  its  roi^or  axis. 

Different  Echoes  nhilowohitidhf  aeeemmtedfor, — As  there  may 
be  several  spheroias  of  different  magnitudes,  so  there  may  be 
several  diflierent  echoes,  of  the  same  original  sound.  And  as 
there  may  happen  to  be  a  greater  number  of  reflecting  points 
in  the  surface  of  an  exterior  spheroid  than  that  of  an  interior^ 
a  second  or  a  third  echo  may  be  much  more  powerful  than  the 
first,  provided  that  the  superior  number  of  reflecting  points^ 
that  is,  the  superior  number  of  reflected  pulses  propagated  to 
the  ear,  be  more  than  sufllcient  to  compensate  for  the  decay  of 
sound,  which  arises  from  its  being  propagated  through  a 
greater  space.  This  is  finely  illustrated  in  the  celebrated 
echoes  at  the  lake  of  Killamey  in  Ireland,  wkera  the  first 
return  of  the  sound  is  greatly  inferior  to  those  which  succeed 
it  immediately. 

From  what  has  been  laid  down,  it  appears,  that,  for  the 
most  powerful  echo,  the  sounding  body  should  be  in  oncifocvs 
of  the  ellipse,  which  is  the  section  of  the  echoing  spheroid,  and 
the  hearer  in  tiie  other.  However,  an  -echomay  be  heard  in 
other  situations,  but  not  so  favourably,  as  such  a  number  of 
reflected  pujses  may  arrive  at  the  same  time  at  the  ear,  as  may 
be  suflBoient  to  excite  a  distinct  perception.  Thus  a  person 
often  hears  the  echo  of  his  own  voice;  but  for  this  purpose  he 
should  stand  at  least  63  or  64  feet  from -the  reflecting  obstacle, 
accordiiig  to  what  has  been  said  before. 

At  the  conmion  rate  of  speaking,  we  pronounce  not  above 
three  syllables  and  a  half,  that  is,  seven  half-syllables,  in  a 
second,  therefore,  that  the  echo  may  return  just  as  soon  as 
three  syllables  are  expressed,  twice  the  distance  of  the  speaker 
from  the  reflecting  object  must  be  equal  to  1000  feet ;  for  as 
sound  describes  1142  feet  in  a  second,  f  of  that  space,  that  is, 
1000  feet  nearly,  vrill  be  described,  while  six  half,  or  three 
whole  syllables  are  pronounced;  that  is,  the  speaker  most 
stand  600  feet  from  the  obstacle.  And  in  general,  the  distance 
of  the  speaker  from  the  echoing  surface,  for  any  number  of 
syllables,  must  be  equal  to  the' seventh  part  of  the  product  of 
1142  feet  multiplied  by  that  number. 

In  churches,  we  never  hear  a  distinct  echo  of  the  voice,  bvt 
a  confosed  sound  when  the  speaker  utters  his  words  toa 
rapidly;  because  the  greatest  difierence  between  the  direct 
and  reflected  courses  of  such  a  number  of  poises  as  would 
produce  a  distinct  sound,  is  never  in  any  church  equal  to 
127  feet,  the  limit  of  echoes.  But  though  the  first  reflected 
pulses  may  produce  no  echo,  both  on  account  of  their  being 
too  few  in  number,  and  too  rapid  in  their  return  to  the  ear^ 
yet  it  is  evident,  that  the  reflecting  surface  may  be  so  formed, 
as  that  the  pulses  which  come  to  the  ear  after  two  reflections 
or  more,  may,  after  having  described  127  feet  or  more,  arrive 
at  the  ear  in  suflicient  numbers;  and  also  so  nearly  at  tbr 
same  instant  of  time,  as  to  produce  an  echo,  although  the  dis- 
tance of  die  reflecting  suifaoe  from  the  ear  be  less  than  the 
limit  of  echoes.  For  example,  as  yon  enter  a  small  grotto,  oi 
the  banks  of  the  Dinan,  about  2  miles  from  Castlecombe,  in  Iho 
county  of  Kilkenny,  and  continue  speaking  aloud,  no  return 
of  voice  is  perceived ;  but  on  arriving  at  a  certain  point  in  the 
cave,  about  14  or  15  feet  from  the  reflecting  sorlkce,  a  very 
distinct  echo  is  heard.  This  echo  is  produced  solely  by  those 
pulses  of  voice,  whidi,  after  being  reflected  several  times  from 
one  side  of  the  grotto  to  the  other,  (as  you  observed  in  the 
hollow  tube  of  the  trumpet,)  and  having  run  over  a  greater 
space  than  127  feet,  arrive  at  the  ear  in  considerable  numbera, 
and  no  more  distant  from  each  other,  in  point  of  time,  than  the 
ninth  part  of  a  second. 

The  Invisible  Girl,  a  deception  connected  with  the  conveys 
anco  of  sound,  is  an  acoustic  experiment,  which  may  thus  be 
scientifically  and  familiarly  explained. 

In  the  centre  of  a  large  room  is  plated  an  apparatus,  as 
^g,  10,  with  a  railing  surrounding  it,  about  five  feet  high,  and 
as  many  wide.  A,  A,  A,  A,  are  the  posts,  united  by  the  cross- 
rail  B,  B,  near  the  top,  and  by  two  more  similar  rails  near  the 
bottom.  The  plvme  and  globe  are  supported  by  four  stout 
brass  wires.    The  globe,  or  ball  of  copper,  is  aboat  13  fmotm 
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Koud  thii  ball  are  placed  Tonr  tnnnp«ta,  at  rifbt  aoglei  to 
(wioilter,  u  ifanmiD  fi)c.  11,  Inmng  their  montlis  opening 


HotUnjca 

mmta  men  i<  witbin 

^K  aay  aaeation  foa  cfaooae  li 

MHi>  thu:— 

Vlwa  Ike  qneUian  i>  juofosti.  and  ntlered  into  (ke  monfli 
tf  ^w  of  Ike  ti«apel(,  an  aniwei  iamediatclv  proceedi  ban 
4  Urn  tmoipeU,  to  diaUnrUj  load  u  lo  -be  Jward  bj  an  car 
ViMcd  to  Mij  ooe  of  Uuim,  and  yet  ao  jcmvle  aw!  feeble,  that 
kketaallj  leemi  to  iaiue  rrom  the  twelvciiniib  jclobe.  But 
Ai  danrpiiea  ia  thu :    Fjf.  12  x^uueaU  a  «Aotiaa  oT  (be 


Aa». 


Mta,  wdAoebaroTlbanD 
t  ton,  ■w4aHMred4MM4«be,1httni4  «r«Uah  •raMM 


|«M«toll,aw4aHMred' 


,;  NwtoWMiBn 


tfce-iaeMadf  fte  rail  oppeMto  iha  mmtm  ofthttt 

ride.  W*aba>»Uixi^wUc<brwi«ldiagi.lic;  * 
nicatei  with  ■  tin  pipe  p,  p,  half  an  inch  diameter,  concealed 
below  tlie  Roor  of  tbe  mom  f^,  and  pauioc  np  the  wall  lo  a 
large  deal  case,  k,  almost  umilar  lo  an  inverted  fumel,  and 
large  enmrh  to  contain  Ibe  ea^edrralt  or  innritli  fitl,  and  a 
piano  on<wbich  she  pla;i.  A  imall  bole,  doted  win  ^aai,  ia 
left  throagh  ibe  fbnnel  and  lide-wall  tt  the  nam,  m  at  Ik. 
which  allowi  her  to  canunent  on  what  ia  paaatag  amvng  the 
eompanj.  Tbm,  when  anjr  qneilioo  ie  a^rd  at  eas  of  (he 
tmmpela,  tbe  sound  is  conTejied  throagk  tbe  comBoaicatinR 
tnbet  into  the  funnel-ahaped  caic,  so  ••  to  be  beard  by  the  con- 
federate, wbo  then  iHTes  tbe  answer,  which  in  like  manner  ia 
coQTcjed  thron|[fa  tbe  tobe,  below  the  floor,  to  one  of  the 
tnimpeti,  and  is  beard  eilber  from  that,  or  anj  of  tbe  reiL 
PBILOSOFHICtL  ACODITIC  £&naiH>NTi. 
I.  7%<  MiUm*  Htt,  fig.  13,  is  so  named  irom  JUna,  (k# 
heathen  deitjr  of  winds,  M  it  ptroduccs  its  wild  awl  oBUib  e»|iu- 
■ito  atraina,  merd  j  bj  tbe  action  of  tbe  wind-  U  is  thas  cmt- 
atmctod :— Let  a  box  be  made  of  aa  iUb  deal  «a  poasibU^  ^ 
the  csBct  IcKgtb  anaweriag  to  the  width  of  the  wisdow  ia 
which  it  i*  inlamled  to  be  plaocd,  Are  or  aiK  inchat  deep,  aad 
ride;    let  tl 


■even  or  dgU  iodiea  wide 


t  then  ha  ^aaA  upon  it  tw 


ftm.U. 


pieces  of  wainscot,  AB,  CD,  abont  half  an  Inch  high,  and  k 
qnarter  of  an  incft  thick,  to  serre  as  bridgea  for  the  atrings ; 
and,  within  side,  at  each  end,  gine  two  pieces  of  beech,  ahovt 
an  inch  square,  of  length  eqniil  to  the  width  of  the  bos,  wUch 
are  to  sostain  the  pe^ :  into  tbeae  fix  as  many  pins,  ancb  aa 
mre  aaed  in  a  baipsicbord,  as  there  are  to  b«  strlwa  fn  the 
initmment,  7,  10,  or  IA, — haff  at  one  end  and  half  at  the  olfcer. 
at  eqaal  distances :  it  now  remains  to  string  it  with  email 
catgut,  or  bine  first  llddle-strinjcs,  iixing  one  end  to  a  amafl 
hran  pin,  and  twisting  tbe  (Tther  ronnd  the  oppoaito  ptn. 
When  these  itrings  are  tuned  to  one  and  the  eame  note,  and 
the  InstmmenI  placed  with  the  atriii|ra  ojtward  in  the  window 
to  which  it  is  fitted,  it  will,  provided  the  air  blows  on  thjtt  win- 
decreasing  according  to  the  atrcngtb  of  the  wind.  Hie  Ignre 
represents  an  instminont  wiib  ten  cbords;  some  mnalciana 
dirpct  the  two  eslreine  cbenls  to  be  two  «rtBf  es  belew  Iba 
eeatral  ones.  Awd  here  It  nmy  be  proper  loTenarlc,  that  'ftra 
Mringa.  of  eqoal  leofrtb.  leBsion,  and  thicfcness.  by  pierforaing 
their  vibratians  togefbcr,  wDI  eooBd  (he  eame  note,  or  be  In 
wnliien.  Two  pipes  «4-tbe  same  length  and  dimetor  will  agree 
ia  the  rasae  manner.  Large  instmmenta  and  tang  strings  fto- 
duce  grave  or  deeptonea ',  smnll  Instrwnenta  and  short  strms 
pvodnoe  ante  and  hi^  tones. — lo  tbe  case  of  tbe  Rtringa,  the 
air  ia  etmek  by  Ibe  body,  and  Ibe  aonnd  fs  excited  by  *e 
vibrations :  hi  that  ef  fte  pipes,  the  body  is  afmek  by  tbe  atr, 
hot,  aa  aetfon  and  re-aetiea  are  emal,  the  eflert  ia  tiie  aame. 
Let  a  mnsicnl  athng  of  any  length  be  divided  hito  two  eoaa) 
parts  by  abridge  h)  tbe  middle  :  and  toe  sound  of  each  half 
ifl  eight  notos,  or  an  oetare,  higher  than  (he  tone  of  the  whale 
atrlng.  Organ  pipes  preAoee  grave  or  acute  tones  in  propor- 
tion to  their  length  and  xiie.  It  is  the  abortert  string  (rf  a 
barpsiohord  whteh  yiel^  the  bigfaeat  notes. 

S.  7W  CbaMfMnf  Stattt,  fig.  14.  eonaiets  of  a  oeaeave  mrr- 
tor,  about  4  feet  diameter,  ae  AB.  plaocd  in  a  perpendi- 
enlar  direotion ;  4e  focaa  of  tbe  mirror  being  from  16  to  fi 
IsAea  fram  *e  Nrfaee.  At  tbe  dleUnee  of  ftorOfcrt  ia  • 
ftttltkia,  «Ub  u  opening  SF,  of  tbe« 


OIOTIOMASY  OP  IfBGHAHICAL  iOIBNGB. 


ACT 


■(tlut  thii  opening  plaee  k  piotore  punted  in  water  oolonra, 
«B  ft  thin  cloth,  that  the  sound  majeuilT.pui  throngb  IL 


Tke  more  effectnally  to  conceal  the  canse  of  thia  iUnaion,  the 
mliTOT  AB,  maj  be  fixed  in  the  wainaoot,  and  Bfaaxe,.or  snj 
other  thin  covering,  thrown  over  it,  as  that  will  notin  llie  least 
prevent  the  sonnd  from  being  reDeoted.  An  esperiniait  of  Ihii 
kind  may  be  performed  in  a  Geld,  or  garden,  between  two 
hedges,  in  one  of  which  the  mirror  A  B  may  be  placed,  and  in 
the  other  an  opening  artfully  contrived.  Behind  the  partition, 
at  the  distance  of  two  or  Ifaree  feet,  place  another  mirror.  G  H, 
of  the  same  sine  as  the  former,  and  let  it  be  diainetHcaHj  oppo- 
lite  to  it.  Both  the  mirrors  here  used  ma;  be  of  tia,  or  gilt 
pasteboard ;  this  experiment  not  requiring  sacb  as  are  yctj 
accurate.  At  the  point  C,  let  there  be  placed  the  figure  of  a 
man  seated  on  a  pedestal,  and  let  hia  ear  be  placed  exactly  in 
the  focns  of  the  first  mirror ;  his  lower  jaw  most  be  made  to 
epen  b;a  wire,  and  shot  b;  a  spring;  and  there  may  be  another 
wire  to  move  the  eyes :  these  wires  mnst  pass  through  the 
figure,  go  under  the  floor,  and  come  up  behind  the  partition. 
Let  a  person,  properly  instructed,  be  placed  behind  tbepartition 
neartne  mirror.  Yon  then  propose  to  any  one  to  speak  softly 
to  the  statue,  by  patting;  his  month  to  the  ear  of  it,  assuring 
fcim  Ihnt  It  will  answer  mstantly.  Yon  then  give  the  signal  to 
the  person  behind  the  partition,  who,  by  placing  bis  ear  to 
the  focus  I,  of  the  mirror  G  H,  will  hear  distinctly  what  the 
other  said  ;  and  moving  the  Jaws  and  eyes  of  the  statue  by  the 
wires,  will  return  an  answer  directly,  which  will,  in  like  man- 
aer,  be  directly  heard  by  the  first  speaker, 

3.  TktOntimtmietUiv  Bu*U,Sg.  1&,  two  pi aster-of-paris figures, 
placed  on  pedestals,  on  the  opposite  sides  of  a  room,  form  an 
.elegant  and  amnslag  illusion.  A  lube,  one  inch  diameter, 
passes  from  one  head  to  the  other,  through  the  pedestals, 
ander  the  floor,  and  the  whole  is  so  disposed  that  no  appear- 
ance of  communication  is  visible.  Bat  when  a  stranger 
■peaks  quite  low  into  the  ear  of  one  bust,  the  words  are  rever- 
Mrated  through  th«  tube, 


Wd  are  very  distinctly  heard  issuing  from  the  month  of  tbs 
other  bust.  Two  tubes,  one  from  the  ear  to  the  mouth  of  each 
head,  afford  the  enjoyment  of  mutual  converse  to  two  persons, 
while  others,  standing  in  the  middle  of  the  room,  shall  not  hear 
what  is  (pokco.— The  telegrapbs  in  the  walls  built  by  the 
Romans,  were  flues,  by  means  of  which  orders  were  given  from 
one  station  to  another,  on  the  foregoing  principle. 

4.  I'AcOramiiir.tfeaiJ,  upon  the  principle  just  laid  down,  may 
have  also  a  series  of  wires  to  move  the  eyes,  lips.  Sic.  and  give 
the  image  ell  the  appearance  of  animation  while  it  discourses, 
Sach  machines  are  exliibited  at  fairs,  and  sometimes  in  London. 

A.  Tht  Solar  Sanala,  composed  of  dials,  spring  clocks,  and 
0MMa  tubes,  is  as  complex  a  piece  of  mechanism  as  an  organ, 
ftBd  of  no  otiier  utility  than  to  shew,  that  the  rajrs  of  the  sun, 
rectifying  spirits  in  a  Klasi  tube,  can  let  off  a  trigger,  and  so 
■et  a  musical  cluck  to  piay . 

6.  The  Aulomaion  Uarpiiehord,  is  a  common  harpsichord, 
pnt  in  motion  by  means  of  a  smoke-jack ;  the  wires  which 
communicate  with  the  keys  of  the  instrument,  being  concealed 
Irom  the  public.  This  machinery  may  be  applied  to  any  otbci 
keyed  instrument,  us  well  as  to  chimes,  «nd  ts  many  ailwr 
~  Mwhm  a  regular  continued  moticn  ;r  rcquti «&     An 


iDstmment  of  this  Mft  nay  be  considered  as  apcrpetnal  motinb, 
aocording  to  the  Tulgar  ticceptatien  of  the  term,  for  it  win 
never  cease  going  till  the  fire  be  extingaished.  or  some  parta  of 
the  machinery  be  worn  ouL 

7.  T%t  Ventoial  Symplum]/,  fig.  IS,  may  be  erected  at  the  top 
of  a  snmmer-house,  or  other  building*,  let  there  be  fixed  a 
vane  A  B,  on  which  is  the  pinion  C,  that  takes  the  toothed- 
wheel  D,  iixed  on  the  axis  E  F,  which  at  its  other  end  carries 
the  whert  G,  that  takes  the  pinion  H.  All  these  wheels  aad 
pinions  arc  to  be  between  the  roof  and  ceiling  of  the  bnilding. 
The  pinion  H  is  fixed  to  the  perpendicular  axis  I K,  which 
goes  down  very  near  the  wall  of  the  room,  and  may  be  covered 
after  the  same  manner  as  bell  wires.  At  the  lower  end  of  the 
axis  IK,  tbereisasmallpinion  L-,  that  takes  the  wheel  H,  fixed 
on  the  axis  of  the  great  wheel  N  O.      In  this  wheel  there 


mnst  be  placed  a  great  number  of  stops,  corresponding  to  the 
tunes  to  be  played,  and  these  stops  are  to  be  moveable,  that  the 
tunes  may  be  altered  at  pleasnre.  Agaicst  this  wheel  there 
mnst  hang  13  small  bells,  answering  to  the  notes  of  the  gamut. 
Therefore,  as  the  wheel  turns  round,  the  stops  striking  against 
the  bells,  play  the  several  tunes.  But  tbere  should  be  a  By  to 
the  great  wheel,  to  regalate  or  equalize  its  motions,  when  the 
wind  is  strong.  The  wheel  N  O  may  be  enclosed  in  a  case  ; 
and  of  the  several  bells,  one  may  be  a  tenor,  another  a  treble, 
a  third  bass,  in  order  to  play  different  tunes,  according  to  the 
siae  of  the  wheel :  and  the  bells  being  small,  their  chimes  will 
be  the  more  pleasing,  if  they  are  cast  of  silver  alone ;  or 
glasses  may  be  used,  and  so  disposed  as  to  move  freely  at  the 
sound  of  the  stops.  This  maehioeiy  may  be  applied  to  a 
barrel-organ,  and  many  other  uses. 

ACRE,  the  universal  measure  of  land,  containing  4  aqnare 
roods  1  each  rood  being  40  perches,  or  16}  feet.  In  some 
places,  the  perch  or  pole  runs  from  10)  to  '2S  feet  The  sicre 
18  divided  into  to  square  chains,  of  22  yards  each,  t. «.  4840 
square  yards.  The  acre  in  Scotland  contains  6  square  roods; 
one  rood  contains  40  square  falls  ;  one  square  fall  ,10  square 
ells;  one  square  ell  Bfeet  square,  and  73  square  inches ;  one 
square  foot  144  square  inches.  The  Scots  acre  contains  also 
10  square  chains :  the  chain  34  ells,  of  100  links,  each  8  ^ 
inches;  and  therefore  one  square  chain  contains  10,000 square 
links.  The  French  acre,  arpent,  contains  1}  English  acre,  or 
M,4fiO  square  feet 

ACROMION,  in  Anatomy,  the  upper  part  of  the  shoulder 
blade. 

ACRONICAIi,  in  Astronomy,  the  rising  or  setting  of  a  star 
when  the  sun  is  setting. 

ACROSPIRED,  in  malt-making,  is  the  grains  shooting  both 
at  the  root  and  blade  end. 

ACROSTERIA,  in  Architecture,  small  pedesUls  usually 
without  bases,  serving  to  support  stataes.    Also  the  sharp 

K'lnnacles  placed  in  ranges  about  flat  buildings,  with  rails  and 
Blasters. 

ACROSTICHUM,  in  BoUny,  a  genns  of  pItmU,  in  tke 
class  Cryplagamia,  order  Pitices. 

ACT  or  P^RLUMRNT.  A  law  passed  by  the  two  houses  of 
parliament,  and  sanctioned  by  the  royal  signature. 

ACTS  OF  THE  Apostles,  one  of  the  sacred  books  of  the  Now 
Teitnmen*,  written  by  St.  Luke,  iU»nt  the  e4th  year  of  Une 


DIOTIONARV  O*  MWHAMOAI.  SOIRNCI. 


ChristiiB  vm  AowBK  tl»  •pnrioai  Acta  of  the  ApcMt1«»,  w« 
aay  reckon.  I.  Tbc  AcU  of  Abdiu.  bitbop  of  BabytoB ;  i,  the 
Aets«r8t.P«ter:  a.  the  AoU  of  St.  Pknl  t  4,  of  Sb  John;  O-of 
St.  ADdKW :  0,  of  8L  Tbomms ;  7,  of  St.  Philip ;  ud,  8,  of  St. 
llkithia*. 

ACTjBA,  m  pUut  prodncinic  bane-beme*,  wboM  jnioe  givet 
m  toe  drep  btaok,  if  liscd  with  ftlum. 

ACTION,  IB  PuntiDg  and  Soulptaro,  it  the  attitoae  or  po>l- 
tioB  of  die  aevend  paru  of  the  face,  bodr.  and  liaba,  (o  (hew 
ttat  the  Mbjecta  are  really  actuated  by  the  paMloai. 

ACULEiC  in  the  Han^e,  the  motion  of  a  boraa,  when,  in 
«orkiB|[  apon  vollj,  be  goei  pat  forward  enooKh  at  eaeh  botc- 
Mcat,  ao  that  hi*  iboulders  are  not  advanced  enoagb,  tad  Ui 
ctoap  come*  too  near  the  centre  of  the  volt. 

ACUTE  Ahqle,  an  angle  leai  thaa  a  rifbt  angle.  AttU' 
■^Ifrf,  A,  a  triangle  haTioK  all  its  angiea  acnte.  AfMlt-^ngUd 
mm*,  a  right  cone  whoae  axil  makea  a  rijchl  angle  with  ita 
■de.  AnUt  tetu,  va  Muiic,  a  tone  high  oraharpin  compariion 
«f  Mxne  other  tone.  AciUt,  in  diaeaaea,  aach  aa  come  rapidly 
to  a  crisii. 

AD  VALOREM,  in  Commerce,  aceordii^  to  valne. 

ADAGIU,  in  Mutic,  Mofily,  leiaarcly. 

ADAMl  PoHUK,  «  protuhrrance  in  the  ftfrepaTt  of  the 
throat,  fonn^d  by  the  oi  liycidt$.  and  vulgarly  attributed  to  a 
piece  of  the  forbidden  apple  that  stuck  in  our  great  progeni- 
tor'* thrnat. 

ADANSDNIA.  a  plant,  the  Ethiopian  aour-gonrd. 

ADATAIS,  a  very  fine  mualin  nf  India. 

ADDEPHAGIA,  the  diaease  of  gluttony. 

ADDER,  the  viper.  AMer-ttu»g ;  for  the  care  of  snch 
bites,  some  nse  ointment  made  of  dragon'x  blood,  with  a  little 
bailey  meal  and  the  whites  of  eggs.     A'Idtr  wort,  the  same  as 

ADDITION,  the  joining  or  nnjting  of  two  or  more  Ihinga 
together ;  or  the  fiodiug  of  one  qaaDtily  equal  to  the  inm  of 
lay  number  of  other  thinj^s  taken  together. 

Addition,  in  Arithmetic,  is  the  first  of  the  four  fundamental 
mlea  of  that  science  1  and  consists  in  findings  tinmber  equal 
t«  several  others  taken  together  ;  which  number  is  generally 
mUc4  the  mm.  Addition  is  either  simple  or  compound ;  the 
Ifat  relates  to  quantities  which  arc  all  of  the  same  kind  or 
ir»i  mi  nation;  and  the  latter,  to  quantitiea  of  different  deao- 

timfh  AnitiTioN,  is  the  method  of  collecting  several  nam- 
bera  of  tbc  same  denomination  into  one  sum.— Ante  1.  Place 
the  Bamberi  under  each  other,  so  that  units  may  stand  nnder 
aaita,  teas  nnder  lens,  and  hondreds  under  hundreds,  and  so 
•a:    drawing    a   line    below    them.       r-     •  k    i 

1  Add    ap  the  figures  in  the  row  of       ■"•  **  ■*"■  *' 

laits,  and  find  how  many  tens  are 
eaatained  in  their  sum.  3.  Set  down 
wbal  remnins  nbore  Uie  tens,  or.  if 
■athing  remains,  a  cipher;  and  carry 
as  many  units  as  there  arc  tens,  to 
Ike  aeat  row.  4.  Add  np  the  second 
sow,  together  with  the  number  car- 
tied,  in  the  same  mnnner  as  the  first; 
s   till  the  whole  is 


7468 

3468 

3417 

136: 

MPa 

giK 

6M7 

346) 

413a 

78(3 

3h;8A     Sums      SSTOQ 


Pnof  uf  Addition.  Cast  up  the  several  lines  a  second 
lime,  omitting  one  of  them  ;  and,  llnnlly,  add  tbc  line  thus 
omitted  to  ike  sum  of  the  other  quaniiiici ;  and  if  in  this  man- 
■ri  the  same  result  is  obtained  as  in  the  first  operation,  it  ia 
highly  probable  that  the  work  is  Hnht.  Other  methods  of  proof 
mar  be  seen  in  most  authors  on  this  snbje<^ 

rwmpammd  Ai>niTio>.  is  the  method  of  eollectiog  several 
quuitici  of  different  denominatinni  into  one  snm. — Rule  1. 
PUre  the  quantities  so  that  those  of  the  name  denominations 
staad  diroctly  under  carh  other ;  and  draw  a  line  below  them. 
1.  Add  np  the  figures  in  the  lowent  denomination,  and  find  how 
■any  nnits  of  the  next  higher  denomination  are  contained  in 
tteiv  asm.  3.  Write  down  the  remainder,  and  carry  tbeae 
■■ta  to  tka  neat  higher  denomination :  which  add  up  in  the 
same  manner  aa  before ;  and  tha<<  proceed  Ihroogh  alt  the  dif- 
fcicat  deanmiaations  to  the  highest ;  and  this  sum.  together 
iNh  tb»  Mvaral  ronalndors,  will  give  the  answer  reqniriid. 


So  mi 


T4B.    Ft.    la. 
3.     17       I     11 


136    3       71 


The  method  of  proof  is  the  same  as  in  the  former  rule. 
AoniTioN  of  Frmeliatu,  i»  the  adding  Into  one  anm  several 
fractious  of  the  same,  or  of  different  denominations. — RuU  1. 
If  the  fraetjnns  are  of  differeal  denomi nations,  they  mnat  ba 
Arst  rednnnd  to  the  same  denomination.  3.  Kednce  all  mixed 
nmnhera  to  improper  fractions  ;  and  all  f^acllnas,  having  dif- 
Arent  denominator*,  to  the  same  denominator.  3.  Add  all  the 
nameratora  into  one  anm ;  which,  placed  over  the  commoa 
draominator,  will  be  the  answer  required. 

ExaimU*.~\.  Add  together  the  frvctian  |, ).  and  f. 
_    .   ,      «s  .      14  ,     10     ,^       «   ,    14,    !•_«» 
«»••»=»•  t=75't=To'  u«..-  +  55+j5=ij. 
.  Required  the  mm  of  |  of  a  shilling,  |  of  a  gninea,  and  ( 


of  a  pound. 
4ofngniiien  = 

Therefore,  I  J.  ^ -t  ^  =  Ji  + - 


^  Of  n  aUUing.  i  of  a  pomd  =  ^  of  a  BhUUi«. 


titles,  consialing  partly  of  integera  and  partly  of  decimali 
of  decimals  only. — RkXi  1.    Arrange  all  the  qnantiliea,  I" 
the  several  decimal  points   may  fall     p-^_-i.  i 
in  a  lino   directly  under  each  olbcr.    -^irC.'  '' 
3.    Add    np  the  several  lines  as  in 
simple  aifdition,  and  place  the  deci- 
mal point  in  the  result  exactly  unJrr 
those  In  the  numbers  proposed,  and 
it  will  be  the  snm  required. 

Addition  o^  drmUtitif  Drcimali,  is  the  finding  the  sum  of 
any  nnmber  of  circulating  decimals. — Rttir  1.  Reduce  all  the 
decimals  to  their  equivalent  fractions ;  and  the  snm  of  these 


aJ-if 

19143 
1OTI3 

143a 

-1176 
'1341 
744 
•14S8 

303-043  Snm* 

1J«8 

tends  till  they  become  c  .  .  .  _ 

their  periods  of  circulation  in  the  same  line,  and  let  also  tbe 
circulation  of  each  be  carried  two  figures  beyond  this  place ; 
then  add  as  above,  but  do  not  irt  any  figure  down  in  llie  Irst 
two  places :  carry  their  proper  number,  however,  tn  the  cunter- 
minons  period,  and  Uie  result  «ill  give  the  true  period  of  cir- 
culation in  the  sum  required. 

Etmmple.    Add  36;  78-3476;  4384;  la-fttogeflKr. 


43-84      =  43-84t»484t«    48 
l.VS        =:  la-MNXIOOO  I  (W 


The  Sum m>-!Wfi7llwi 

Addition,  in  Algebra,  is  finding  the  snm  of  several  alge- 
braic  quantities,    and  connecting  those  qnanlilie*  by  their 
proper  signs. 
Catt  1.— Wheuthe  qnanti-  EimmtU 

3«  +  '  2    I    —     4i 

im  +    3  z  —    as 

12  a  ■(•    17   X   —   180 


have  like  signs,  add  all 
the  eo-eVeients.  and  annex 
the  common  letter  or  Icl- 
tera.  and   prefix  the  com- 


18a 
43  8  ' 


IHa 


-  33  »  —  sn 


^^p 


MCTIOKARY  «R  M»0mAtMO$JU  tOflBnOS. 


(AC  K 


1. 

—  ar-f 

+  «  — 

+  *P  — 


4 
6 
1 
4 
13 


Examplet, 

2. 
— 7ai-f  3ftc—    ay 
—    a6  +  26c  +  4ay; 

3aft—    6c  +  2ay' 
— 2a(+4(c  — 3a:y 

6a6— 86c+    ary 


—  9x+9|— 2a6    ¥r      +3xyi 


GMt  9**-*Wbexi  tbe  (laantities  \are  Alike»  bilt  haye  aiilike| 
signuL  oolleol  tbe  pon^^  ^ 

iMMrfficitnts  4Bto  one  sum, 
ani  the  neggative  ones  into 
another.  Fioin  the  ^eater 
of  Ihese  snoM  subtract  tbe 
less,  and  to  Ihe  remainder 
preSx  tbe  sig^  of  the  great* 
er,  And  annex  the  common 
letters.     If  tbe    aggregate 

of  Ihe  j>otitive   terms  be    

e(|yal  4»  4bai  of  the  nega- 

tif  e  •nea,  their  tuiBS  will  be  =  0. 

The  maimer  in  which  we  generally  oaleolate  a  peiaon^  pro- 
perty, is  an  apt  illustration  of  this  rale.  We  denote  wbat  a 
jaaa  really  possesses  by  positi?e  nwnbers,  nsing  the  sign  -f  ; 
irheieas  ys4ebts  are  represented  by  negative  nambers,  tur  Ibe 
.aign^^  «ffeoting  those  numbers.  When  it  is  aaid  of  any  one 
that  be  has  100  crowns,  but  owes  50,  his  real  possession 
amounts  to  100—  60,  or,  which  is  the  same  thing  4-  100— ao, 
that  is  to  say,  50.  And  if  he  baa  in  possession  20  crowns,  bat 
owes  20,  bis  real  possession  amounts  to  20—20,  or  4- .20—  20 
s:  0.  He  has  nothing ;  but  owes  nothing.  But,  on  the  other 
bandy  tf  Jie  owes  70  crowns,  and  has  in  fats  possession  only  40, 
his  real  property  would  be  expressed  thns  —  70  4-  40.  Here 
4ds  debt  is  represented  by  the  negative  number  —  70,  while  lus 
real  possession  is  represented  by  the  positive  number  +  40. 
Bib  has  30  crowns  lees  iban  nunbing;  and  we  mght  express 
the  state  of  hfo  finances  —.30 ;  for  if  any  one  were  to  make  him 
m  preseat  of  ^isrowns  to  pay  this  deibt,  or—  80,  be  would 
only  be  at  the  point  nothing  (0),  though  really  richer  than 
wben  —  00  stood  againgt  his  ftiture  prospects  and  exertions. 
Debts^  or  money  owing,  are  therefore  as  much  real  sums  of 
neoey  as  eredits,  and  the  sign  +,  or  — ,  pofftrm  the  quantity 
or  number  that  follows  it.— In  the  language  of  Algebra,  a  and 
4«iay  aland  for  any  two  numbers  whatever,  and  tiierefoie, 
m  '^  b  stands  for  a  made  more  by  b.  Again,  a  —  b  stands  for  a 
JSiade  less  by  b ;  that  is,  for  the  difference  of  a  and  &,  (where 
h  is  supposed  less  than  a.)  Now,  by  -ttie  rule  of  Uase  2, 
a  +  *  and  a  —  ^,  added  together,  make  twice  a  (2  a) ;  therefore 
wo  dorive  this  Theorem :  If  the  sum  and  difference  of  any  two 
Bombers  be  added  together,  tbe  whole  will  be  twice  the  greater 
mraofber ;  for  if  «  -^  hhe  added  to  a—  ft,ibe  amn-is  ta. 

Addition  of  Algebraic  JFractions^  is  -findimr  the  aumof  any 
number  of  IcactiDna  expressed  by  means  of  intermediate  let- 
Jers. — Rtde.  Reduce  all  the  given  fractions  to  a  loommon 
denominator,  and  then  add  the  numerators  together  lor  tbe 
sum  required. 

Sxmmpkl.     JUM  ttogetber  ^ -f  ^' +    ^ 


6a 


12*»  ■*"    126>  "^  126> 


\2b» 

46  ""  I2F'  i2S»""  I2*» 
5c    _  lOab  -f  9a»6>  +  5c 


126* 


7« 


Ax 
Example  2.    Thus  also  we  find,  1^  +  —  = 


21jr      445_66ar 
33y       33y""33y 


Examples.    And,  Zj^±^  +  ^»7«y  =  7cx  +  4cy  ^ 
'^  3a6  a6c  3a6c 

15£— 9y_  7 cor  +  15x  +  4cy  —  9y  _  (7c  -f  I5)y  -h(4c  —  9)y 
3a6c  3a6c  3a6c 

Addition  ofSur^it,  is  the  finding  the  sum  of  any  number  of 
surd  expressions,  which  are  ioeigpressible  in  rafional  numbers. 
— Rule.  Reduce  all  tbe  given  ouantities  tottheir  siaiiplB  form ; 
then  add  the  co-efficients  of  toe  equal  radicids  (at  theaiua 
required.    Thus, 

s/    8+  >/ J8=2>/2+ 3>/2=r  6V« 

^/12^-^2r!=:2v^3^-3^/3=6A/» 

<yT08a«-f  ^J'32«=3a^4a  +  2  4^4a=(3«X  ^  ^ Am. 

ISaie^   When  the  quantities  are  reduced  to  their  loweat 
derma,  or  simplest  form,  and  have  different  radicals,  they  can 

£y  be  added  together  by  means  of  (he  sign  +  placed  between 
m.    Ttm,  «/  IB  ri-  «/  108^  ^  2  -f  6  >/  3,  cannot  be  re- 


dscad  to  «  sMpto  fofm^tinnibat-above;  -atad  the  saade  MOl 
irarioosiatbetfs. 

ADMTIONS,  m  MwAdtj,  jwe  Ahings  added  -to  -anna  -m 
macks  «f  baaoor ;  asbordnre,  qoartec,  casfton,  gyroa,  flik^  teh 

ADENANTHERA,  in  Botany,  bastard  flower-fence. 

ADHESION,  in  Medianical  pbyosapfay,  Urn  aaara  i«dth 
cohesion,  denotes  that  aMraotion  which  takes  ^plaoe  betapaea 
bodiesy  anly  when  they  ase  at  :?ery  taatt  diataneea  Cram  imch 
other.    Sae  Cohbbion. 

ADIT,  a  passage,  or  entra&oo.  Tbe  aiftft t>f  vdnea  aretbaaa 
boles  or  apertures  by  which  they  are  enlened,  or  hf  which 
Jtbe  ores  and  waters  aae  ctanied  awiqra  Mtuk  the  miii  laiamse^ 
:times  merely  aa  air-ahafiL 

ADJUDICATION,  kt  tSoota  law,  the  name  t^  tbe  aotMa  hf 
wiiicb  a  creditor  attaohea  the  heritable  estate  of  bis  debtor. 

AJ^MINiSTRATOR,  be  to  whom  4be  ordinary  oDmmila  iba 
adnriaistratioa  af  tbe  goods  tif  a  persaa  •deceaaed,  m  defiauU  «f 
Ao  exeotttor. 

ADMIRAL,  a  f^eat 'Officer  of  the. aairy;  the  caamandea-iB* 
chief  of  a  fleet 

AD0RAT10JN,the  aetef  perfonaiiiff  tbe  rcfUgioiis  worsfaSp  of 
the  Almighty. 

Ai>VANC£D  J>itek,  4a  FortifioatiQii,  thai  trench  which 
aurrauads  the  glacis  or  esplanade  of  a  pkMse.  Advemeed  pueand, 
tbe  first  line  of  aa  annQr;  uauaUy  at>arty  of  terae  statioBe^ 
before  (be  main  g^ard. 

ADTTUM,  tbe  mostaeanet  part  of «  heathen  temple. 

iEGILOPS,  the  name  of  a  tumor  ibtd  sometimes  gathers  in 
the  great  angle  of  the  eye,  either  wilb  or  witiaiat  ImflBmaiation. 
Vhe  method  of'oore  is  Ibe  aame  ^ts  that  af  ite  ophthalmia;  but 
before  it  has  reaohed  the  lacAiymal  ipassaises,  at  as  tmapi^ei 
Jike  other  'Uloera.  If  the  Mtyops  be  nogleeteii,  st  bonta,  aad 
degenerates  into  a  fistula,  which  eats  into  the  bone. 

jBGlPHll.^,  ia  Botaay,(geai'a  intmd. 

iBaOPODIUMl,  small  wild  angeliea,  ifovH^imi,^  gaatts 
foot. 

MOhUSf  in  liecbaaiea,  a  small  iportable  rnaebim,  for 
Tafcasbiag  aad  cbai^ag  the  air  inrooaM,  adapted  uiits<dimeah- 
SMws to  aapply  ibeplaqe  of  a  aquare  «>f  f^ass  la  a  aaab  wiodow^ 
4Uid  exeouted  in  ao^amaH  a  eompaas,  as  4o  projeot  but  a  iitHe 
mwf  fvom  the  aash;  and  4a  so  neat  a  maaoec,  as  to  be  aoiale- 
.gaat  ornaoroait  to  the  flaae  where  *it  Is  fiaed.  It  works  adtli^ 
out  the  least  noise,  requires  no  attendance,  an^  <>ooaaioaa 
^neither  trouble  nar  'e^[>ea8e  4a  4ii«ep  it  ia  order.  It  thvawa  in 
oi^y  snob  A  quantitgr  af  air  as  ia  agseeaUe ;  and  lesves  «€* 
woddag  of  itself  uKbeaeaer  the  door  or  window  is  opened. 
^  2BEA,  in  Chronology,  or  Epoeha,  is  a  certain  fisEed  point  af 
time,  made  famous  by  some  remarkable  event,  from  raicbfaa 
'from  «  root,  the  ensuing  years  are  numboMd  or  4)ompoted« 

I.  The  ^a  of  ike  Creaiian,  according  to  the  Jewiah  •caknla* 
tioB,  is  the  year  of  the  Julian  period  063,  answering  ta  die 
year  3701  before  Christ,  tend  commeiiotng  on  ithe  7th  of  Odo* 
ber.  Archbishop  Usher  fixed  the  creation  of  tbe  warM  4004 
years  before  the  birth  of  ChnsL 

3.  The  Mra  of  the  Olywtpiade.  This  method  of  eoa^Mtatifli 
bad  its  name  from  the  Olympic  games,  which  were  celebrated 
every  4th  year,  near  the  city  of  Olympia,  in  Peloponnesus.  The 
first  Olympiad  commenced,  Aocording  to  someohronologers,  ia 
the  year  3038  of  the  Julian  period ;  the  year  from  the  eaeada» 
iai74,  the  year  before  Christ  774,  and  24  yeara.  (as  ^enw  will 
bave  it  38  years,)  before  the  boildipg  of  Rome.  The  Olympiads 
were  also  called  ^nat  IpkUU  from  i^Aalai,  wboioalitiited.'ar  at 
least  renewed,  tbe  solemnity  af  'the  <Glymp&c  'goBMS.  Wie  da 
not  find  any  computation  bgr  Olympiads  afitor  tbe  3i4lH,  wbieb 
ended  with  the  year  of'ChBiat  440,»€a4scqp4  abat,  ia  a^ihartor  af 
our  king  Etheibert,  the  shears  taf  bis  aeign  tare  aaid  to  be 
reckoned  by  Olympiads.  This  sietbad  'Of  Bsokoak^  was  ibU 
lowed  by  tbeianoieBt  Oreeks. 

3.  Tha  JBrm  rfihe  Bwldwff  of  Mmne ;  wbidb  took  pUoe  ,kJIL 
(i.  a.  ia  the  year  of  the  world)  ai07,  atad  B.  C.  (befoas  Oanaft 
7612  or  768.  This  baa  alao  been  oatted  4he  Vmrrmmm^md^ 
being  first  introduced  by  Teaentius  V^urro.  Tbe  ancieat  RaaMia 
biatorians  naually  follow  this  apaoh,  wbieb  is  leforMd  to  ihmwk 
A.  U.C.  (tbatia.  Anno  Urbie  Condiim,  or  tbe  Year  af  BniUMHT 
thcCiU.) 

4.  1%€  Mm  qf  Selmcne  wan  /oUawed  by  tbe  fijNra<AUfla- 


A  E  R 


DICTIONARY  OP  MECHANICAL  SCIENCE. 


A  E  R 


18 


tioniani ;  Seleacas  the  Great  having  disused  the  era  of  the  | 
OlymiMaids,  and  reckoned  from  the  beginniDic  of  his  own  reifcn, 
whii-h  »  as  twelve  years  after  the  death  of  Alexander.    The  era 
of  Seleucus  commences  with    the  retaking  of  Babylon  by 
Selrueus  in  the  year  of  the  world  3002,  and  before  Christ  312. 

5.  The  ^fm  of  Diadeiimn  was  introduced  in  honour  of  the 
emperor  of  that  name ;  it  has  also  bern  called  the  ^Va  of  the 
Morttfrs^  from  the  vast  number  of  Christians  who  were  put  to 
death  durinic  the  Dioclesian  persecution.  This  vra  commenced 
in  the  >ear  of  Christ  284,  and  was  long  followed  in  the  west. 

&  The  Vmlgnr  or  Christian  ACra,  (or  of  A.  D.)  This  was  not 
fully  setth'd  till  the  year  527;  when  Dionysius  Exiguus,  a 
Komaii  abbot,  fixed  it  to  the  4713th  year  of  the  Julian  period, 
which  was/aMr  years  too  late.  It  is,  however,  now  so  gene- 
rally received,  that  this  gross  error  in  calculation  is  disregarded. 

7.  The  Ihgira^  or  Turkith  ACro^  took  its  rise  from  the  false 
prophet  Mohammed's  flight  from  Mecca  to  Medina,  on 
Friday.  July  10,  A.D.  022.  It  is  a  lunar  year,  beginning  with 
the  new  moon  of  that  time,  which  is  tlie  reason  of  the  re- 
card  for  crescents  in  the  East,  where  they  rise  on  every 
ihifsc|uc.  In  order  to  know  in  what  year  of  the  vulgar  lera 
my  gi\rn  year  of  the  llegira  falls,  the  student  should  reduce 
Till-  lunar  years  into  solar  years,  and  add  the  numbor 
*£^.  Thus.'the  year  1221  of  the  Hegira  corresponds  with  the 
yrt^r  1H(M{  of  the  \ulgar  a;ra;  it  commenced  on  the  21st  day 
of  March,  IHUU,  and  terminated  on  the  llth  of  March,  1H07. 

«*.  The  .lira  of  the  French  Rerolutitm. — As  this  B?ra  is  cod- 
»t.'intly  referred  to,  by  French  writers,  during  tho  period  that 
France  was  under  republican  government,  a  fow  partiouftars 
niucernini?  it  may  assist  the  reader^s  historical  atudiesi  The 
rra  in  question  was  substituted  for  the  vulgar  or  Christian 
»ra.  in  all  public  and  civil  instruments,  by  virtue  of  the  decree, 
ii^urd  by  the  National  Convention,  on  the  5th  October,  1793. 
li  commenced  with  the  epocha  of  the  foundation  of  the  repub- 
lic, i.  e.  on  the  22d  of  September,  17112,  of  the  vulgar  nra ;  on 
liir  rodrning  of  which  day  the  sun  arrived  at  the  true  autumnal 
ti)iiin«>\,  at  18  minutes  and  .3(>  seconds  past  nine  o'clock. 
(Paris  time.)  In  the  new  calendar,  the  months  consisted  of 
3o  days  racli.  divided  into  three  decades  ;  witli  five  intercalary 
d:i>  s  to  complete  the  year.  The  names  of  the  months  were 
adapted  to  the  climate  of  Paris,  thus:  VenHemiaire,  or  vintage 
Donth  :  Brumairt^  or  foggy  month ;  Frimaire,  or  sleety  month ; 
.\rr«if«,  or  snowy  month;  Pluviose,  or  rainy  month;  Veniose,  or 
windy  month ;  Germinal^  or  budding  month ;  Fioreal^  or  flowery 
■Htnth :  Proiriol,  or  meadow  month ;  AiesMor,  or  harvest 
month ;  Thermidor.  or  hot  month ;  and  Fruetidor,  or  fruit 
month.  This  H*ra  (the  experiment  of  an  infidel  philosophy) 
was  abolished  by  Buonaparte,  and  the  Christian  era  recom- 
mrncpd  with  1800. 

AERIAL.  Perspective,  if  that  which'  represents  bodies 
ifimini.^hed  and  weakened  in  proportion  to  their  distance  from 
ihve^r;  but  it  relates  principally  to  the  colours  of  objects, 
ahich  are  less  distinct  the  greater  the  distance  at  which  they 
wr  %ir«rd. 

AKROLITHS.  air-stones,  a  name  given  to  those  solid  semi- 
metallic  substances  which  fall  from  the  atmosphere.  The 
drvent  of  such  bodies  had  been  long  reported ;  but  the  fact 
«J4  not  eonxidered  authentic  till  within  a  few  >ears :  it  is  now 
*u  veil  established,  that  there  is  no  hmger  any  doubt  on  the 
•abjrrt,  several  cases  having  been  attested  by  e>e-witnesses 
of  undeniable  veracity.  The  larger  stones  have  been  s«-en  as 
laminoas  bodies,  moving  with  great  velocities,  desfenclin?  in 
olihque  directions,  and  frequently  with  a  loud  hisHing  n«»ise, 
rr «rabling  that  of  a  mortar-shell  when  projected  from  a  pircc 
of  ordnance ;  they  are  sometimes  surrounded  with  a  fliime, 
tip^rins  off  to  a  narrow  stream  at  the  hinder  part,  are  heard 
Ui  rxplode,  and  seen  to  Ay  in  pieces.  The  velocity  with  which 
Thei  itJike  the  earth  is  very  great,  frequently  penetrating  to  a 
omiidrrable  depth,  and  when  taken  up,  have  been,  in  some 
ra^es.  found  to  be  still  hot,  and  bearing  evident  mnrks  of 
rrcpot  fosion.  Such  falls  have  happened  during  a  thunder 
utorm,  or  when  the  sky  has  been  clear  and  serene ;  wheiiee  me 
■afer  tliat  these  phenomena  are  nneonnected  with  the  state  of 
tb»  atmosphere.  The  most  remarkable  characteristics  of  these 
t:->i«es  is.  that  they  resemble  each  otlier ;  yet  they  are  totally 
dif erent  from  any  known  terrestrial  substance ;  and  present, 


in  all  eases,  the  same  appearance  of  semi-metallic  matter, 
coated  on  the  outside  with  a  thin  black  Incnistaticm.  It  is  not, 
however,  in  appearance  only  that  their  similarity  is  diseuierrd ; 
they  have  been  submitted  to  chemical  analysis,  in  all  casea 
yielding:  the  same  substances,  and  in  very  nearly  the  same 
pn>|KM-tions.  The  stone  uhich  fell  at  L*  Vigle  in  France,  in 
IHCK),  was  found  to  contain  54  purts  of  silica;  30  ofox^de  of 
iron ;  i)  of  magnesia ;  3  of  ox}de  of  nickel ;  2  of  sulphur :  I  of 
lime.  Aim!  all  that  have  lieen  analysed  have  given  nearly  the 
same  results.  The  specific  gravity  of  these  Inidics  ia  aUo 
nearly  the  same,  execeding  common  stone,  and  approaching 
that  of  metallic  ores,  being  alxmt  3.4()U,  or  nearly  3)  times 
that  of  connnon  water.  These  general  coustunt  characters 
indicate  a  common  origin,  and  hypotheses  have  been  advanced 
to  account  for  these  singular  phenomena.  Some  attribute 
them  to  terrestrial,  and  others  to  lunar,  volcanoes ;  they  have 
again  been  supposed  to  be  concretions  formed  in  the  region* 
of  our  atmosphere ;  while  others  have  considered  them  as  small 
planets  circulating  about  the  sun  or  earth,  which  cominir  in 
contact  with  our  atmosphere,  take  fire  from  the  resistance  and 
friction  they  experience  in  passing  through  it. 

With  regard  to  the  first  supposition,  rir.  that  these  stones 
proceed  from  terrestrial  volcanoes,  it  will  be  sutiicient  to 
observe,  that  no  remarkable  eruption  has  been  known  to  have 
happened  at  or  near  the  time  of  their  fall,  and  that  such  bodies 
have  been  found  at  the  distance  of  some  iJiousaiid  miles  from 
any  known  volcano;  besides,  the  immense  force  that  would  b<} 
necessary  to  project  bodies,  somo  of  them  of  many  hundred 
weight,  to  so  great  a  <listance,  far  exceeds  any  force  that  we 
can  conctrive  to  arise  from  volcanic  eruptions.— As  to  the 
theory,  that  they  proceed  from  volcanoes  in  the  moon,  it  baa  a 
greater  degree  of  probability.  The  same  force  that  would  pro> 
ject  a  body  from  the  naoou  to  the  earth,  would  not,  if  it  were 
exerted  at  the  earth's  surface,  send  the  same  body  to  tJie  dis- 
tanee  of  ten  miles ;  inconsequence  of  the  superior  gra\ity  of 
our  planet,  and  the  density  of  the  atmosphere.  It  is  computed, 
that  a  body  projected  from  a  favourable  spot  on  the  nioun's 
surface,  say  the  centre  of  her  disc  opposite  the  earth,  with  a 
velocity  about  four  times  that  commonly  gi\cn  to  a  cannon 
ball,  or,  8220  feet  per  second,  would  carry  it  be\ond  the  centre 
of  attraction,  and  consequently  into  the  sphere  uf  the  earth  s 
activity  ;  whence  it  must  necessarily  either  fall  to  the  surface 
of  the  earth,  or  circulate  about  us  as  a  satellite.  The  time  a 
body,  so  projected,  in  its  passage  from  the  moon  to  tlie  eaitli. 
would  take  three  days;  which  is  not  so  long  but  that  it  mi>:Iit 
retain  its  heat,  particularly  as  it  is  doubtful  whether  in  passing 
through  a  vacuum,  or  very  attenuated  medium,  it  would  be 
possible  for  the  calorie  to  escape,  not  to  say  that  it  miirht 
acquire  a  fresh  accumulation  of  heat,  by  passing  through  the 
denser  parts  of  our  atmosphere.  ISesides,  eruptions,  resem- 
bling those  of  our  volcanoes,  have  been  frequently  observed  in 
the  moon,  and  her  atmuspiiere  is  extremely  rare,  presenting 
but  little  resistance  to  projcrted  bodies:  it  will  then  be  .seen 
that  this  hypotlieMs,  though  apparently  extravagant,  is  much 
more  probable  than  the  one  we  before  examined. — With  regard 
to  tlie  tJieory  of  thesis  bodies  be  ing  coiicn'tiims  formed  in  the 
air,  there  is  one  principal  objeetiun,  viz,  that  the  velocity  with 
which  they  strike  the  earth,  estimated  by  the  depth  to  which 
the}  ha\e  been  known  ti>  penetrate,  is  so  threat  us  to  indicate 
their  ha\ink;  fallen  from  lieiKhts  far  exceeding  the  limits  of  the 
terrestrial  atmosphere.-  -It  only  remains  to  notiec  the  supposi- 
tion of  their  beiriL;  little  planets,  uliieh  in  the  course  of  their 
revolutions  iret  entangled  in  our  atmosphere,  and  by  the  resist- 
anee  thev  e\pfrien<'e,  h.i\e  tlnir  projectile  velocity  destroyed, 
which  brings  them  to  the  eaith.  (Jn  this  hypothesis  it  is  difti- 
eult  to  acextunt  for  the  Ktronjr  appearance  of  recent  fusion  that 
these  l>odies  possess,  w  hich  can  hardly  be  attributed  to  the 
friction  experienced  in  passing  through  the  medium  of  our  air. 
Besides,  it  would  exhibit  the  fir>t  mark,  wliieh  any  where 
appears,  of  want  of  order,  uniformity,  and  durabiiify,  in  thi: 
works  of  the  Deity:  to  have  this  grand  machine  tiius  tallini; 
to  pieces  and  to  'deca\,  from  the  mere  operation  of  external 
causes,  but  ill  acertrds  with  that  wisdom,  power,  and  umni- 
ffcience,  which  are  no  strongly  indicated  in  all  the  wocks  of  the 
creation.  The  difliculties.  however,  are  fairly  statetl,  aud  the 
reader  of  course  will  draw  his  own  couclusiuus. 
B 
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The  following  is  an  Abstract  of  a  Table,  drawn  up  by  M.  Izarn,  a  Philoiopher^  who  has  paid  great  attention  to  this  subject ;  tl 

exkibitt  m  eottectian  of  the  best  authenticated  modem  mstanees  of  these  phenomena. 


8UB8TAM0B8. 


PLAOBB  WBBRB  THBT  FELU 


PERIOD  OF  THEIR  FALL. 


TESTIMOHT. 


8how(T  of  stones 

Shower  of  stones 

Shower  of  iron 

Shower  of  mercury 

A  very  Urge  stone   

Three  large  stones   

Large  stone  of  2001b ••• 

Mass  of  iron,  14  quints. •••••••••• 

About  1200  stones;  one  of  1201b, 

another  of  001b 

Stone  of  501b •  •  • . 

Two  large  stones •  • . 

Stoneof721b 

Shower  of  sand  for  16  hoars 

Shower  of  stones •  •  •  • 

Shower  of  stones 

A  stony  mass •...«.••• 

Two  stones  of  200  and  3001b 

A  stone  of  7|11k 

A  stone 

A  stone 

Great  shower  of  stones 

Twelve  stones 

A  stone  of  561b 

A  stone  of  101b 


.at  Rome  •••••••••• Tallins  Hostilios ^Y7' 

. at  Rome ...•••••••••••«••••  Cons.  C.  Mar.  and  M. Torq. . . J,  Obscquens. 

.in  Lncania  ; • Age  of  Crassus PJ^Qy* 

,ia  Italy unknown Dion. 

.  noar  the  river  Negos, Thrace.  •  second  year  78  Olympiad. . . .  Pliny. 

in  Thrace before  Christ  452 Ch.  of  Count  MarcelUn. 

Ensisheim,  Upper  Rhine  . . .  .November  7,  1482 Butensohoen. 

Abakank,  Siberia very  old Pallas,  Chladni,  &g. 


\  •  Padua,  in  Italy in  1510. 


Cardan,  Vascit. 


A  stone  of  201b | 


Shower  of  stones < 

A  stone  of  201b 

Mass  of  iron,  70  cub,  ft 

Several  stones,  from  10  to  171b. 


On  Mount  Vaiser  Province.  .November  27, 1627 Gassendi. 

.Ireland in  16^ Musscbenbroeck. 

.Macedonia ^r January,  1706 Paul  Lucas. 

.in  the  Atlantic April  6,  1700 ,P^re  la  Feuill6e. 

.  Barboutan,  near  Roquefort. ,  July,  1738 Darcet,  jun.  Lomet,  &c. 

.  at  Plann,  Bohemia July  3, 1753 B.  de  Born. 

.Niort,  in  Normandy in  1750 De  Lalande. 

.near  Verona ...in  1762 • Acad,  de  Bourd. 

.  at  Luce,  in  Le  Maine September  13, 1768 Bachelay. 

,at  Aix,  in  Artois in  1768 Gurson  de  Boyaval. 

.in  La  Contentin in  1768 ..•• Morand. 

Environs  of  Agen • July  24,  1790 St.  Amand,  Baudin,  &.c. 

>  Sienna,  Tuscany Jolyt  1794 Earl  of  Bristol. 

Wold  Cottage,  Yorks December  13,  1795 Captain  Topham. 

,in  Portugal February  19,  1796 Southey. 

^IttoST!'*'!".!"! .?!!  !^!  }  •  Ma^h  17,  ITDS De  Drte. 

Benares,  East  Indies December  19,  1798 Lloyd  Williams,  Esq. 

Sales,  near  Villa  Franehe. . . .  March  12, 1798 Ze  Dr^e. 

America April  5,  1800 Philosophical  Magazine. 

near  TAigle,  Normandy April  26, 1803 Fourcroy. 


AEROGRAPH  Y ,  a  description  of  Che  air,  or  atmosphere,  as 
to  its  limits,  dimensions,  properties,  &c. 

ABROMETRT,  the  science  of  measuring  the  air,  its  powers, 
and  properties ;  including  the  laws  of  motion,  g:ravitation, 
pressure,  elasticity,  refraction,  condensation,  &c.  of  the  atmo- 
spheric fluid.    See  Pneumatics. 

AERONAUT,  a  person  who  floats  aloft  in  the  air  in  a 
balloon. 

AEROSTATION,  the  art  of  navigating  the  air,  both  in  its 

Principles  and  practice,  in  aerostatic  machines,  or  air  balloons. — 
Jo  discovery  was  ever  made,  which  drew  after  it  more  general 
admiration,  or  excited  more  extravagant  hopes,  tiian  the  art 
of  aerostation ;  yet,  after  the  lapse  of  40  years,  slender  indeed 
have  been  the  additions  made  to  science  by  its  discoveries, 
while  humanity  has  had  to  mourn  over  the  loss  of  several  indi-* 
Tiduals  of  spirit  and  enterprise. 

The  Principles  of  Aerostation  are  simply  these : — 1.  Any 
body  which  is  specifically  lighter  than  the  air,  bulk  for  bulk, 
will  be  buoyed  up  by  it,  and  ascend,  till  it  enters  a  stratum  of 
the  atmosphere  in  which  the  weights  are  equal,  and  then  it  will 
remain  stationary,  or  float  horizontally,  or  descend.  An  air 
balloon,  then,  is  a  machine,  the  whole  mass  of  which  is  of  less 
specific  gravi^  than  the  air  in  which  it  rises;  2.  Heat  rarefies, 
expands,  and  lessons  the  specific  gravity  of  air.  till  its  weight  is 
proportional  to  the  heat ;  and  435  degrees  of  heat  will  just 
douole  the  bulk  of  a  volume  of  air.  If,  therefore,  the  air 
enclosed  in  any  kind  of  covering  be  heated,  and  consequently 
dilated,  to  such  a  deg^rce  as  that  the  excess  of  the  weight  of  an 
equal  bulk  of  common  air  above  the  weight  of  the  heated  air, 
is  greater  than  the  weight  of  the  covering  and  its  appendages, 
this  whole  mass  will  ascend  in  the  atmosphere ;  till,  by  the 
cooling  and  condensation  of  the  included  air,  or  the  diminished 
density  of  the  surrounding  fluid,  it  becomes  of  the  same  spe- 
cific gravity  with  the  air  in  which  it  floats,  and  without  renewed 
heat  It  will  then  gradually  descend.  If,  instead  of  heating  com- 
mon air,  enclosed  in  any  covering,  and  thus  diminishing  its 
gravity,  the  covering  be  filled  with  an  elastic  fluid  lighter  than 
fttmotpheric  air,  so  that  the  excess  of  the  weight  of  an  equal 
bulk  of  the  latter,  above  that  of  the  enclosed  elastic  fluid,  be 


grater  than  the  whole  burden  of  the  machine  with  its  accom- 
paniments, the  whole  mass  will  mount  into  the  air,  as  in  the 
former  case,  and  continue  to  rise  in  it  till  it  attains  an  alti- 
tude at  which  the  surrounding  air  i&  of  the  same  specific  gravity 
with  itself. 

Inflammable  Air^  for  balloons,  is  obtained  by  applying  acids 
to  metals ;  or  subjecting  animal,  vegetable,  and  mineral  sub- 
stances in  a  close  vessel,  to  a  strong  heat ;  or  by  transmitting 
the  vapour  of  certain  fluids  through  red-hot  tubes ;  or,  finally, 
from  carburetted  hydrogen  gas,  which  is  nothing  more  than 
the  smoke  of  coal  purified.  In  the  first  of  these  methods,  iron, 
zinc,  and  vitriolic  acid,  are  the  materials  most  commonly  used: 
the  vitriolic  acid  mu&t  be  diluted  with  about  ^st  or  six  parts 
of  water.  Iron  may  be  expected  to  yield,  in  the  conmion  way, 
about  1700  times  its  own  bulk  in  gas :  or  4|  ounces  of  iron, 
the  like  weight  of  oil  of  vitriol,  and  22|  ounces  of  water,  will 
produce  one  cubic  foot  of  inflammable  air :  six  ounces  of  zinc, 
and  an  equal  weight  of  oil  of  vitriol,  and  30  ounces  of  water, 
zSce  necessary  for  producing  the  same  quantity.  It  is  more 
proper  to  use  the  turnings  or  cbippings  of  great  pieces  of  iron, 
than  the  filings  of  that  metal ;  because  the  heat  attending  the 
effervescence  will  be  diminished,  and  the  diluted  acid  will 
pass  more  readily  through  the  interstices  of  the  turnings  when 
they  are  heaped  together,  than  through  the  filings,  which  stick 
closer  to  one  another.  The  weight  of  the  inflammable  gas  thus 
obtained  in  the  common  way,  by  means  of  acid  of  vitriol,  is 
generally  about  one-seventh  of  the  weight  of  common  air ;  but 
with  the  necessary  precautions  for  philosophical  experiments, 
it  will  be  less  than  one-tenth  of  the  weight  of  the  same  fluid. 
The  other  elastic  fluids  that  are  generated  with  the  inflam- 
mable air,  may  be  separated  from  it  by  passing  the  inflam- 
mable air  through  water  in  which  quicklime  has  been  dis- 
solved; the  water  will  absorb  these  fluids,  cool  the  inflam- 
mable air,  and  prevent  its  over-heating  the  balloon  when  it  is 
introduced  into  it  But,  at  a  much  cheaper  rate,  gas  for  bal- 
loons may  be  had  from  pit-coal,  asphaltum,  amber  rock  oil,  oak, 
and  other  minerals.  A  pound  of  pit-coal  exposed  to  a  red  heat, 
yields  3  cubic  feet  of  gas ;  or,  according  to  Glegg's  improTe- 
mentS;  one  chaldron  of  Wallsend  coals  will  yield  26,000  oohio 
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tnn  of  |tu ;  Mid  tk«  ipeciBe  RraTitr  of  tUi  fu  it  0-3&6,  >tmo- 
■pbrric  mir  bciag  1' ;  tbongb,  in  some  books,  yoa  are  told  [Hi 
ml  fu  weiRlia  onlf  \  ofcnminon  tir. 

To   Matt   Ike  Gui  for   Balboiu.— Small    balloons   may    be 
tIM  «ith  KBs,  anrr  passiue  it  tbrongb  water.    See  tkt  an- 


D«Ked  spparatna,  G|c.  17. 
R  bottle  that  coolains  the  in- 
pedicDta  mnilionedsboTe.  B, 
C,  is  a  tobe  which  convey! 
ttie  )tm*  thmufih  the  water  is 
Ibe  bottle  D.  lo  the  cork  at 
E,  another  tube  allows  the  fU 
lo  pass  Into  the  baltonn ;  or 
two  small  casks  may  be  used 
ia  place  of  bottlrs. — Another 
netbod  for  producing  the  by. 
ititfta  fas  IS  rcpresealed  in 
file-  It*-  ABC  is  a  vessel  of 
clay  or  iron,  into  which  the 
na'terials  yieldiag  the  gtt  are 
introdared,  so  as  lo  occnpy 
A-Aihn  of  idi  cavity.  This  ves- 1 
■rl  ii  subjected  lo  the  action  _^ 
ef  flre,  if  it  cootain  coal ;  the  m 


Hydrogen  Oaa. 

Fia.  ir. 


fluroDitti  the  tube 


C  D,  and  also  tbronicb  the  water  in  the  tub  H,  into  the  inverted 
BulbrnGa 


nutl  E  P,  to  the  upper  aperture  of  which  the  balloon  G  It  tied 
I»  nceivc  the  f;*i.  The  Are  should  be  at  a  couiderable  dis- 
Isnee  from  the  tub  H.  that  the  iaflammable  air,  if  any  escape, 
■Bv  not  explode  and  do  mischief. 

The  old  uparatos  for  GlViag  an  iDflammable  air  balloon  of 
the  I>i(:est  aimensioas,  is  repreieoled  in  fi^'  1^'  A,  A  are  two 
tabs,  or  KBSometers,  aboot  three  feet  in  diameter  and  nearly 
l««  feet  deep,  ioverted  in  larser  tubs :  at  the  bottom  of  each 
«f  the  inverted  tubs  there  is  a  hole,  to  which  is  adapted  a  tin 
tabe,  E.  about  seven  inches  in  diameter,  and  seven  or  right 
iKbes  loofc.  To  tbeic  lubes  tbo  silken  tubes  of  the  balloon 
■re  tied.  Each  of  the  tubs,  B,  is  surrounded  by  several  strong 
tasks,  so  regulated  in  nonibcr  and  capacity,  as  lo  be  less  than 
halffbtl  when  the  materials  are  equally  distributed.  In  the 
top  of  each  of  these  casks  are  two  boles:  and  to  one  of  the 
Mcs  is  adapted  a  tin  tube,  formed  so  as  to  pass  over  the  edice 
ttAt  tab  B,  and  through  the  water,  and  lo  leTminate  with  its 
nil  I  inn  aoder  the  inverted  lob  A.  The  other  hole,  which 
serves  for  supplying  the  cask  with  materiaU,  is  stopped  with  a 
weodes  plug.  Theie  tin  lobes  may  be  about  three  inches  and 
a  half  dumeler,  and  the  other  holes  may  be  smaller.  Two 
■asts,  with  a  rape.  Ice.  are  used  for  this  machine,  although 
tWy  mn  not  auolutcly  necessary;  becnuje  the  balloon,  by 
Means  of  a  narrow  scaffold,  or  other  contrivance,  may  be 
ctevatMl  Ave  or  six  feet  above  the  level  of  the  tubs  A,  A. 
When  the  balloon  is  to  be  filled,  the  net  is  put  over  it,  and 
««spc»dcd  as  exhibited  in  C  D  F :  and  having  expelled  all  Ihe 
(■■■aa  ^  from  it.  its  silk  tabes  are  fastened  round  the  tin 
tabes  BE,  and  ibe  materials  inlhe  casks  arc  properly  propor- 
tJanaJ.  tke  iron  being  first  put  in,  then  the  water,  and  lastly 
tt*  vitrioUe  acid.  The  balloon  will  soon  be  inflated  by  the 
MimiiaTilii  ^.  and  support  itself  without  the  aid  of  the  rope 
C  H.  Aa  the  filling  advances,  the  net  i«  adjusled  round  it :  the 
esfda  pfoccediu  from  the  net  are  fajtened  lo  the  hoop  H  N ; 
Aa  boat,  IK,  U  ssspended  from  the  hoop  MN,  and  every 
Mai  MccawuT  tat  the  voyage  Is  deposited  in  h.  When  the 
Minn  if  a  Utlh  more  than  three^narters  full,  the  «lken 
Mm  an  aapaialad  frm  the  Hd  tabes,  and  their  excranltiea 


being  tied,  they  are  placed  In  the  hoat.    Finally,  when  the 

aeronauts  are  seated  in  the  boat,  the  lateral  ropea  are  alipped 

1^.10. 


off,  and  the  machine  ascends  in  the  air,  as  in  Ig.  90.    Ib  order 

to  produce  such  a  bulk 

of  inflammable  air  as  is  y 

necessary   for  a  balloou 

of  30  feel  in  diameter, 

whose  capacity  is  14,137       sf-fS- 

cubic  feet,  there  will  be     f==^ 

rennired  about  3800  lbs    S^Mt^^ 

of  iron  turnings.  aeOOIbs    |ii^i 

of   vitriolic-  acid,     and   ^jTi^y 

19.600  Iba  of  water,  with    ■    ^."t' 

which    the    baltoon    will 

not  be  above  lhree-<|nBr- 

ters  full.     The  usual  way 

now  of  filling  a  balloon 

with  the  carbonated,  or 

carburetled,      hydrogen 

gas,    the    sama    as   the 

streets  are  lighted  with, 

is  to  introduce  it  through 

any  service  pipe  Into  the 

balloon,  from  any  of  the 

station  pipes  connected 

with   the   gasometer    of 

any    of   the    great    gas 

manufactories      in     the 

neighbourhood  ef  the  aeronanfa  aaeoot    Of  flonae,  all  the 

apparatus  of  casks,  bo.  is  done  away  with:  btit  aoae  degree 

of  caution  is  requisite  in  managing  the  machine  when  afloat, 

and  highly  elevated  ;  for  should  the  larger  valve  In  the  top  of 

the  balloon  be  opened  by  the  aeronaut  in  place  of  the  smaller 

one,  as  unfortunately  was  done  by  the  lale  Mr.  Harrla.  too 

aach  gu  nay  eieape,  aod  Ao  veUele  b«  Ftoelpltalod  wUfc 
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great  Telocity  perpendicularly  to  the  groand.  Mr.  Harris 
ascended  from  tne  City-Road,  London,  May  25, 1824,  and  in 
the  neighbourhood  of  Croydon,  Surrey,  his  balloon  came 
rapidly  to  the  ground,  from  his  having  pulled  the  cord  of  the 
larger  in  place  of  that  of  the  smaller  valve,  to  descend  ;  and  he 
was  killed  on  ihe  spot  His  fair  companion,  a  young  lady, 
was  very  much  injured  by  the  fall. 

dmstrttction  of  Balloons, — The  balloon  itself  is  composed  of 
gores  of  silk,  fig.  21,  covered  with  caoutchouc  varnish,  and 
probably  30  feet  diameter.  A  net  is  spread  over  the  whole 
hemisphencal  surface.  To  this  a  car  or  boat  is  suspended  by 
ropes,  so  as  to 
hang  a  few  feet 
below  the  bal- 
loon; and  in  or- 
der to  pre  vent  the 
bursting  of  the 
machine,  a  valve  is  placed  in  it ;  sometimes  two  valves,  one 
within  the  other,  to  allow  the  gas  to  escape  when  the  aeronaut 
wishes  to  descend.  The  basket  may  be  8  feet  long,  4  wide, 
and  3^  deep,  of  wickerwork ;  and  the  weight  of  the  whole 
apparatus  about  6i  cwt.  including  the  voyager. — The  conduct 
of  balloons  has  been  attempted  to  be  placed  under  the  power 
of  the  aeronaut,  by  means  of  wings  or  oars,  fig.  22.  Blanchard 
used  this  sort  of  wing 
of  silk,  stretched  upon 
cane,  and  used  edge- 
wise in  the  direction 
in  which  the  balloon  is 
driven. — Lunardi  tried 
shutters  of  silk,  or  rather  valves,  a,(,c,  as  fig.  23,  to  open  on  one 
side  only,  and  be  moved  on  . 

the  flat  side  in  the  direction  in  ^^3,  6 

which  the  machine  is  impel- 
led. But  the  aeronaut  has 
little  or  no  power  over  the 
machine  when  it  is  suspended 
in  the  air. — Baldwin,  who  ascended  from  Chester  in  1785,  com- 
pares the  sensation  of  ascending  to  that  of  a  strong  pressure 
from  the  bottom  of  the  car  upwards  against  the  soles  of  the 
feet.  At  the  distance  of  one  mile  he  fancied  he  had  gone 
seven.  The  river  Dee  appeared  red,  the  city  diminutive,  the 
town  blue,  and  all  reduced  to  t>ne  grand  enchanting  level ;  the 
clouds  seemed  a  sea  of  fleecy  cotton,  the  thunder-^clouds  like 
the  dense  smoke  of  cannon.  The  shadow  of  the  balloon  upon 
the  white  floor  of  clouds,  was,  at  times,  no  bigger  than  an  egg ; 
at  others,  greatly  increased,  and  surrounded  with  the  most 
captivating  iris  or  rainbow.  At  four  miles  high  the  air  was 
warmer  than  on  earth :  the  sun  was  hottest  when  the  balloon 
was  stationary. — Mr.  Sadler,  who,  in  the  summer  of  1824, 
ascended  from  Liverpool,  erected  an  extensive  apparatus  for 
filling  his  balloon  with  gas,  of  a  auality  sufficiently  buoyant  to 
bear  up  more  than  the  usual  weignt.  The  apparatus  consisted 
of  a  large  boiler,  heated  by  two  furnaces,  and  a  number  of 
cylindrical  retorts,  communicating  by  pipes,  leading  to  a  gene- 
'  ral  conduit ; — the  whole  being  on  the  principle  of  simply  decom- 
posing water  by  means  of  heated  iron  filings,  borings,  and 
turnings.  The  balloon  was  34  feet  diameter,  by  42  feet  high, 
covered  with  660  square  yards  of  silk,  containing  28,000  cubic 
feet  Of  gas.  which  would  raise  12  cwt.  from  the  earth.  The 
balloon  arose  at  3  p.  m.  and  took  a  S.E.  course  towards  Ches- 
ter, near  which  place  it  descended  between  5  and  6  p.  m.  The 
mountains  of  Wales  were  visible  to  Mr.  Sadler  and  his  com- 
panion ;  but  the  sea  was  hid  by  clouds. — On  the  14th  of  June, 
1824,  Messrs.  Green  and  Sparrow  ascended  from  the  gas- 
works of  Oxford,  about  3  p.  m.  The  balloon  travelled  22  miles 
towards  Henley,  where  it  was  brought  down.  Mr.  Sparrow  was 
thrown  out  of  the  car,  when  the  balloon  came  first  in  contact 
with  the  earth,  but  received  no  injury. — A  Mr.  Graham  and  his 
wife,  about  the  same  period,  ascended  from  London,  and 
descended  about  14  miles  from  Brighton,  after  a  voyage  of 
1  hour  and  20  minutes,  without  experiencing  any  accident. — 
Since  the  above  was  written,  poor  Sadler  was  killed  in  one  of 
his  enterprising  voyages. 

iESCULUS,  in  Botany,  horse-ohesnut.  which,  as  a  powder, 
excites  sneezing:  infused,  it  is  good  for  complaints  in  the 


head  and  eyes.    The  bark  of  the  tree  is  considered  a  good 
febrifuge. 

FESTIVAL,  belonging  to  sununer,  as  the  aestival  solstice, 
sign,  &c. 

iETHER,  in  Chemistry,  a  light,  volatile,  and  very  inflam- 
mable liquid,  produced  by  distillation  of  acids  with  spirits  of 
wine.  The  too  frequent  use  of  aether  is  very  injurious  to  the 
nervous  system ;  yet  many  people  take  it  freely. 

iETHUSA,  fool's  parsley,  possesses  poisonous  qualities. 

AETITES,  eagle  stones,  flinty  crostated  pebbles,  of  a  yellow 
colour,  hollow  within,  and  eontaining  a  nucleus,  which  rattles  if 
the  stone  be  shaken. 

AFFERERS,  in  Law,  persons  appointed  in  courts  leet, 
courts  baron,  &c.  to  settle  the  fines  upon  those  who  have  been 
guilty  of  faults  arbitrarily  punishable. 

AFFETTUOSO,  or  Con  Affetto,  in  Music,  whatever  is  played 
in  a  moving  style. 

AFFIDAVIT,  in  Law,  an  oath  in  writing,  sworn  before  a 
competent  authority. 

AFFINITY,  in  Chemistry,  is  that  power  which  tends  con- 
tinually to  bring  particles  of  substances  together  which  are 
disunited,  and  which  retains  in  connection,  with  more  or  less 
force,  those  already  in  a  state  of  combination.  When  olive 
oil  and  water  are  shaken  together,  they  refuse  to  act  upon 
each  other,  and  separate  according  to  the  order  of  their  den- 
sities, the  oil  swimming  above  the  water.  Oil  and  water  will 
not  mix  intimately ;  they  will  not  combine;  and  are  said  to  have 
no  chemical  attraction  or  affinity  for  each  other.  But  if  oil 
and  soap  lees,  or  solution  of  potash  in  water,  be  mixed,  the 
oil  and  the  solution  blend  together,  and  a  species  of  soap  will 
be  formed,  which  may  be  procured  as  a  soft  solid  substance 
by  evaporating  a  part  of  the  water.  This  is  an  instance  of  com- 
bination ;  and  solution  of  potash  and  oil  are  said  to  attract  each 
other  chemically,  or  to  have  an  affinity  for  each  other.  A 
spoonful  of  salt,  thrown  into  a  vessel  of  water,  difi'uses  itself 
through  the  whole  of  the  fluid,  and  the  salt  is  combined 
with  the  water ;  the  water  and  the  salt  have  an  affinity  for  each 
other,  and  cannot  be  separated  by  any  mechanical  means :  but 
if  another  substance  be  introduced,  to  which  water  has  a 
greater  affinity  than  it  has  to  the  salt,  it  will  quit  the  salt,  to 
unite  to  this  third  substance.  If  alcohol  be  the  third  body, 
the  water  will  leave  the  salt  to  join  the  spirit;  and  the  salt, 
by  its  superior  gravity,  will  be  precipitated  in  the  vessel. 
Alcohol  will  dissolve  camphor,  aud  the  fluid  be  perfectly  clear, 
which  is  another  instance  of  chemical  combination ;  the  two 
substances  have  a  strong  affinity  for  each  other :  but  the  spirit 
has  a  still  stronger  affinity  for  water  than  for  the  camphor; 
and  if  a  little  of  that  fluid  be  added  to  the  solution,  the  cam- 
phor will  fall  down  in  flakes,  that  is,  in  a  solid  form.  Differ- 
ent bodies  unite  with  difi'erent  degrees  offeree;  and  hence, 
one  body  is  capable  of  separating  others,  from  certain  combi- 
nations :  and  in  consequence  of  the  same  circumstance,  mutual 
decompositions  of  difi'erent  compounds  take  place.  This  has 
been  called  double  affinity  ^  or  complex  chemical  attraction.  Thus, 
if  an  aqueous  neutral  solution  of  lime  and  nitric  acid,  and  a 
like  solution  of  magnesia  and  sulphuric  acid,  be  mixed  toge- 
ther, the  lime  will  quit  the  nitric  acid,  to  unite  to  the  sulphuric 
acid,  and  the  magnesia  will  leave  the  sulphuric  acid,  to  com- 
bine with  the  nitric  acid.  The  combination  of  nitric  acid  and 
magnesia  will  remain  in  solution ;  but  the  compound  of  lime 
and  sulphuric  acid,  being  only  slightly  soluble  in  water,  will,  for 
the  most  part,  be  precipitated  in  the  form  of  a  white  powder. 
Every  substance  has  its  peculiar  affinities  to  the  various  other 
substances  presented  to  it.  If  all  bodies  had  the  same  degree 
of  affinity  with  each  other,  no  change  could  take  place  amongst 
them ;  and  we  should  not  be  able  to  displace  any  principle  by 
presenting  one  body  to  another.  It  is  in  consequence  of  this 
difference  in  the  affinities,  that  all  chemical  decompositions  are 
afi'ected  ;  and  all  the  operations  of  nature  and  art  are  founded 
upon  it.  Hence  arises  the  terms,  simple  affinity,  double  affinity, 
ficc.  Two  principles  united,  and  then  separated  by  means  of 
a  third,  afford  an  example  of  simple  affinity :  it  consists  in  dis- 
placing one  principle  by  the  addition  of  a  third.  The  body 
disengaged  is  called  the  precipitate;  the  substance  used  to 
separate  the  compound,  is  called  the  precipitant.  An  alkali 
precipitates  metals  from  their  solutions.    Sometimes  the  i«w 
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mwpoond  itielf  is  precipitated,  as  when  the  vitriolic  acid  is 
poared  on  a  solution  of  the  muriate  of  lime.  At  nth<*r  timr% 
the  disenfcaf:ed  body,  and  the  new  compound,  are  precipitated 
tO|cethrr,  as  ifthen  Kpsom  salt  is  dissolvrd  in  water,  and  pre- 
cipitated by  means  of  lime  water.  The  roni pound  of  two 
principles  cannot  be  destroyed  either  by  a  thinl  or  fourth  body 
leparately  applied :  but  if  these  two  bodies  be  united,  and 
then  brouirbt  into  contact  with  the  same  compound,  a  deroni- 
positioD  will  take  place.  This  phenomenon  constitutes  tlouhft! 
i^nify,  as  when  ritriolaied  tartar  is  decomposed  by  nitric  acid 
combined  with  lime. 

AFFIRMATION,  in  Law,  an  indulgence  allowed  to  the  pco- 
pie  denominated  Quakers ;  giving  them  the  privilege  of  depos- 
BB|r  apon  tlieir  mere  word  of  honour,  what  other  sects  must 
attest  upon  oath.  If  the  Quaker  in  this  perjures  himself,  he 
aaffers  acconlinirly. 

AFFKONTEE,  in  Heraldry,  an  appellation  given  to  animals 
frontinic  one  amither  in  an  escutcheon. 

AFRICA.  [AJaft^]  one  of  the  four  fcreat  divisions  of  the 
earth,  extend  in;;  from  north  to  south  abouc  70^,  or  4'J(K»  ^eo- 
paphieal  miles.  This  vast  continent  occupies  about  GUP  of 
km^tude,  or  4140  f^eofcraphical  miles.  It  is  divided  into 
Abyssinia,  E^ypt,  the  Mahometan  States  in  the  North,  the 
Western  Coast,  the  Cape  of  Good  Hope,  and  the  countries  on 
the  Eastern  shores.  The  islands  are,  Madaj^ascar.  Bourbon, 
Mauritius  Ker^uelen's  Land,  St.  Helena,  the  inlands  of  Cape 
Terd,  the  Canaries,  and  Madeira.  The  ruling  religion  is 
Mahommetanism.  The  climate  in  the  north  is  hot,  in  the  south 
temperate.  We  know  of  no  navigablo  rivers  and  lakes  that 
eaa  diffuse  commerce  from  the  shores  to  the  centre  of  Africa. 
The  chief  risers  are  the  Nile,  the  Niger,  the  Senegal,  the  Zaiiir 
3f  Congo,  and  the  Zambezi  of  Mocaranga.  The  mountains 
ire  those  of  Atlas,  Abyssinia,  and  the  Cape.  And  the  great 
desert  of  Zaara  stretches  from  the  shores  of  Africa  to  the  con- 
fnes  of  Egypt,  in  length  2500  geographical  miles,  by  a  breadth 
uf  7^3 :  and  though  interspersed  with  fertile  spots,  it  is  a  vast 
ocean  of  sand,  tliat  dcHes  every  exertion  of  human  industry. — 
[S'.B.  The  geographical  portion  of  this  Dictionary  is  from  one  of 
(be  £diti»r's  own  works— the  Grammar  of  GEOiiR«pHV.] 

Abyssinia,  is  iHiunded  on  the  north  and  west  by  the  moun- 
tains and  forests  of  Kordofan  and  Sennaar ;  on  the  south, 
4esrru  anil  mountains  separate  it  from  Gingiro  and  Alaba. 
lad  the  Red  Sea  skirts  its  eastern  margin.  It  is  divided  into 
the  pnninres  of  Tigri,  Gojam,  Dembea,  and  Gondar,  the  capi- 
tal. The  rc'lieion  is  the  Christian ;  the  population  ma>  amount 
in  three  millions  ;  and  the  government  is  absolute  and  heredi- 
tarv  ninnarrhv.  The  climate  is  greatly  diversified ;  for  from 
April  to  September  there  arc  heavy  rains,  and  though  the  six 
lolJ(i«inff  niiiiiths  be  dry,  the  nights  arc  cold.  No  country  can 
■uirh  Ab\s>ini:i  in  mountains  and  detached  precipitous  rocks. 
Tbr  Afiiran  Alps  are  crowned  with  eternal  snow,  and  from 
tho»r  Iff  Kumri.  issue  the  unexplored  sources  of  the  Nile.  The 
rkirf  lake  is  that  of  Tzana,  called  also  I)enil»ea,  and  lakes 
Zaw»j:i  and  Ilaik.  The  horses  of  Abyssinia  are  small,  but 
ffpiritrtl  ;  cattle  and  buflulocs  are  numerous ;  the  elephant, 
the  rhiom^eros,  the  lion,  the  panther*  the  camelopardalis,  are 
B«t  with  :  h>a*nas  infe.st  Gimdar  at  night ;  wild  bitars,  gazelles 
<«  antrloprs,  ami  monkeys,  swarm  in  the  wtiods;  the  lakes 
a.-Ki  h«rr«  abound  in  hippopotami  and  eroeodiles. 

Kc>pt.  celebrated  from  all  antiquity,  is  about  500 miles  Ionic, 
and  ui-aflv  *i.ji)  broad.  The  entire  country  is  a  narrow  vale. 
Uftrrird  by  the  Nile,  and  hemmed  in  by  parallel  rid  ires  of 
Kovntaiiis.  The  prevailing  religion  is  Mahommetanism,  but 
tbftc  are  many  Christians,  who  have  their  priests  and  monas- 
trnrs.  The  population  is  about  two  milliiuis  and  a  half.  The 
government  i«  in  the  bunds  of  a  \ieeroy  of  the  Ottoman  power; 
th<iQ2h,  in  Cairo,  a  powerlul  aristocracy  directs  the  allair<  of 
dfime4tic  pulir\.  The  people  are  in  general  lilthy  :  the  Copts, 
or  onrinal  Christian  iiihabitant>.  are  the  men  of  luKincss. 
The  climate  is  peculiar,  rain  licini:  unconinKin.  the  heat 
ritremr,  cnforeinE  an  abstemious  diet ;  the  soil  rich.  a::ricuU 
tarr  uf  ib«-  »implrHt  kind,  the  iuiindations  of  the  Nile  render- 
lar  vegetation  luxuriant  niiliitui  much  manual  labour.  The 
rhirf  city  is  Grand  Cairo,  a  dirty  place,  filled  uith  ;MN»,1NN» 
io«!«.  pc-Qt  up  in  narrow  street<i ;  Alexiimiria.  Hosrtta.  and 
llaanecia.     Cgypt«  once  the  focus  of  oriental  trade,  and  the 


I  granary  of  Rome,  still  exports  vast  quantities  of  nheat,  rice, 
and  flax,  and  many  black  slaves;  and  from  Tiini^  and  Tripoli 
it  rceeixes  oil,  red  caps,  and  fine  flannel  :  from  S\rja,  cotton, 
silk,  soap,  and  tobacco:  from  Constantinople,  ^hite  5la\e<, 
(Circassians  or  Georgians,  the  males  being  the  far-famed  hut 
ill-used  Mamelukes.  The  chief  river  is  the  Nile,  about  one 
quarter  of  a  mile  broad,  and  twelve  feet  deep,  of  niudd\  water, 
but  abundant  in  a  species  of  salmon,  eels,  and  eroeodiles.  The 
chief  lakes  are  those  of  Mencala,  Berelos,  and  Elko,  in  the 
north;  Kerun  in  the  west,  and  the  Natron  lakes,  producing 
mineral  alkali.  The  mountains  lie  chieflv  between  the  Nile 
and  the  Red  Sea.  The  pyramids  are  constructed  of  fiec-stone, 
like  that  used  at  Uath ;  and  the  ancient  obcli>ks  were  dug 
out  of  quarries  of  red  granite  near  Syene.  The  lotus  or  water 
lily  decorates  the  Nile  ;  the  cypress  overshadows  the  tombs  of 
the  dead;  the  sycamore  flounshes  with  \igour  even  on  the 
sandy  frontiers  of  the  desert ;  and  the  papyrus,  sacred  to  litera- 
ture, is  found  in  the  marshes  of  the  l>elta. 

Nubia,  or  Ethiopia,  fMH)  miles  in  length,  and  TjiM)  in  breadth, 
is  an  extensile  tract  between  Ecypt  and  Abyssinia.  Its  states 
are,  Dongola  in  the  north,  and  Senaar  in  the  stmth.  Nubia  is  a 
miserable  country,  and  its  people  deceitful  and  ferocious. 

The  Mahommetan  States  in  the  North,  are,  1  ri|M)li,  Tunis, 
Algiers,  and  Morocco,  extending  from  Cabes  to  the  ctmfines 
of  Egypt.  Tripoli  is  governed  by  a  Hey,  subject  to  the  Porte 
or  Sultan.  The  town  is  situate  in  a  low  spot,  and  is  in  a  state 
of  rapid  decay.  Tunis,  the  central  region  of  northern  Africa, 
ws's  once  the  seat  of  the  Carthaginian  power.  The  ruins  of 
Carthage  arc  not  far  from  Tunis  the  capital,  a  town  about 
three  miles  in  circumference,  and  containinic  Aimnn)  souls,  the 
most  polite  and  civilized  among  the  Mahometans  of  Africa. 
Lions,  panthers,  h\a'nas,  and  other  ferocious  animals,  are  found 
here.  Algiers  is  governed  b\  a  Oey  or  Pasha,  who  exacts  tri- 
bute from  the  maritime  states  of  Christendom ;  and  whose 
country  is  a  nest  of  robbers.  The  kingdom  of  Algiers  com- 
prises the  Numidia,  and  part  of  the  Mauritania,  of  the  ancients; 
and  the  productions  are  wool,  lend,  oil.  leather.  There  are 
many  salt  springs  and  rivers  in  the  kincdom  of  Algiers,  and 
there  is  one  salt  hill  near  the  lake  called  Manks.  Tlie  empire 
of  Morocco,  which  includes  also  the  kingdom  of  Fez,  is  peo- 
pled by  civilized  Moois,  and  wandering:,  but  hospitable  Aialis  ; 
but  the  Hrebers,  from  whom  liarbary  takes  il^  name,  aie  fierce 
and  obstinate  descendants  of  the  aboriginal  iidiabitants.  The 
universal  food  consists  of  bits  of  paste  cooked  by  the  steam  of 
boiled  meat  and  vegetables,  sewed  up  in  an  earthern  dish, 
with  butter  and  spices,  and  eaten  alike  by  the  peasant  and  the 
monarch.  The  chief  sea-pnrt  is  Tctuan.  Morocco  is  the  capi- 
tal. Uut  on  the  Ninith  of  these  Mahimmietan  .states,  there  arc 
the  countries  of  Drab,  Sijelmissa,  and  the  Land  of  Dates. 

The  Western  (Niast,  is  peopled  by  the  Jahif's  and  Koulahs,  on 
the  banks  of  the  S<-negal  and  (Sambia.  Guinea  is  divided  into 
the  grain,  the  i\ory,  and  the  gold  coast.  Uenin  and  Caiabar. 
t-ongo  and  Angola,  come  next  in  order.  The  .so\er(ii;n  of 
Hcnin  is  .said  to  be  able  to  brinir  into  the  field  UN),(NMi  waniors. 
Laonga,  on  the  north  of  tJonco.  possesses  an  indu bilious 
population,  expert  in  weaving,  smith's  work,  and  the  niannlac- 
turc  of  can\ass,  caps,  and  beads.  The  t'ongoese  lia\e  the 
negro  colour,  without  the  features  ;  and  these  pctiple  piacii^e 
the  strange  custom  of  opening  the  graves  annuall),  to  deeoiate 
the  bimes  of  the  dead.  These  countries  are  well  wateied.  and 
the  usual  tropical  plants  abound;  rice.  }»ms,  gouids.  pota- 
toes, and  nx'liuis,  are  the  chief  food  of  the  inliabitant>. 

The  (^ilon>  of  the  Cape  of  (Soml  Hope.  The  tcrritiuv  of  tliis 
cohmy  is  about  .Vi<>  miles  in  length,  and  "SXi  in  breailiii.  com- 
prising a  population  of.  about  2ii,iNH)  souls.  The  cdimtry  ih 
moje  fertile  towards  the  east  than  on  the  western  coast  :  and 
the  chief  roadsteads  are  False  Bay  on  the  s«iuth,  aiiil  Taltlr 
l&av  on  the  north,  which  opens  to  Capr  Town.  The  liui:iii\  i»f 
southern  Africa  is  peculiarly  rich  ami  maguiliceut.  as  is  prmt  d 
by  the  beautiful  plants  from  thence,  which  decoiate  :>iir 
British  grecn-liouscH.  And  wolves,  h\a*nas.  antelopes.  e.'ii:les, 
vultures,  kitcji,  crows,  turtle  doves,  liifus.  and  hippopolanii. 
rank  in  the  nalurni  history  of  the  Cupe  of  (>ood  Hope. 

The  Eastern  Coast,  includes  the  countr\  of  the  Kaflres.  or 

Koussis,  anil  the  Tambookies.     The  coast  of  Natal  is  lulluw- 

'  ed   by  tliu  Bay  of  Dcla^ua.     Opposite  to  Madagascar  arc 
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Sabia,  SoUa,  HooanuifR.  nan  (he  oouti  of  MoBambioo  mni 
ZiDgaebkr  ;  snd  tbe  deMrt  and  obscore  oouts  of  Ajaa  uid 
Adel,  complete  tbo  cirooit  of  Africa.  The  ooontrr  aroond  tbe 
Ba;  of  Dclugoa  aboands  id  cattle  and  pooltiT.  and  the  6afa  are 
nomerous  and  excellent;  Dew  Island  affordiiiK  abondanoe  of 
tartle.  The  native*  are  Kaffre*,  that  ia,  Fagans,  of  a  briKbt 
black  ooloni,  tall  aad  iloat,  Rood  hamoared  and  hannleaa. 
Hocaranga  u  inhahited  by  a  elviUaed  people,  who  are  ne*er- 
tlieleM  inperttttioadf  afraid  of  nagjeal  obariaa.  Tbe  kiDjcis 
caarded  by  femalei.  The  apade,  the  emblem  of  agriculture, 
L  worn  by  the  Iuok  od  daya  of  oerenonj,  in  place  of  a  aword. 
An  officer  la  aeot  annaallj  to  each  prorlnce,  and,  in  token  of 
his  fidelity,  leavea  hi*  children  as  hostaf  es  at  court  The  peo- 
ple of  the  province,  on  tbe  offioer'a  appearance,  extingniah  tbeir 
firea,  but  again  light  tfaem  from  the  offioer'a  tomb,  in  token  of 
their  loyalty.  On  the  coaata  of  Ajan  and  Zaogaebar  there  are 
oonaiderable  numbera  of  Moora :  Mozambique  ia  sabject  to 
the  PoTtagnese :  Zangnebai  abounds  in  elephants.  Of  tbe 
other  Btatea  little  ia  koown.  Madagascar,  840  miles  long,  and 
220  broad,  abounda  in  grand  and  plctoreiqne  scenery,  strik- 
ingly diveraified  with  precipioea,  cataracts,  and  immensQ, 
forests.  The  chiefs  of  tribes  in  this  island  are  diatingniihed 
from  their  clan  by  rtd  caps ;  tbe  villages  are  fortified  places, 
constructed  on  eminences;  the  magicians  have  an amaeingaway 
over  tbe  more  ignorant  natives ;  and  the  most  honoarable 
trade  is  that  of  a  butcher. — The  iaianda  of  Pemba,  Zanaibar,  and 
MobsIb,  are  opposite  to  the  coast  of  Madagascar ;  and  the 
iales  of  Mab£.  and  Almiranti,  are  considerably  to  tbe  east. 
The  isles  of  Comoro  are  Angazzia,  Anzoan,  tec.  govemed  by 
Hahometan  chiefs,  trihatary  to  the  PortDgoeae  ;  and  the 
domestic  animals  are,  in  general,  like  the  European.  The 
islands  of  Haoritius,  or  France  and  Bourbon,  now  in  the  pos- 
aession  of  Great  Britain,  are  to  the  east  of  Madagsacar. 
ilieseislandsprodnceyearlytwaorapsafwheatand  Indian  corn, 
and  Bourbon  is  celebrated  for  its  sugar  canes,  cattle,  bread- 
frnit,  nutmeg  and  cinnamon  trees.  Kergaelen's  Land,  or  the 
Itland  of  DenltUion,  situate  in  the  centre  of  the  great  Sootbem 
Ocean,  is  noted  chiefly  as  the  resort  of  ships  on  the  seal 
Bihery  ;  for  ita  wildneas  and  sterility  act  indnstry  at  noaght. 
St.  Helena  has  only  one  harboar,  and  that  is  difficult  of  access. 
This  island  is  the  regular  resort  of  tbe  East  India  Company's 
afaips,  and  was  lately  remaricable  as  tbe  residence  of  Bnona' 
parte.  The  island  of  Aacenaion  has  an  excellent  harboor,  and 
idmunds  in  tartle  and  sea-fowl ;  but  the  coootry  is  mountain- 
oas,  and  the  soil  barren.  The  isles  of  St.  Mattbew,  Annabon, 
St.  Thomas,  Prince's  Isle,  and  Fernando-Po,  are  near  tbe 
African  shore. 

The  Interior  Parts  of  Afrioskr— Darfnr,  a  kingdom  in  the 
interior  of  Africa,  has  a  capital  called  Cobbe,  and  the  inha> 
bitants  are  almost  all  merchants  and  foreigners.  The  flocks 
of  sbeep  and  of  goats  here  are  numerous;  cows  and  camels 
abound  ;  lions,  leopards,  bytenas,  wolves,  jackals,  wild  buffa- 
loes, elephants,  rhinoceroses,  antelopes,  and  ostriches,  are 
plentiful.  Copper  and  iron  are  met  with  in  vast  mines  ;  tama' 
rinds  and  fruit-trees  are  common.  The  government  is  heredi- 
tary monarchy  ;  bot  the  Darfura  are  a  diasolate,  wanton  peo- 
ple, amounting  to  abont  two  millions  of  souls.  Th«  Moorish 
kingdom  of  Ludamar,  that  of  Beeroo,  Tombactoo.  Kaarta,  and 
Bambam,  have  been  described  by  that  enterprising  and  inge- 
nious traveller.  Mango  Park.  Also  the  kingdoms  of  Houssa, 
Kassina,  Gotto,  Baedoo,  and  Haniana ;  Kidia,  Bergoo,  Fur, 
Bomou.  and  Aahanlee,  by  other  trav ellera. 

AGALLOCHUH,  a  fragrant  medicinal  wood,  brought  from 
the  East  Indiea. 

AGAPE,  a  love-feast,  or  feaat  of  charity,  as  practised  by 
tbe  first  Christians,  who  had  all  things  common.  This  feast  has 
been  revived  by  the  Wesleyan  Methodists,  and  by  some  sects 
of  Parliculnr  Anabaptists, 

AGARIC  Earth,  found  in  fissures  of  rocks,  roofs  of  caverns, 
Ice.  aad  sometimes  used  as  an  astringent  in  fluxes,  hemorr- 
hages, &c. 

AGARICnS,  the  botanical  name  of  tbe  mushroom. 

AGATE,  a  precious  atone,  either  vellow  or  green,  lead- 
eoloured,  or  saoeuine.  Agatea  may  be  obtained  artificially 
with  solotion  of  silier  in  spirit  ofnilre,  and  afterwards  expos- 
ing the  part  to  (he  sun.    The  mokt  remarkable  agate  was  that 


of  Pyrrbni,  !■  wUoh  was  de^etad  Ao  atom  nrasM,  lad  AyoBa 
playing  on  a  harp.  There  is  one  on  the  continent,  in  Anatiia, 
we  believe,  fashioned  into  a  eup  nearly  an  ell  In  diameter. 

AGAVE,  the  American  aloe. 

AGE,  in  ancient  Chronology,  the  spaee  of  SOyeara;  Ihna, 
Nestor  lived  S  ages,  or  90  years;  bnt  sometime*  it  denotes  100 
years.  In  Law,  a  certain  period  of  life,  aa  21  yean,  wtten  a 
person  Is  said  to  be  enaa  efmge. 

AGEH,  a  Roman  acre  of  laud. 

AGERATUM,  bastard  hemp  ^rimony. 

AGGER,  in  ancient  warfare,  a  fortified  work  to  defend  a 
camp  or  position ;  in  modem  tactiei,  the  lines  of  approach,  or 
trenches,  correspond  with  the  aggtr*  of  the  ancients. 

AGGREGATE,  the  sum  of  several  things  added ;  and  Agftt- 
gatien  ia  tbe  mass,  aa  aheap  of  sand,  ofruina,  &c. 

AGIO,  in  Commerce,  tbe  difference  between  bank  stock  and 
current  coin,  in  Holland  and  Venice, 

AGMEN,  a  Roman  amy  in  march,  which  consisted  of  three 
*gmMa,  or  divisions ;  van.  main  body,  and  rear. 

AGNUS  CisTus,  4>  plant,  upon  which  the  Athenian  ladies, 
who  made  a  profeaaion  of  chastity,  ased  to  lie  during  the  feaats 

AGRICULTURAL  Instkunents,  are  the  plough,  harrow, 
roller,  &c.  he. 

1.  The  Plough,  fig.  24,  Is  a  machine  drawn  by  horses,  and 
guided  bf  a  husbandman,  for  turning  up  the  soil,  and  preparing 
it  to  receive  the  com,  &C.  The  chief  parts  of  this  inatrnment  are, 
the  eindttr,  W  E  F ;  the  **ek,  C,  fixed  on  the  base  CM:  H  ia 
tbe  httl.  The  sock  and  coulter  are  of  iron.  AL  is  the  lAsalA: 
PQ  therti&;KLKtte»«aiii;  H  the  eoaltor  stay.    There  are 


Th*  Plough. 


ploughs  of  a  different  oonstmetion  to  this;   but  the  most 
remarkable  are,  the 

3,  FmiT-touittrtd  PhtWfk,  fig.  35,  moving  oo  two  wheels,  of 
whioh  the  left-band  one  t*  30,  and  (he  rigbt-haod  one  34  inches 
diameter ;  separated  2  feet  6  iaohes  from  each  other.  Tbe 
plough  beam  is  10  feet  long. 


gore :  its  use  ia  to  pare 
off  the  rough  stubble,  or 
surface  of  the  ^and,  In 
order  to  ita  being  burnt. 
~   '     the  paring  pli ' 


tbe  I 


I  feet 


long. 

6.  The  Chain  Plough,  fig.  27,  so  termed  because  drawn  by  a 
chain,  fixed  to  the  back  pari  of  the  beam  immediately  before 
the  r.onlter,  has  two  advantages;  first,  by  means  of  a  mnsale, 
it  makes  the  plough  go  deep  or  shallow ;  and,  next,  it  stresses 
the  beam  less  than  if  fixed  to  the  point,  and  therefore  a 
slenderer  beam  is  sufficient.  This  plough,  of  a  smaller  siio 
than  ordinary,  can  be  drawn  by  a  single  horae,  and  is  tbt 


OfOnOVABV  OP  HKUUlfHlAlt  MinfOBt 


•  fMfar  Ibr  fcaiw  fcutlHv  maUmt  dnBrAtrows,  MBm, 


&  n*  Bnl«,  tg.  as,  a 
larK«  wei^btT  harrow,  ia 
He4  Id  radaee  atabbora 
aoiU.  It  coniiita  of  foar 
firtM  of  oak,  «|  fact  loaf, 
AiaehM  M|aan :  witb  teeth 
17  ladtM  Uiag,  bending  for- 
vard  Uke  s  eovllcr. 

8.  Tit  CmmmpH  Hamv 
k,  ia  •(««.  hke  th«  brakff, 


teeth  Ma;  be  wood  or  ina. 


T.  71«  CUm  ««4  Senm  Httrr^.  »g-  M,  dedfiMd  to  bead 
with  UMridgea,eitber  rrom  their  crawMi,  or  from  tbeirfamwa, 
c?ea  if  the  aidei  of  the  rid^M  be  18  feet  broad.  Thli  harrow 
■aj  be  ditferentlj  made;  aa  b;  joininf  two  codwiini  hanowt 
St  a  ehaia,  ao  that  tlMjr  atall  tend  t»  (he  eHrratore  of  the 


lUfea.  b  the  nmt  wmy,  a  paaa  harrow  nay  be  framed  wbca 
Ac  ta»d  la  aot  laid  dowa  la  meadow  form,  pwfectly  ierel. 

1.  Tim  B»IUr,  made  of  atoaa,  wood,  or  caat  Iroa,  afaoold 
wei^  tn  atoae,  without  ihatla  ;  bat  ooaatmoted  of  eaat  iron, 
h  ia  aoaedmea  a  ton  and  a  half  weigfaL  A  piece  of  beceh 
waed,  aafToaaded  with  three  rowa  of  felloea,  lined  with  plaaki 
afaally  loaf,  and  the  whole  duped  together  with  iroa  riags 
1|  bet  diameter,  makea  a  good  agricoltura]  roller. 

ft.  71*  Patau  Vmurrtml  Sammg  lUmdant,  mar  be  made  to 
be  wdtked  b7  hand,  drawa  b*  a  horae,  or  flieo  to  a  plough. 
"  'e  ia  Ita  ooaaimatioii,  aad  therefore  not  readily  pnt  out  of 
~  "o  diieot  the  whole,  it  requites 


m  aUD  ia  woAlns  j  aad  wiD  Hnr  wheat,  hariay,  oata,  rjt, 
clover,  tniiiip  aeod,  Ite.  with  aa  aeearaej  hitbarto  aaknowa. 
Fig.  30  repreaeata  the  maehlae  Ized  to  a  daabli  fnnww 
creaaii^  plough,  aad  prepared  lot  driHtaf. 


laiuplo 


bandrj  ;  ancT  the  AibnM  Seyiha,  wUoh  we  will  here  deaeribe, 
dilferi  little  froea  that  commoal;  aaed  ia  atawlaK  graaa,  exe«^ 
that  the  blade  ia  rather  amaller ;  (o  it,  foor  tacth  of  wood  an 
atuched  parallel  to  the  btade,  Bxed  and  aectuad  ia  a  pnpaa 


d  dedgped  to  keep  the  eora  together  after  it  la  cat  i 

so  that,  instead  of  ita  fslilog  u  a  ooafued  state,  the  reaper  era 
lar  it  down  in  a  regular  wd  compact  manner.  The  handle, 
■  i.  is  4  feet  3  inches  long ;  the  blade,  i  r,  about  3  feet ;  the 
■pright,  iff,  1  foot  10  inches. 

1 L.  In  the  iitlUtter  Seytlu,  Bg.  33,  the  handle,  a,  is  4  feet 
1  inch  ;  the  blade,  i,  3  feet  6  inches  ;  the  nprigfat,  13  inches :  the 
collector  ia  of  elotli,  and  may  be  addod  to  the  common  sejthe 


with  apieoeorsheetirenaltbetiportbeblada.  ne  ed lector 
Is  Bxed  on  bj  stoat  Iroa  wires,  e.  aad  wilt  be  well  enough  nn- 
deiatood  from  our  engraring.  Tliis  inatrameat  Is  prafsrable  to 
the  above,  thongb  both  are  ezeellenL 
12.  7%f  /rriHtnw  Matkm*,  Is  aa  inetmment  dealgned  to  raise 
■    -  ....    „ohailna. 


C*  ciple  of  Hero's  foanUin,  and  it  nut;  p 
.  See  Hero's  fonntaiD,  article  Jet  d'Bhu.  nn. «» -,  >, » 
I  tlie  stream  of  water  :  i.c.r,  represrnts  the  waterfkll,  sapposed 
to  be  10  feet :  d,t,  arc  two  leaden  or  cast  iron  Teasels,  contain 
ing  aboot  4  or  8  gallona  of  water,  and /,f,A,).  i. ',  are  leaden 
or  Iron  veasels  ho  I  ding  about  two  aaarts  each:  a,^,  are  twa 
cocka,  each  of  which  paases  through  two  [rfpes,  opening  the 
one,  and  dosing  the  other:  f,  r,  is  a  maur  ialtuu*,  which 
works  onluoentrer,  and  by  which  the  oeeks  •  and*  are  alter- 
nately tamed  :  t,  m,  and  w,  x,  are  air-ptpes  made  of  lead,  both 
It  Inch  diameter  internally ;  and*,  *  :  f,>: ;  f,  *  ;  ue  water- 
^pea,  eaeb  I  inch  diameter.  The  pipe  i,r,c.  Is  always  fall 
Anrai  the  Biream  a,  h:  the  small  oislems,  g.  t.  J,  and  the  ia^e 
«  aapfMaed  to  hare  beea  prerionsly  Bllcd  with  water. 
'  -  '  tond^  iba  oart  a,  ihnaffb 


The  fald  maj  than  b«  MUstttad  hj  tot 


»  AIB 

the  pipe  e,  t,  into  tit*  lunx 
oiatera  *.  The  voter  will  tMn 
preia  tbe  air  coufined  in  the 
eistern  t,  up  the  air-pipe  w,  x, 
«nd  force  the  fluid  out  of  the 
oiitenu  ;,  t,  ^  inio  those  mark' 
ed  A,A,  ho.  At  the 
b;  opening  B,  tho 
oondcDsed  air,  which  preij- 
ooaly  existed  in  the  targe  da- 
tern  d,  and  in  the  leas  ooei 
/,  A,  ft,  wiU  be  discharged  at  B. 
In  a  short  time,  the  untir  ha- 
isMM,  9,  r,t,will  turn  the  cocka 
s,  p,  and  push  1 
opeoiDg,  durinj;  this  operalioa, 
the  opposite  ones ;  the  cistern* 
/,  k,  ft,  are  enipiied  in  tbeir 
tnms  by  tbe  condensed  air  from 
tbe  cistern  d,  as  Ihe  wnter  prO' 
cresslvely  enteri  the  latter  pipe 

*,  c. Theie,  and  many  more, 

which  our  limits  compel  us  to 
omit,  are  the  most  usefnl  ma- 
cbiDcs  used  in  agriculture. 
Carts,  waggons,  thrcshingroills, 
tw.  we  shall  describe  io  their 
proper  places,  ogrceably  to  the 
alphabraoa]  arrangement  of  this 
Dictionary. 


DIOTIOMARY  OF  UBCHAHICAL  8CIBN0S. 


AGRIMONIA,  Aerimony ;  ftMip  and  water-hemp  agrimony, 
occnr  in  botany.  Common  acrimony  is  aperient  and  deter- 
gent; good  in  scorbotlc  disorders,  and  debility  of  the  intes- 
tines. Difceated  in  whey,  it  makes  a  good  and  useful  diet- 
drink  for  Uie  spring. 

AGROSTEHMA,  wild  lichens,  or  campions. 

AGROSTiS,  bent-grass.  Agroitogritphia,  tbe  history  or 
description  of  grasses. 

AGUB,  a  periodical  fever,  which,  according  to  the  different 
returns  of  the  feverish  paroxysms,  is  denominated  tertian, 
qaartan,  and  quotidian. 

AHEAD,  a  sea  term,  expresses  tho  situation  of  any  object  in 
advance  of  the  ship;  and  is  used  in  opposition  to  tMtrn,  which 
denotes  the  position  of  any  object  behind  the  ship. 

AHULL,  tbe  Bitantion  of  a  ship  when  all  ber  saii.i  are 
furled,  on  account  of  the  violence  of  the  wind,  and  when,  hav- 
ing lashed  her  helm  on  tbe  lee  side,  she  lies  nearly  wiib  her 
side  to  the  wind  and  sea,  her  head  being  somewhat  inclined  in 
the  direction  of  the  wind. 

AIDS,  in  the  Manege,  cherishings  used  to  avoid  tbe  neces- 
sary corrections.  The  nmer  aidt  are  the  inner  heel,  leg,  rein, 
IcG  ;  the  mln-  si'iit,  the  outer  heel,  leg.  rein,  &c. 

AIGHENDALE,  in  Lancashire,  a  liquid  measure  of  7  quarU. 

AIGUISCE,  in  Heraldry,  a  cross  with  its  four  ends  sharp- 
ened into  obtuae  anglea. 

AIR,  a  thin,  elastic,  traospareat  fluid;  ponderous,  compres- 
sible, and  dilatable. 

Air.  in  Music,  melody  in  general,  a  tune: 

AiR-Pipei,  an  invention  dne  to  Mr.  Sutton,  a  brewer,  of 
London ;  being  intended  for  clearing  the  holds  of  ships,  and 


When  the  piston  is 


other  closo  placea,  of  their  fonl  air.  Tbe  principle  npon  vUA 
this  contrivance  is  founded,  is  well  known ;  being  no  otber  tbu 
the  rarefying  power  of  heat,  which  by  causing  a  diminaiEon  in 
tbe  density  of  the  air  io  one  place,  allows  that  which  is  in  con- 
tact with  it  to  rush  in,  and  to  be  ancceeded  by  a  constant  anp- 
pjy  from  remoter  parts,  till  tbe  air  becomes  every  where  e<jnaRy 
elastic.  If,  therefore,  one  end  of  a  loog  tube  tie  placed  in  tbe 
bold,  or  place  to  be  purified,  while  the  other  end  of  the  tube  be 
Bufficiendy  heated,  the  fool  air  will  be  constantly  drawn  np, 
and  snpptied  by  fresh  air  from  above. 

Am-Fump,  a  popular  pneumatic  machine,  that  draws  ont  or 
exhausts  the  air  in  a  proper  vessel.  The  conslmction  of  this 
machine,  and  its  principle  of  action,  may  be  thus  explained, 
lig.  34 : — Let  B  represent  a  section,  (tbe  section  of  a  perfectly 
□Diform  metallic  barrel  orpipe.)  com 
municatiog  with  the  glass  receiver  A, 
by  means  of  the  inferior  tube  t,  t ;  let 
P  be  a  piston,  attached  to  the  rod  R, 
and  fitting  the  barrel  air-tight ;  e  and 
e,  are  two  vslves  opening  upwards, 
one  in  the  piston,  the  o1her  in  tbe  end 
of  the  tube  1 1.  CD  supports  the 
receiver,  which  is  placed  00  wet  lea- 
ther collars.  When  the  piston-rod  is 
pushed  down,  the  air  in  the  barrel  is 
compressed,  the  lower  valve  shut,  but 
the   valve   of  the  piston  opens,   and 

allows  the  air  in  the  barrel  to  rush  01.   . ^ .. 

drawn  up,  its  valve  is  shut  by  the  enternal  atmosphere;  but  tbn 
air  in  the  receiver  pushing  op  tbe  valve  v  of  the  tube,  rushes 
into  the  barrel,  which  is  again  filled  with  air  as  much  rarer 
than  before,  as  the  contents  of  both  barrel  and  receiver  exceed 
that  of  tbe  receiver  alone.  Every  stroke  diminishes  the  den- 
sity of  the  confined  air  in  a  constant  proportion,  namely, 
as  much  as  the  whole  content  exceeds  that  of  the  cylinder  or 
barrel ;  and  conseqaently,  tbe  sum  of  as  many  diminutions  as 
there  are  strokes  of  the  piston,  will  shew  the  whole  diminution 
by  all  the  strokes.  So,  if  the  capacity  of  the  barrel  be  equal 
to  that  of  the  receiver,  in  which  the  communication-pipe  is 
always  to  he  included,  then,  the  barrel  being  half  the  sum  of 
the  whole  conteol,  half  the  air  will  be  drawn  out  at  one  stroke ; 
and  consequently,  the  remaining  half,  being  dilated  tbrongb 
the  whole  or  first  capacity,  will  be  of  only  half  the  density  of 
tbe  first;  in  like  manner,  after  the  second  stroke,  the  density 
of  tbe  remaining  contents  will  be  only  half  of  tbat  after  the  first 
stroke,  that  is,  anly  i  of  the  nriginal  density :  continuing  this 
operation,  it  follows  that  the  density  of  the  remaining  air  win 
be  1  after  3  strokes  of  the  piston,  ^  after  4  stroks,  i,  after  6 
strokes,  and  so  on,  according  to  the  powers  of  tho  ratio  \  ;  tbat 
is,  such  power  of  the  ratio  as  is  denoted  by-  tha  uuiubi:  oCtbe 
strokes.  In  like  manner,  if  the  barrel  be  }  of  the  whole  con- 
tents, that  is,  tbe  receiver  double  of  the  barrel,  orfof  the 
whole  contents  ;  then  the  ratio  of  diminution  of  density  being 
I,  the  density  of  the  contents,  after  any  number  of  strokes  of 
the  piston,  will  be  denoted  by  such  power  of  |,  whose  exponent 
Is  that  number ;  namely,  the  density  will.be  1  after  one  stroke, 
(I)'  or  J  after  two  strokes,  {{f  or  f  after  three  strokes,  and  in 
general  it  will  be  (])<>  after  n  strokes:  the  original  density  of 
the  air  being  1. . 

Tkt  Common  Atr-Pump,  fig.  35,  is  both  portable  and  con- 
venient. E,F,G,H,  is  a  square  table  of  wood;  A,A.  two 
strong  barrels  of  brass  frmly  fixed  by  tbe  bead  bar  T,  T. 
and  tbe  pillars  N,  N.  These  barrels  communicate  wUb 
two  tubes,  as  shewn  in  diagram  34,  each  having  its  valve 
opening  upwards,  as  have  also  the  pistons  their  valvea.  la 
this  machine  the  pistons  are  worked  by  a  cog-wheel  fixed 
in  the  bar  T  T,  and  turned  by  the  handle  B.  The  teeth  of  the 
wheel  work  in  tbe  piston  racks  C,  C.  P  Q,  a  oircular  brasa 
plate  to  hold  the  receiver,  has  a  hole  in  its  centre  that  commn- 
nicates  with  the  piston  tubes.  In  the  piece  D,  at  V  there  is  a 
screw  which  closes  the  orifice  of  one  pipe  for  the  porpose  of 
admitting  the  external  air  when  required.  L  M  is  the  glass 
receiver,  out  of  which  the  air  is  to  be  exhaualed,  when  placed 
on  tbe  plate  P  Q,  which  is  previously  covered  with  a  wet  sheep- 
skin, or  smeared  with  wax.  to  prevent  the  air  from  insinnativ 
,  under  the  edge  of  the  glaas.    When  tbe  handle  B  Is  torue^ 


MOrmilAltV  or  IIBCflAHICAX.  KIBKCB. 


«M  «f  the  pMoBi  k  nbed,  ud  Ae  odur  dtrprauedi  cotue- 
^pMtfr  a  *«id  •pMS  ts  left  hMwrna  tlM  niied  pUlon  ami  the 


,-»«T 

!•»«  *•!*•  in  tW  OMi 
'    rLM 


idag  «ith  the  barrel  by  the  otifiee  K,  i*- 
» the  lower  vklve  by  iu  cpnag,  and  espukdi  iato 
.ud  tbiu  apart  oT the  air  U  llw  rreeiverii  ex- 

kaadle  tbon.  beiaKtamed  tbo  eoatrary  way.raiiM 

•CImt  pinm,  sad  p«rJaru  O*  aane  Mt  u  Ita  eorrapoad- 


ieaM,ai 

Tlakai 


-aha  «M«  the  poDM  In 


«at  hanvl :  whfla.  i*  t^  meta  time,  the  Brst-Meatioiwd  pUlMi 

tij^jiMiViwril  tfir-ii-'-j-'-T-'-r"''"" "'*''•" 'tt  lad 

■^iiKtteYahralnlhe^datoB.iBaliealUcscape.  Thesotiouaf 
the  lHT-"-*-'*-r'rr'"  reverted,  the  int  barrel  a^n  eshaDit*. 
id  dbeharfca  the  air  Id  iu  tara :  and  Ibai,  daiiag 
•  i*  worked,  one  barrel  eshaait*  tbe  air  frov 

... it  the  other  diMh«Tp:e«  It  tbrcwfb  the  ralie  In 

tofiakM.  Haweeilue*fdeDt,tbattbe  varaoaila  tberer«ifer 
■rfAit  iijr-p""p  (aad  the  lame  ma;  be  aald  of  all  others)  can 
•••ar  be  perfect;  that  ii.  the  air  cm  sever  be  eatirely  ex- 
iMMWd:  fer  It  k  the  elajtidty  of  the  air  in  the  Trcei*cr  that 
nises  the  valTc,  aad  foreci  air  into  the  barrel ;  and  the  barrel 
at  each  exiaction  can  only  take  away  a  oertatn  pari  of  the 
mwiaing  air,  which  ii  io  proportion  to  the  qoaatity  before  the 
■troke,  a*  the  eapaciiy  of  the  barrel  to  the  torn  of  the  capaeitiea 
wt  the  barrel,  receiver,  and  comma nicatioK  pipe.  And 
ha*C  ahewB  the  ratio  of  exbansliOD,  fioiaic  •>  in  f^eometrieal 
BvanrMUw.  until  the  elaslicity  of  Ibe  inciadod  aJr  is  loo  feeUe 

r-^  .       ..__._-,,  .V-  _,.. !.._  .u.  rooeirer  is  laid  to  he 

y  be  very  aecaratelj 

ad  the   method  iiaa 

Ta  the  nech  of  a  k'***  botile.  made  In  the  torm  of  a 

I  talk,  adapt   a    cap    and    talve    openiaK  oatwarda, 

•  tt  OB  the  pamp,  aad  exhauit  it  to  a  knowo  deftree,  which 
will  be  ihewa  by  ibe  fcaage  atunhrd  lo  the  pump  for  that  par- 
paaa:  then  ftoai  the  weiKhl  of  Die  boide  before  aad  after 
ilfcaBllhm.  we  have  the  wei|[ht  of  the  cxbaaited  air ;  and  fraet 
*c  ralle  of  the  hei|[ht  of  the  mercury  ia  the  trsuire  to  Ae 
— »«i»«^  altltade.  we  kaow  the  proportion  whieh  the  cihauded 
pMt  h«an  to  the  ithole  air  oriirnally  ia  the  TCHel,  wbnae 
«d|ht  la  thmTore  known.  Sublrnctinfc  this  weight  from  the 
wiifht  •€  the  vcsiel  when  full  of  air,  there  will  remain  the 
wciiAt  of  the  Teaid  itKlf :  fill  it  with  water,  and  wei|h  it,  and 
■liaLl  Ibii  iiilnlil  iif  Till  TMKcl  from  this  weipcht :  the  reniaia- 
dcr  H  the  welcht  of  a  bulk  of  the  same  maftnllade  with  the  air 
wUcft  flla  the  leuH.  and  whose  wcifAt  was  also  prerionsly 
Miaiiyniiil  Following  this  method,  it  baa  bcea  foaad  by  a 
mtmm  of  •CTerai  cxperinents,  that  the  apedle  pwrlty  of  air  Is 
■atbM  of  water  aa  1^129  to  1000,  very  nearly,  when  the  bar»- 
■  at  SOioefaes,  and  injhe  mean  tewperatore  ofvfi 
I  agrees  with  the   reeatt 


tapash  np  the  *al*e  of  the  piston,  when  the  rn 
ciUaaM.— The  speciSe  gravity  of  air  may  I 
axiiialiwl  hy  aeaaa  of  this  machine,  aad 


—That,  in  the  cx> 
.  .  „  1  eqaally  awift ;  m, 
a  piece  of  metal  and  t  feather  Ml  from  the  top  of  a  tall  readvor 
to  the  bottom  exaotly  together:  That  BMMt  aalMals  die  ia  a 
-'- bot.  ho»  --■-■ •- ..-— ^ 


tbey  swell  moch,  live  an  boar  n  two;  aad  after  heinf 

ingly  qolte  dead,  come  to  life  araio  la  "      

snails  survive  abont  ten  hooni  ella,  or 


opeaaif :  llMt 


three  days :  aad  leeche*  five  or  six ;  That  oyaten  Nve  far  M 
boars  :  Ihat  the  heart  of  aa  eel  takea  oat  of  the  body,  Ma- 
tinaes  lo  beat  lor  a  |(ood  part  of  aa  hoar,  and  that  awia 
briskly  than  ia  the  air:  That  wann  blood,  biMe,  gall,  ha, 
undergo  a  coDsideiabIc  lataatesaeaee  and  ebalUtlao  :  That  a 
moose,  or  ether  animal,  may  be  hroaght  by  demen,  to  eafc 
five  longer  ia  a  taitBed  air,  than  it  doe*  aataraily :  That  air 
may  retaia  iU  asnal  preitore,  after  it  la  haeoaa  aalt  for 
respiratioa :  That  the  egfs  of  ailk-worMe  hateh  ia  vaeao :  net 
vegetatiaa  at(^ ;  That  fire  extingtdshes.lhe  fame  of  aeandla 
nsnallf  Reing  oat  ia  oae  minato,  aad  Uva  efcareoal  la  aboat 
five  minutei. 

CtaU>trttoWt  Air-Pvmji.  is  exhibited  la  fig.  38.  with  its  twa 
principal  gaoges  sorewed  iato  their  places ;  hal  theae  are 
seldom  used,  exeept  when  great  delicacy  Is  repaired ;  Car  ia 
the  common  experiments  one  of  them  Is  remeveid,  nnd  a  sto^ 
screw  put  in  Its  place:  nnd  when  all  the  three  gaagee  ara 
Dsed,  the  stop-serew  B  admita  the  air  iato  the  raoaher.  Tha 
dotted  lines  reprcseat  a  tranaverae  bar  that  kecfe  the  barrela 
steady  :  N,  N,  are  two  rilpa  of  wood  that  keep  this  bar  dowa : 
O,  O,  are  screws  that  fix  it. 


Fig.  37  is  a  section  of  otw  of  the  barrels  with  all  iU  internal 
parts,  and  Ges.  38,  30.  40.  and  41,  are  dilTcrenl  paris  of  the  pis- 
ton, proportinned  to  (he  sise  of  the  barrel,  and  to  one  another. 

In  fig.  37,  C  D  represents  the  barrel,  F  the  cottar  of  leather*, 
O  a  hollow  c)lindrical  vessel  to  cootain  oil.  R  is  also  an  oil- 
vessel  to  receive  die  oil  wMcb  is  drawn,  atoajr  with  the  air, 
throngh  the  hole  aa,  wheti  the  plalon  is  drawn  upwards ;  aad, 
when  tUa  U  fM,  tha  oil  to  carried  over  with  the  air,  aleag  the 
Me  T,  Mo  ka  atl^ve«Ml  O.    c  c  ie  a  wire  wyeb  ia  drivni 


DIOTIOKARY  OF  MBCBjlNIOAL  SOIBNCS 


Bpmrdi  from  tha  bole  asbjthe 
pUMge  of  tbe  air ;  and  aa  aooa 
as  tbU  has  escaped,  it  falls  down 
again  by  iU  own  weJKbt,  sbnls  ap 
die  bole,  and  preveoti  ail  retom 
of  the  air  into  tbe  barrel.  Atdd 
are  fixed  two  pieces  of  brass,  to 
keep  the  wire  «  c  in  a  rertioal  di- 
rection, that  it  majaconrately  shot 
titt  bole.  H  Is  a  ojlindrical  wire 
or  rod  which  carries  the  piston  I, 
and  .if  made  hollow  to  receiTe  a 
long  wire  q  q,  which  opens  and 
ahnts  the  hole  L ;  and  oo  the  other 
end  of  the  wire  O  is  screwed  a 
not,  which,  b;  stoppiDg  in  the  nar- 
rowest part  of  the  bole,  prevents 
the  wire  firom  beiog  driven  op  too 
far.  This  wire  and  screw  are  more 
clearly  seen  in  fig.  42  and  41 ;  they 
■tide  in  a  collar  of  leather  r  r,  fig. 
43  and  40,  in  tbe  middle  piece  of 
the  piston.  Fig.  38  and  40  are  the 
1  parts  which   compose 


the 


piston,  and  when  the  pieces 
and  41  are   added  to  it,  the 


whole  Is  represented  by  fig.  42. 
Fig.  40  is  a  piece  of  brass  of  a 
conical  form,  with  a  shoulder  at 
the  hottom.  A  long  hollow  screw 
is  eat  in  it,  aboat  two-thirds  of  its 
length,  and  tbe  remainder  of  the 
hole,  in  which  there  Is  no  screw, 
is  of  about  the  simo  diameter  with 
the  screwed  part,  except  a  thin 
plate  at  tbe  end,  which  is  of  a 
width  exactly  eqnal  to  the  thick- 
ness of  q  g.  The  part  of  the  inside 
of  the  cooical  brass  in  which  no 
thread  is  cut,  is  filled  with  oiled 
leathers,  with  holes  through  which 
f  q  can  slide  stiffly.    There  is  also  > 

a  male  screw  with  a  hole  in  it, 

fitted  to  g^,  sening  to  compress  the  leather!  re  In  fi^. 
38,  aaaa  is  the  outside  of  the  piston,  the  inside  of  which  is 
turned  so  as  exactly  to  Gt  the  outside  of  fig.  40.  bb  are  ronnd 
leathers  about  60  in  number,  c  e  1*  a  circular  piece  of  brass  of 
the  sice  of  the  leathers,  and  dd  is  a  screw  serving  to  compress 
tiiem.'  The  screw  at  the  end  of  fig.  3B  is  made  to  Gttbe  screw 


Id  fig.  40.  Now  if  fig.  41  be  pushed  into  flg.  40,  this  into  fig. 
S8,  and  fig.  39  he  screwed  into  the  end  of  fig.  40,  these  wSl 
eompose  the  whole  of  the  piston,  as  represented  in  fig.  42. 
H  in  fig.  37  leprescnts  the  same  part  as  H  ia  fig.  42,  and  is  that 


to  which  the  rack  is  fixed.'  If,  dierefore,  ttis  be  dmrH 
npwards,itwilleaasefig.40  to  shat  close  into  fig.  38,  and  drire 
oat  the  air  above  it :  and  when  it  is  poshed  downward,  it  will 
open  as  far  as  tbe  shoulder  aa  will  permit,  and  suffer  air  to 

iiaas  throagh.  A  A,  fig.  43,  is  the  receiver  plate.  BB  Is  a 
ong  square  piece  of  brass,  screwed  into  the  nnder  side  of  th« 
plate,  ibrough  which  a  bole  is  drilled  oorrespondii^  to  that  is 
the  centre  of  the  receiver-plate,  and  with  three  female  screwa 
(,  b,  c. — The  rarefactian  of  the  air  in  the  receiver  is  effected  as 
follows  :  Suppose  tbe  piston  at  the  bottom  of  the  barrel.  Tba 
inside  of  the  barrel,  from  the  top  of  the  piston  to  a,  contains 
common  air.  When  tbe  rod  is  drawn  up,  tbe  upper  part  of  the 
piston  sticks  fast  in  tbe  barrel  till  the  conical  part  connectMl 
with  tbe  rod  shnts  the  conical  hole,  and  its  sbouldcr  applies 
close  to  its  bottom.  Tbe  piston  is  now  shut,  and  therefore  tha 
whole  is  drawn  np  by  tbe  rack~work,  driving  the  air  before  it 
through  tbe  hole  a  a,  into  the  oil-vessel  at  R,  and  ont  into  tbe 
room  by  the  tube  T.  Tbe  piston  will  then  be  at  the  top  of  tbe 
barrel  at  d,  and  the  wire  q  q  will  stand  nearly  as  represented 
in  the  fignre  just  raised  from  tbe  hole  L,  and  prevented  from 
rising  higher  by  the  nut  O.  Dnring  this  motion  tbe  air  will 
expand  in  tbe  receiver,  and  come  ^ong  tbe  bent  tube  m  into 
the  barrel.  Thus  tbe  barrel  will  be  filled  with  air,  which,  as 
tbe  piston  rises,  will  b«  rarefied  in  proportion  as  the  capacity 
of  Ihe  receiver,  pipes,  and  barrel,  is  to  the  barrel  alone.  When 
the  piston  is  moved  down  again  by  tbe  rack-work,  it  will  force 
tbe  conical  part  of  fig.  40  oat  of  the  hollow  part  fig.  38,  as  far 
81  the  shoulders  a  a.  Fig.  43  will  rest  on  a  a,  fig,  38,  which  will 
then  be  so  far  open  as  to  permit  the  air  to  pass  freely  thronrh 
it,  while  at  tbe  same  time  the  end  of  ;  ^  is  forced  against  tte 
top  of  the  hole,  and  shuts  it,  in  order  to  prevent  any  air  from 
returning  into  tbe  receiver.  Thus,  tbe  piston  moving  down- 
wards iniS'eTs  the  air  to  pass  ont  between  tbe  sides  of  fig.  38 
and  40 ;  and,  when  it  is  at  the  bottom  of  the  barrel,  will  have 
the  column  of  air  above  it:  and,  consequently,  when  lirawM 
upwards  it  will  shut,  and  diive  ont  this  air  and,  by  opening  the 
hole  L  at  the  same  time,  will  give  a  free  passage  to  more  air 
from  the  receiver.  This  process  bein^  continned,  the  air  of  the 
receiver  will  be  rarefied  as  far  as  its  expansive  powe»will 
permit  For  in  this  machine  there  are  no  valves  to  be  forced 
open  by  the  elasticity  of  the  air  in  the  receiver,  which  at  last 
it  is  unable  to  effect.  There  is,  therefore,  nothing  to  preveat 
tbe  air  from  expanding  to  its  utmost  degree. 

MaidtUtohn's  Air-Pump. — It  has  been  objected  to  Cuthbert- 
son's  air-pump,  that  its  complex  stnicture  renders  it  difficult 
to  be  cleaned  andpnt 
together,  and  kept  in  i'jvU. 

proper  order  for  ex- 
periments. Accord- 
ingly, Mr.  Mendels- 
sohn, a  mathematical 
inslrument-maker,re< 
siding  in  Great  Sur- 
rey -  street,  Blaok- 
friars'  -Road,  having 
reflected  upon  the 
difficulties  jDst  allad- 
cd  to,  was  led  to  the 
oonstmction  of  amore 
simple  air-pump,  ca- 
pable of  being  easily 
put  tt^ether  when- 
ever cleaned,  and  re- 


jects the  lube,  in  cc 
mon  air-pumps,  lei 
ing  from  tbe  valves 
to  the  receiver,  toge- 
ther  with    the   cock    | 
that  shuts  this  pipe : 
thereceiverispatim-    I 
mediately   npon    the   | 
valves  which  are  in  the  ' 
top  of  tbe  barrels;  and 
the  rack-work  and  pinion  bang  vndomoatbi  tbe  wlud*  lutn* 
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■ntb limited.  Iiilf.44jMh>T«klUlaf)(htorMendelit«bn'i 
tkfmnp,  wberaio  AB,  C  D,  mm cylindcTS  oritlftM,  tcnMind  ■nd 
faluhed  iniide.  B  and  F,  TmlTu  tllowlii;  Iba  fljHnden  to 
MBUMRfMla  whb  the  Toeriver  O,  thravgh  two  very  ibort 

*e  cock  O.    Two  other  r  ^ 

nhca  that  open  into  the  I   '-' 

atMoepbete,  are  wiihin 
dM  coven  i  *ad  t.  m  nut j 
be  fees  io  t%.  4&,  where 
«  rcpresenti  one  of  them. 
M  N,  the  receiver  plate. 
P  Q  baroBwier  K*"ICe. 
BK  aad  IL,  brua  pJl- 
■apport    the 


bra    that    lapport    the  *|J" 

wMa.  R8VW,theaiaal  if  -TtHt  T»- 

rKk-work,  with  a  doable  itQiirbJ       {. 

wucfc  /at.   The  whole  in-  U  -^-4-  -^ 

•trwBMDt   ts  fixed  upon  )        M, 

er 


a  natoganr  table.    KS, 

W  V.  aopport  the  rack! 

■■d    the   dlaiconali,    on 

vUefa  Ae  pinion  of  the 

eof- wh«cl     moves. — To 

■hew  how  ibia  pomp  acta, 

it  will  be  tafleient  to  ex- 

pfauB  the   action  of  one 

cjliader  .becaiue  the  other 

li  ia  all  parti  like  it    E 

k  a  conical  taetallic  valve,  from  wbieh  a  eanal  goet  lbroa|[b 

IbeeockOnpto  the  receiver,  a*  is  iwiiinB|C-46  and  46.  where 

aB  tbe  part*  are  marked  with  the  lamr  leltera.    BT  is  a  iteel 

t«d  gm^K  through  a  leather  box  in  the  pliton  U.    The  lop  of 

Ibia  rod  ia  fixed  to  the 

v^ve  B,  and  ita  bottom 

part  tUdea  in  a  imall  bole 

with  nnallowaitceoro-l 

inch  ap  and  downward, 

BiMBq neatly  the  valie  B 

caa   BMtve     no    farther. 

When    Ibe    piaton    de- 

~       't,  it  opens  the  valve 


enter  baa  aceeat  to  the 

cilindcr.     When  the  pii- 

loB  rvtanu,  it  lifts  the  rod 

BT,   aad    shall    np  the 

valve.      Then  the  piston 

slidea   alonit  the  rod  to 

the  top  of  the  cylinder, 

raadensin;  the  air  above 

it.  wbtch.  by    the  least 

faadensalion,    opens    a 

valve  «.  Bt.M,  and  escapes 

bedy  into  tbo  atmoipaere.    TUs  last  valve  has  neither  ipHnu 

■ar  addiiional  weisfat  to  shat  it,  bot  ibots  by  its  own  weight. 

(Aoat  a  quarter  of  an  ounce,)  as  soon  as  the  piston  is  arrived 

tt  the  to^  of  the  cylinder.     The  cylinders  are  made  of  glass, 

md  rJW  futaat  e^lia,  fo  wtttfitttd  at  to  b*  air-tipkt,  wtfAoat  (A* 


.  ,..  . mt  W' a»g Uatirr*.  The  friction  of  tliese  two  bodL_. 
ii  reiaarkabfy  small ;  a  snBcieiit  proof  that  they  will  be 
danUc.  They  possets  the  further  advantace  of  beinjc  capable 
if  stasdinf  for  even  six  month* ;  after  wnicb  lime  they  will 
anve  witboat  beinf  cleaned  or  repaired,  beeanse  tfaey  are  not 
lahle  to  be  corroded  by  the  oil  which  ihcy  contain,  an  ineon- 
leaicBC*  too  fceneral  in  brass  cylinders.  If  the  present  pump 
ibeald  wani  eleaninx,  take  off  the  top  piece  o  A,  by  nnscrewioK 
Ac  aats  H  and  I,  when  this  piece,  with  all  the  apparatns  upon 
tt  will  eome  of.  Then  each  cylinder  may  be  siid  off  from  the 
flitoB.  wiped  and  replaced,  after  havi ok  greased  it  inside  with 
a  bole  sweet  oil ;  the  top  is  then  pat  in  its  place,  and  Ibe  two 
aMs  H  aad  I  being  screwed  npon  it,  the  inatmment  is  ready. 
■atkarnduaor  piaton  >e«d  In  be  taken  oat  oT  ikeir  pUees, 


'.-^-&i^ 

:\::^^ 


the  cylinders  standing  above  them.  The  cock  is  eonatrocted 
so,  that,  being  in  the  siloalion  represeoled  in  fig.  4A,  <h«  com- 
munication is  open  between  the  cylinders,  Ibe  receiver,  and  tbe 
barometer- gauge,  and,  by  a  qnarter  of  a  revolniion,  the  eylin- 
ders  are  excluded,  the  receiver  and  gauge  being  nlill  left  in 
communication.  A  Mule  stopper,  ground  into  the  cock,  beinc 
open,  air  is  admitted  into  the  receiver,  if  it  is  required. 
The  glais  cylinders,  the  method  of  Ibe  valves  opening,  are  new  j 
Ibe  metallic  pistons,  witbont  leathering,  add  to  their  darabi- 
lily.  and  tenReo  the  labour  of  pumping.  In  short,  the  whole  is 
vantly  snperior  to  tbe  common  pnmp. 

AIR  h<mr,  a  pneomatic  machine,  formed  by  the  oonbina- 
tion  of  hydrogen  gas  and  eleciiicity,  which  by  tnming  a  atop- 
cock,  produces  a  flame  that  may  be  regulated  at  pleasure, 

AIR  Gun.  tig.  47,  a  pneamatio  instrument,  which  will  drive 
a  bullet  with  great  violence  by  means  of  condensed  air  foreed 
into  an  iron  ball,  B,  by  means  of  a  condenser.  The  operation 
depends  upon  the  elastic  power  of  air,  which  increasea  ia  pro- 
portion to  the  degree  of  condensation  imposed  on  IL  Mow 
Ibe  elastic  power  of  fired 

gunpowder  being  equal  ^     TtyJ,7. 

to  the  pressure  of  1000  '^  ' 

atmospheres,     or    ItXM)   I 
times  greater  than  thai   1 
of  common    air,   it   fol- 
lows, that  in  order  to  produce  tbe  same  effect  with  aa  air-Km 
as  with   a  firelock,    the  air  must  be  compressed   iato  oae- 
thoosandth  part  of  its  natural  bulk ;  and   for  all 
inferior  degrees  of  condeosatioa,  the  effect  will  B 

be  proportionally  diminished ;  aiid  as  the  velo-  fcj 

cities  with  which  equal  balls  are  impelled,  are 
directly  as  tbe  square  root*  of  the  forces  acting 
upon  them,  we  shall  be  able  always  toeilimate  the    ' 
effect  previous  to  any  explosion  taking  place. 

The  Onuteiurr,  fig.  48,  farces  the  air  into  the  ^KI 
ball  B ;  at  tbe  cad  ■  Is  a  mala  acrew,  on  which 
the  hollow  ball  B  is  screwed,  ia  order  to  be  filled 
with  condensed  air.  Yon  set  your  feet  on  the 
rod  AA,  take  tbe  handle  t'i  into  year  band,  and 
pnmp  tbe  ball  A  fall  of  air,  which  the  screw  ■ 
secure*  till  you  fasten  the  ball  to  the  gun  for  use. 

The  Ain-Da^tr,  fig.  48,  is  thus  produced.     AB  C  is  a  thin 
partition  of  a  room  down  to  the  loor,  with  an  apparatus  for  a 
good  convex  leas,  H,  turned  oatwards  into  the  room  aearly  ia 
a  horisontal  di- 
rection, so  as  to 
be  viewed  by  a 
person    stand- 
ing at  F.     The 
large    concave 

ported  at  a  pro- 
per angle,  to 
reflect  upwards 
throngh  H  the 
glass  in  the  par- 
tition B,  images 
of  objects  at  B 
presented  to- 
wards the  mir-  t^ 
ror  below.     A 

strong  light  from  a  lamp  L,  being  direeted  on  tbe  object,  and  aa 
where  eUe,  than  to  the  eyecf  the  spectator  F,in  a  darkened  room; 
it  i*  truly  surprising  and  admirable  to  what  effect  the  images 
ar«  reOecled  up  in  tbe  air  at  O.  Bxfaibitiou  of  spectres  are 
formed  on  this  priacipleof  ratepin>(. 

AIRA,  in  Botany,  bair-gras*. 

AIRS,  in  the  hlanege,  tbe  artificial  motions  taught  bonea, 
as  tbe  demivolt,  corvet,  capriole. 

AIRY,  or  AERIB,  tbe  nest  of  a  bawk  or  eagle.  AiKV  Irv 
friicitv,  Ibe  three  signs,  Gemini,  Libra,  Aquaria*. 

AiVOA.  in  Botany,  tbe  bugle. 

AJUTAGE,  a  tube  fitted  to  the  moalb  of  the  vessel  throogh 
wbieh  the  water  of  a  fountain  is  played:  and  to  the  different 
of  form  and  structure  of  efal^umaybe  aaoibed  tbe 
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ALa 


AL^  the  lobes  of  fte  IWer :  the  eartiltges  of  the  aofltril. 

ALABASTER,  a  mineral,  differiBg:  from  marble  in  being 
Qombined  with  sulphuric  acid. 

ALARM,  the  liriofi^  of  a  cud,  &c.  to  f^ive  notice  of  an 
enemy,  kc.  Clocks  and  watches  sometimes  have  Alarms^  or 
AJUarum*' 

Alabm  BtU^  that  rang  apon  any  sudden  emeigency :  Alarm 
poii,  a  rendeSTOos :  Alarm^  in  Fencing,  a  challenge. 

ALBA-FIRMA,  rent  paid  in  silver,  and  not  in  coin,  which 
was  called  hlaek  auii/. 

ALBIREO,  a  star  of  the  fourth  magnitude,  in  the  Constella- 
tion Cygnos. — Alboko,  a  small  red  ish  caught  in  the  Mediter- 
ranean« — Ajlbuca,  bastard  star  of  Bethlehem. — A1.BI100,  a  white 
spot  on  the  cornea  of  the  eye,  that  produces  blindness. 

AI^UMBN,  the  white  of  an  egg ;  an  animal  or  Yegetable 
sidMitance. 

ALCE,  the  elk. — Alcba,  holly-hock.— Alcbdo,  the  kingfisher. 

AliCHEBilLLA,  ladies'  mantle ;  both  the  leaves  and  roots 
of  which  might  be  of  use  where  mild  astringents  are  required. 

ALCHEMY,  that  branch  of  Chemistry  which  had  for  its 
principal  objects,  the  transmutation  of  metals  into  gold; 
the  panacea,  or  universal  remedy ;  an  alkahest,  or  universal 
menstruum ;  an  universal  ferment ;  and  many  other  things 
equally  ridiculous. — Alchemy  took  its  rise  among  the  Arabians, 
about  the  commencement  of  the  fourth  oeotury.  This  deUtsive 
dream  holding  out  a  bait  to  avarice,  soon  attracted  a  host  of 
fbUowers.  Intaxicated  with  the  idea  of  boundless  wealth, 
they  occupied  theii  time  in  searching  for  the  pA»/M«iA«r't 
tfone,  and  for  a  /Hmaeea  or  nniversal  remedy,  which  should 
core  every  disease,  and  confer  the  boon  of  immortaiity  00  the 
fortunate  discoverer  of  the  invaluable  secret  Diociosian, 
fearful  that  the  Tisions  of  the  alchemists  might  be  reaitsed, 
ordered  aH  their  books  to  be  bamt.  Roger  Baoon  the  aieho- 
mist  was  excommunicated  by  the  pope,  and  suffered  Um  years 
imprisonmem  for  supposed  dealing  with  the  devil ;  and  Para- 
celsus was  thought  to  have  an  evil  spirit  in  the  pommel  of  his 
sword.  The  language  of  this  prince  of  alohesiists  was  a  tissue 
of  boasting  and  falsehood :  he  promised  immortality  in  this 
world  to  his  disciples,  hut  his  own  death,  in  1641,  opened  the 
eyes  of  his  deluded  followers,  and  blasted,  their  aaogoine 
hopes. 

ALCOHOL,  spirit  of  wine  highly  rectified :  it  is  light  and 
inlammable,  and  being  highly  antiseptic,  is  used  to  preserve 
animal  substanoc«.  ne  spint  of  wine  of  commeree  is  only  an 
approximation  to  the  state  of  alcohol,  and  it  is  found  in  the 
shops  of  every  degree  of  strength  above  that  of  proof  spirit, 
but  divested  of  all  colour.  It  is  obtained  merely  by  a  re- 
distillation of  proof  spirit;— but  to  free  spirit  of  wine,  as 
much  as  possible,  from  the  water  vrith  which  it  is  always  more 
or  less  combined,  and  to  bring  it  to  the  state  of  alcohol,  the  aid 
of  other  processes  besides  that  of  distillation  are  necessary. 
To  obtain  pure  alcohol,  Rouelles,  a  very  able  French  chemist, 
recommends  to  draw  off  half  the  spirit  in  a  water  bath ;  to  recr 
tify  this  twice  over,  drawing  off  two-thirds  each  time;  then  to 
add  water  to  this  alcohol,  which  will  turn  it  milky  by  seperat- 
ing  the  essential  oil  still  remaining  in  it ;  afterwards  to  distil 
the  spirit  from  the  water,  and  rectify  it  by  another  distillation. 
Alcohol  is  not,  however, in  this  state  quite  pure;  it  may  yet  be 
freed  from  a  portion  of  water,  by  means  of  an  alkaUne  salt 
For  this  purpose,  muriate  of  soda  (common  salt)  may  be 
advantageously  employed,  by  first  depriving  it  of  its  water  of 
orystalUaation  by  heat,  and  adding  it  hot  to  the  spirit  The 
sabcarbonate  of  potash  is,  however,  considered  to  be  preferable. 
Abont  a  third  pwrt  of  the  weight  of  tho  alcohol  should  be  added 
to  it  in  a  Kla^s  vessel,  be  well  shaken,  and  tlien  allowed  to  sab- 
side.  The  salt  will  be  found  to  have  absorbed  water  from  the 
alcohol,  which  being  decanted,  more  of  the  salt  is  to  be  added, 
and  the  process  eontinued  until  the  salt  falls  dry  at  the  bottom 
of  the  vessel.  The  alcohol  must  now  be  sabjeded  to  a  ffnal 
distillation  in  a  water  bath,  to  deprive  it  of  the  red  tint 
obtained  from  tho  potash,  as  well  as  from  the  alkali  held  in 
solution.  Dry  muriate  of  lime  will  have  the  same  elTeet  of  ab- 
Bliractiag  tho  water  from  the  alcohol,  as  the  alkali  just  meotioBcd. 
Alcohol  being  mnch  Kgbter  than  water,  its  speoiie  gravity  is 
«sed  as  a  test  oC  iu  purity.  Foutefoy  considered  it  as  recti- 
fied to  tho  highest  point  when  its  speoillo  gravity  was  890^  that 


of  water  being  1000;  and  this  is  perhaps  neariy  as  Air  as  it 
can  be  carried  by  mere  distillation :  l^  the  addition  of  alkali, 
it  may  be  brongfat  to  613,  at  flO  Fahrenheit  Aoeording  It  ibm 
London  College,  it  shonid  be  616.  Tho  uses  of  alocM  wo 
▼arious;  it  dissoWes  with  great  facility  the  resins  and  csaasi 
tial  oils,  also  camphor,  bitumen,  and  various  other  svbstenoes, 
which  renders  it  of  great  service  in  pharmacy,  in  varions  other 
arts,  and  to  the  perfumers  in  particular.  When  dHnted  with 
an  equal  quantity  of  water,  constituting  what  is  oaUed  proof 
spirit,  it  is  used  for  extracting  tinctnres  from  vegetablo  ai4 
other  substances ;  the  alcohol  dissolving  the  resinons,  and  tho 
water  the  gummy  parts.  From  its  giving  a  steady  heat  wltli- 
out  smoke,  when  burned  in  a  lamp,  it  i%  extensively  employed 
for  heating  water  on  the  tea-table;  and  in  many  diemiQnl 
operations,  it  is  found  extremely  usefiiL  It  is  in  conuBon  woe 
in  preserving  anatomical  preparations,  and  many  subjeete  of 
natural  history. 

ALCOR,  a  star  in  the  tail  oC  the  coMteUation  of  the  Gfoat 
Bear. 

ALCORAN,  the  MahomeUn's  Bible.    Set  Koran. 

ALCOVE,  in  Architeetnre,  a  recess,  or  part  of  a  chamber 
separated  by  an  estrade  or  partition  of  oolnains,  and  other 
corresponding  ornaments,  in  which  is  plaeed  a  bed  of  state, 
and  sometimes  seats  to  entertain  company. 

ALDEBARAN,  a  star  of  the  first  magnitnde  in  the  constel- 
lation Taurus,  called  also  the  Boll's  eye. 

ALDER  Tree.  The  alder  grows  in  wiet  sitMdioas ;  its  wood 
is  useful  in  machinery,  as  cogs  for  raili-wheeis,  pumps,  water 
pipes,  &c.;  the  bark  is  useful  in  tanning,  and  in  dyeing  bUck,  by 
the  addition  of  copperas. 

ALE,  a  fermented  liqoor,  prepared  either  frooi  wheat,  or 
rye,  or  millet  or  oats,  or  barley,  or  the  berries  of  tho  4|Qiek 
fciean.    See  Brewing. 

Alb,  To  I&M.  Put  a  pint  of  strong  ale  into  a  sancepaa, 
with  three  or  four  cloves,  nutmeg  and  sugar  to  y«nr  taste :  set 
it  over  the  fire,  but  whenever  it  ^dUs,  take  it  off,  and  let  it  oool. 
Beat  the  yolks  of  two  eggs  with  a  little  cold  ale ;  pot  this  mix- 
ture to  yoor  warm  ale,  and  poor  the  whole  sevenU  tioMS  fhNn 
your  saucepan  into  a  mug.  Set  it  over  a  slow  fire;  heat  it  a  little ; 
then  take  it  off  again,  ami  heat  it  three  or  four  times,  till  It  Is 
quite  hot,  and  then  serve  it  up  with  dry  toast. 

Ale  Conner^  an  ofieer  in  London,  who  inspeotsthe  measvres 
used  in  public-houses,  chosen  by  the  liverymen  in  eommon-hall, 
on  Midsummer  day.  Their  places  are  now  only  regparded  as 
sinecures  for  decayed  citisens. 

ALEE,  in  sea  language,  when  the  helm  is  moved  over  to  the 
sea-side,  it  is  said  to  be  mlee,  or  hard  alee, 

ALEMBIC,  fig.  60,  a  chemical 
vesjiel,  usually  made  of  glass  or 
copper,  and  used  in  distillation. 
The  bottom  part  A  is  called  the 
cucurbit,  or  boiler ;  B  is  the  head, 
or  capital;  C  is  a  glass-tube, 
through  which  the  sublimed  sub- 
stances pass  into  D,  the  receiv- 
er. Retorts,  and  the  common 
still  worm,  have  entirely  sup- 
planted the  alembic  of  the  al- 
chemists. 

ALEXANDERS,     a     plant 
usually    found    growing    wild 
among  the  rubbish  of  old  ab- 
beys ;  it  was  much  esteemed  by  tho  BMwks :  and  to  the  poor 
who  use  it,  affords  a  wholesome  article  of  food. 

ALGA,  in  Botany,  Kehen  ;^kL^m,^fiage,  one  of  the  seven 
natural  families  into  wMcb  the  whole  vegetable  kingdom  is 
divided  by  Linnsstts:  they  are  properly  plants  whose  roots, 
leaves,  and  stems,  are  all  one ;  as  sea-weeds,  ke, 

ALG  AROTH,  an  oxide  of  antimony,  obtained  by  washing  the 
butter  of  oxymariate  with  pure  water. 

ALGEBRA,  the  science  of  Analysis,  whiok,  reasoning  upon 
onantity  or  number  by  symbols,  examines  in  general  all  the  dif- 
ferent methods  and  eases  diat  can  exist  in  the  doctrine  and  eal- 
eulation  of  numbers.  We  have  no  records  which  enable  us  Iq 
determine  anv  tfiing  with  regard  to  tho  date  or  aoihor  of  this  very 
important  scUnoe ;  having  arisoa,  in  aU  probability,  like  nM»»t 
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Mben,  bf  •uph  slow  mad  infMrcepUble  d«icre«a,  (iMt  wero  wi>  id 

rifrsRtM  of  all  the  writings  of  (he  ancients,  il  would  pcrhapji 
dIBcvll  tn  dnw  n  lino,  so  as  to  rirtCTinlmi  llie  ]>reciii«  criHt- 
Mancnnrnt  of  th(>  nUdirsic  nrt.  TJie  nnalvtkal  mflbnd  of 
iav«!iliinillnf(  pmbl<-uiii  mual  hii*D  iiii)riCMtcd  ibrirvrrv  curly 
to  mat hrmal Irian*.  Tliosr  unknown  ((iinntilirii  irhirli  arr  now 
rrpn'sriilril  by  Irttrm.  were  tn  tlie  infaitcy  of  this  icienen  pro- 
bahlj  rspiY^iiril  by  their  namas  at  full  lenfclh,  and  every  op«- 
ration  (irrrurmed  upon  them,  ax  addition,  xublraelioa,  niutli' 
pliealion,  tic.  wern  etprrMed  in  the  samfl  manner.  Ilnl  it 
•DuM  »oon  be  found,  that  in  this  way  a  usclesn  and  tirrwime 
rrpeiitiim  uf  the  HanM  words  would  oceur  in  thi!  moxt  xiinplo 
profalonii.  whence  we  nay  easily  conceive,  bow  the  iden  of 
ftipreiiinK  quantitiea  by  letters  lirst  aroic.  which  was  by  suh- 
•tilMtinir  Iha  initial  of  Ilie  word  fur  the  wnrd  itself:  the  several 
opcmtians  trere  aaon  after  represented  in  the  laTne  way  ;  and 
thai  b«  aueecsai\e  iniprovemrntu  arose  this  noble  and  compre- 
hesiive  xcienre,  whirh  in  its  present  state  does  honour  lo  the 
iDfrttlivc  icrnius  of  man. —  .\li;i'bra  ia  naturally  divided  iiilo 
nnmeral,  and  spri'iiiu«  or  literiil. 

.Vwiwrrsf  Ai-cEHR  t.  is  that  whinh  ia  chiefly  concerned  in  the 
Mluliun  of  numeral  problems,  and  in  which  all  (he  pvi'D  <]uan- 
litiea  are  eiprrised  by  namhi-rs. 

■VoerioKf  or  lAirrml  Ai.ORBaa.  it  that  eommotily  used  by  the 
Moderaa.  in  which  all  qiiaDlJtics.  whether  known  or  unknown, 
■re  expressed  by  f;encral  rharactnrs,  as  letters,  &c.  in  conso- 
qamcc  of  which  (ceneral  dcsifrnation,  all  Ihecunclusions  becnme 
■■iveraal  theorems  for  i>erfi>nBin;|;  eicry  operation  of  a  similar 
iNUre  with  thai  for  wDiirh  the  iaTrstieatioa  was  institoted. 
S>rry  fifcure  or  arithmetical  character  has  a  doterminate  and 
initiiidual  ralue  ;  as,  for  example,  the  Rmic  4  always  repre- 
■enta  uno  and  the  sa»e  nunibcr,  namely,  the  collection  of  four 
uil«:  alerhrairal  characters,  tm  t)>e  couirary,  must  be  K'ocral, 
Meprndent  of  any  partieulat  sijcnifi cation,  aiid  proper  to 
rrpretent  all  torts  of  quantities,  accordln^r  to  the  nature  of  the 
qoestinns  to  which  they  arc  applied :  farther,  they  niut  he  sim- 
}ila.  Bad  eaiiy  lo  describe,  so  as  nut  t0  br  traiiWesnBie  io  ope- 
■Uinn.  orfiitieuins  lo  the  memory-  Theso  advantaices  meet 
10  the  letters  of  the  alphabet,  which  are.  tberrforc,  atuallj 
tdoptrd  to  represent  maf;iiitad<-a  ia  a)ft«bra.  la  alxebraical 
iai]uiriet,  some  qinntities  are  assumed  as  known  or  Kiven ;  and 
Dibrr*  arc  ooknown  and  to  be  found  out :  the  former  arc  com- 
nonli  rrprrsenlrti  bv  the  leMlinic  letters  of  the  alphabet,  a,  b. 
I.  W.  ke. :  the  latter  by  the  final  letters,  w,  z.  y.  r.  Thcuprti  it 
■hen  tpoda  to  relieve  the  memory,  if  the  initiiil  letter  of  the 
■«hier(  under  coiuideralion  bo  made  use  of.  whether  that  be 
ka-'wa  iir  anknuwa :  thus  r  may  denote  a  ladias,  h  a  base,  p  a 
prrpradirular.  j  a  side,  d  density,  a  mass,  £lC.  The  charac~ 
tin  nsrd  l«  lirnote  ilio  uperaliunii  are  principally  thcie: 

+  sifuilii;*  nd'lilioii,  aiid  is  named  pin*. 

—  sicniiei  sublraelion.  and  is  Daine<l  imiriu. 

X  4i-niilcs  in II I ti plication,  and  i*  named  talv. 

-:•  denotes  diiisjoii.  and  is  nnnicd  by. 

^  the  m.irk  of  radicality  denotes  the  si^uuc. 

^  the  cube  rcNiL 

=  e<|nal{tv.  eqnal  to 

:  ;  :  :  proportion. 
\-j-ubersareroniircted  with  the  Alfrehraiesymbulsintwownys, 
'!■-.  'i.  r'.  sif:nifiiii)T7iiw<'«  X.  and  therd'omf/iuM'tr  of  f.  The 
f-ztrr  7  brfuri'  ihc  x  is  culled  aru-r/AWrnr.  and  shew  show  often 
r  It  lArn  1  the  li^ure  2  on  the  shoulder  of  jr  is  cnllcd  un 
ndw  or  tifatmtt,  and  denotes  the  power  i>f  the  letter  it 
t*hnst  to.  K  the  rxpiinciil  be  n  fraclion  ns  i'.  t".  it  denotes 
iL*  •__  root,  or  cube  root  at  s.  Likr  qxantitin  are  expresseil  by 
Ik*  (ante  letters  with  the  same  indices,  ns,  «.  da.  Tn;  mitilie 
cmtfari/iri  ennaisl  of  different  letters,  as,  o  and  b,  or  3  a  and  ,;>. 
^rmjitr  ^amntilin  are  enmpo^ed  of  one  term  only.  as.  ■,  *,  Bui, 
ia*.  tee.  Crmpoand  fwaafifiVr  consist  of  several  terms,  eon. 
i*Med  hr  the  «ffn  ;■/■*  it  mnnt ;  as  ■  +  t.  7««  —  Sft.  »*t  + 
*— e.  ke.  t'tuili'r^  *r  tfirmirlire  qwtnlilits  are  niirh  as  ha»e 
A*  *tcn  +  before  IhMH.  as,  ^  a,  -f.  ftry.  X/yntirr  ^uanlilift 
if^  'iuMe  whirh  have  Ike  sijrn  —  before' ihem,  as,  —  «,  —  A**. 
Itkt  naiu  are  alt  ■ntrmative(+).  or  all  neraiitef  —  ).  IMiit 
afw are enmpnoed  of  nHrmalive  (  +  )  and  negatival  — )ai|nis. 
A  imrmial  f  an/ilji  cDnihti  nf  tw*  lerms,  as,  a  +  t ;  a  lrim»- 


[  mm/  of  three  lentis.  a»,m  +  t—l;  and  a  ipta^rinomial  tf  foar, 
as«  +  i—  r  -^  d,  fce,  A  rttiiiumt  ^anluif  is  a  biuonii*),  la 
whirh  one  of  the  terms  is  iiejcative.  aa.  d  ^  A  A  (anf  ur  trre- 
ti'inirl  ipiaKtity  ha5  no  e^aet  root,  as,  ^o.  or  ^&*.  rr  ni\.  .\ 
it'hnal  ^Mtnlt/f  has  no  radical  sipi  (^>  or  indes  nniieved 
III  il.  as,  a  or  ai.     The  rtriproeal nf  any  ^Mantity  is  that  qiinnlity 

inverted,  or  onity  divided  by  it,  •«,  —  ia  — .   and  of  •--   iii  — 

— For  the  several  operatioDS  in  .4l)Ccbra.  as  addition,  uieilipii- 
cation,  iio.  we  the  several  articles. 

AIillKNEB.  a  flxed  star  of  the  srrond  maffnitude  in  the  eiin- 
steilntion  Perseus.  Algol,  a  star  of  the  third  roat;Biiude,  in 
the  •amp  eonslellation. 

ALIAS,  in  Law,  a  second  or  farther  writ  issned  from  tbf 
courts  of  Westmiuter,  after  a  Mpiai,  fce.  has  been  *u€<l  out 
w  I  then  I  efl'ect. 

ALIEN,  iu  Law,  a  foreigner,  one  not  within  the  kind's  alle* 

ALIKN^TION.  (he  act  of  makinfrovcr  a  man's  property 
in  lands.fkC.  lonnnther. 

Ai.tRNtTins',  in  Mortmain, 
politic,  by  Iho  king's  license,  ( 
fcilrd. 

ALIOTH,  a  star  in  the  eonstellHtinn  of  tho  Great  llrar, 
murh  used  for  fiadinfc  the  latitude  nt  sea. 

ALIQUOT  Per(,(frum<i/>f)wl».  any  Dumber  ortimes.>U«i)rh 
a  part  of  a  number  as  is  contained  ia  it  a  certain  nuinKfr  of 
tiiDcs.  and  may  therefore  be  otherwise  eoniiden-d  as  a  riliisor, 
or  rather  the  qaolii-nt  arisioK  fmn  division.     Sre  Division. 

ALKALI,  in  Chemistry,  a  parilrular  class  of  laJis.  The 
alkalis  at  present  known  are  these, — soda,  potass,  ammonia, 
barytes,  atrontia.  lime,  and  lithium.  Potass,  soda,  and  flint, 
malic  iclass  :  polnss.  soda,  and  oil,  make  snap,  kc.  The  alhnr 
lis  are  incnnibostiblc,  aoluble  in  water,  avd  pnsxess  an 
acrid  urinous  taste.  Thry  combine  readily  with  acids,  ami 
preetpilato  from  ihem  the  metals  with  wb:eh  they  had  been 
previously  eomhined.  They  change  vcRetuUe  hlues  to  irreew. 
red  to  violet,  and  vellow  to  brown.  Piilats  and  soda  rea4rf 
oil  mlsciblc  with  water,  and  so  form  soup.  Their  pnruli.ir 
cryslnlltEution  vihen  united  with  flint  is  obiiuus  in  ):Ii4ss.— 
Potath,  a  Tcnelahle  olkali,  exists  comjileicly  formrd  in  llie 
TCKetable,  or  Is  pnxluced  during  the  operalion  nf  eumbiiilioo. 
PntMsh  readily  combines  with  fat  anbstaitre*.  and  renilers 
thrin  soluble  in  water;  these  eombinaliniis  form  Mtap.  U'inv 
lees  may  be  rendored  almost  entirely  into  alkali  by  emnbiKliiin. 
This  alkali  is  irrecnish,  and  is  considered  pure.  The  e<-uibu?i- 
tion  of  wine-slone  also  furnishes  very  pure  alk.ili.  but  neiiira- 
liaed:  it  ii  known  under  the  name  nf  enrlninate  nf  jHitasb.  »r 
salt  of  larlnr.  If  potash  and  silr-x  am  fused  iriReilK-r,  Ihu  eom- 
binallon  forms  glass,  but  Itiis  protlurt  difli-n  in  its  prnperliea 
aeeording  to  (he  resprelive  iinanlities  of  silex  aiid  potash,  of 
which  it  is  composed. — Smda.  or  the  mineral  nlkali,  greatly 
reaembles  potash,  and  is  obtained  from  the  ashes  nf  insrinc 
ptaMa;  as  seii-we<'d,  An.  The  eomhinalion  of  sod:i,  nv  polasli, 
with  oils  or  fhl,  Ptrms  soap ;  (he  niiion  with  polaiih  afhirds  Mtfl 
snap,  and  tho  couihinatioii  of  soila  with  the  snnie  suhManees 
makes  hard  soap.  Mottled  soap  is  made  by  dispoxini;  the  ley 
through  the  soap,  or  by  adding  li)  il  a  quanlily  of  siilulion  of  - 
sulphate  of  iron,  which,  by  its  deeomiMMition,  depiiiiis  its 
oxide  llirough  the  snap,  and  gives  it  a  variegated  Bp|>eainn<^'- 
In  sonic  manufHclories,  the  bhii'k  otide  of  iiiangnne.sr  is  nuidc 
use  of  for  the  same  purimso.  Yellow  soup  is  made  of  isllow 
and  resin  with  an  alkali.— /Immmim,  or  the  votalilr  ulltali,  is 
distinguished  from  ihe  former  alkalis  by  a  very  sharp  punKcnt 
smell,  and  by  its  great  valalililj'.  Il  always  appr.irs  either 
eomltined.  or  in  the  stale  of  a  liquid,  (li<|iiid  iimiii<iiiin.)  or  in 
the  aerial  form,  and  then  it  is  called  amoioniiiCHl  xas.  Us 
compounds  arc  solid  only  when  it  is  eombtncrf  with  nrids. — 
Hari/trt  has  never  yet  been  found  free  ftmn  nil  eombiiiallnn. 
Il  ninv  be  ublaim-d  in  ■  slate  of  jHtritv  by  the  ealcinalion  <if  its 
carbiiiiate  or  niliate.  *  huh  is  llie  lir;n  ie<i  ininrrat  known.  Por 
fhii  rensiMi,  rnrbonalc  of  bantes  has  been  termed  |>oiider4US 
spnr.  To  animals  it  is  a  deadly  pubun. — .\trHana.  IuuimI  in 
fhestnteofa  rarbonnle.  ihni  is  so  sny.  combined  wiih  r«ib»- 
aic  acid,  in  a  <.eiu  of  lead  ore,  at  Struntio,  in  Argylcshirc,  in 
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the  western  part  of  Scotland,  is  either  of  a  bright  green  eoloar, 
or  transparent  and  colourless. — Lime,  called  also  calcareous 
earth,  is  now  generally  considered  as  an  alkali,  as  it  possesses 
the  properties  of  that  class  of  substances  in  a  striking  manner, 
its  sparing  solubility  in  water  excepted.  It  is  found  very 
abundantly,  though  never  pure,  or  in  an  uncombined  state.  It 
is  always  united  to  an  acid,  and  very  frequently  to  the  carbonic 
acid,  as  in  chalk,  common  limestone,  marble,  calcareous  spar, 
&c.  It  is  contained  in  the  waters  of  the  sea,  is  found  in  vege- 
tables, and  is  the  base  of  the  bones  and  shells  of  animals.  Its 
combination  with  sulphuric  acid  forms  sulphate  of  lime,  gyp- 
sum, or  plaster-of-paris.  With  fluoric  acid  it  constitutes  flu  ate 
of  lime,  or  Derbyshire  spar. — Lithia,  For  the  discovery  of  the 
new  fixed  alkali,  lithia,  having  for  its  base  a  new  metal, 
(lidiium,)  we  are  indebted  to  M.  Arfvresdon,  who  obtained  it 
from  petalite,  a  mineral  which,  by  his  analysis,  was  found  to 
be  composed  of  silica  80  parts,  alumina  17,  and  the  new  alkali 
3  parts.  It  is  extracted  from  the  petalite  by  calcining  the 
latter,  in  powder,  with  carbonate  of  barytes,  separating  the 
earths,  and  obtaining  the  alkali  combined  with  an  acid.  Its 
combinations  with  acids  are,  generally,  very  fusible.  The  sul- 
phate and  muriate  liquefy  below  a  red  beat;  the  carbonate, 
when  red-hot,  acting  violently  on  the  platinum  crucible.  The 
former  crystallizes  readily,  and  retains  no  water  of  crystalliza- 
tion ;  nor  is  their  solution  precipitable  by  muriate  of  platinum, 
or  by  tartaric  acid.  The  nitrate  crystallizes  in  rhomboids,  and 
attracts  moisture;  the  muriate  is  highly  deliquescent;  the 
carbonate  is  with  difficulty  soluble  in  water ;  and  when  evapo- 
rated, the  salt  crystallizes  in  slender  prisms ;  it  has  a  greater 
capacity  for  saturating  the  acids  than  even  magnesia.  Alkalis 
are  substances  which  have  a  great  affinity  for  the  acids ;  and 
tibe  substances  formed  by  the  union  of  an  acid  and  an  alkali 
are  called  neutral  salts,  which  have  neither  acid  nor  alkaline 
properties. 

ALLEGEASy  a  cotton  or  flax  stuff,  manufactured  in  the 
East  Indies. 

ALLEGIANCE,  in  Law,  the  tie  or  ligamen  which  binds  the 
subject  to  the  king,  in  return  for  that  protection  which  the  king 
affords  the  subject. 

ALLERION,  in  Heraldry,  an  eagle  without  beak  or  feet, 
having  nothing  perfect  but  the  wings. 

ALLIGATION,  in  Arithmetic,  is  a  rule  by  which  such 
questions  are  resolved  as  relate  to  the  mixing  of  divers  mer- 
chandises, metals,  simples,  liquors,  drugs,  &c.  of  unequal 
prices,  so  as  to  find  how  much  of  each  must  be  taken,  accord- 
ing to  the  question :  and  Alligation  is  either  medial  or  alter- 
nate. Alligation  Medial  is,  when  the  price  and  quantities  of 
several  simples  are  given  to  be  mixed,  to  find  the  mean  price  of 
that  mixture.  Rule : — As  the  whole  composition  is  to  its  total 
value,  so  is  any  part  of  the  composition  to  its  mean  price. 
Proof: — Find  the  value  of  the  whole  mixture  at  the  mean  rate, 
and  if  it  agrees  with  the  total  value  of  the  several  quantities  at 
their  respective  prices,  the  work  is  right 

Example  1.  A  farmer  mixed  20  bushels  of  wheat,  at  6f.  per 
bushel,  and  36  barrels  of  rye,  at  3#.  per  bushel,  with  40  bushels 
of  bariey,  at  2#.  per  bushel. — I  desire  to  know  the  worth  of  a 
bnshel  of  this  mixture  t 

30  X  5  =  100  As  96  :  288  :  :  I  :  3. 

36  X  3  =  108 

40  X  2  =     80  Am.  3s. 


96 


288 


JSWnp/f  2.    A  grocer  mixes  30  lb  of  currants  at  4d.  per 
lb,  with  10  lbs  of  other  currants         90  hi  4d.. .  .120 
at  6d.  per  lb.— what  is  the  value  10  at  6rf. ...  60 

per  lb  of  this  mixture  ?  ^-  

40  )  180  (4|  Afu. 

AlHgaiion  AltemaU  is  when  the  prices  of  several  things  are 
given,  to  find  such  quantities  of  them  to  make  a  mixture,  that 
may  bear  a  price  propounded. — In  ordering  the  rates  and 
given  price,  observe, 

I  Place  them  one  under  the  other,  and  the  ")  «>ft^_fi 
propounded  price,  or  mean  rate,  at  the  left-hand  >  22fr~  i^ 
oftfcm,thu.,  3     »       E 


2.  Link  the  several  rates  together  by  2  and  2;  always 
observing  to  join  a  greater  and  a  less  than  the  mean.  d» 
Against  each  extreme,  place  the  difference  of  the  mean  and  its 
yoke-fellow. — When  the  price  of  the  several  simples  and  the 
mean  rate  are  given  without  any  quantity,  to  find  how  much  of 
each  simple  is  required  to  compose  the  mixture. — ^JRii^.  Take 
the  difference  between  each  price  and  the  mean  rate,  and  set 
them  alternately,  they  will  be  the  answer  required. — Prorf. 
By  Alligation  Medial. 

Example.  A  vintner  would  mix  four  sorts  of  wine  toge- 
ther, of  ISd.  20d.  24d.  and  28d.  per  quart—what  quantity  of 
each  must  he  take  to  sell  the  mixture  at  QM.  per  quart  ? 


Anewer.  Proof, 

18 ,2ofl8rf.  =    36rf. 

tuftO—y         6  of  20rf.  =  120 

-"34-^ l4of24£/.  =    96 

28—'         2of28<i.  =:    66 


14 


2grf. 


OrtkHi: 
18 


<zi 


28 


Proof, 
6  of  \%d.  =:  lOeJ. 
2of20(<.  =    40 
2of24i/.  =    48 
4of28d.=:  lift 


14 


)306 
22tf. 


Note, — Questions  in  this  rule  admit  of  a  great  variety  of 
answers,  according  to  the  manner  of  linking  them. 

Alligation  Partial  is  when  the  price  of  all  the  simples,  the 
<|uantity  of  but  one  of  them,  and  the  mean  rate,  are  given,  to 
find  the  several  auantities  of  the  rest  in  proportion  to  that 
given. — Rule.  Take  the  difference  between  each  price  and  the 
mean  rate  as  before.  Then,  As  the  difference  of  that  simple, 
whose  quantity  is  given,  is  to  the  rest  of  the  difference  severailj, 
so  is  the  quantity  given,  to  the  several  quantities  recjuired. 

Example.  A  tobacconist  being  determined  to  mix  20  lb.  of 
tobacco,  at  I6d.  per  lb.  vrith  others  at  \6d.  per  lb.  ISd.  per  lb. 
and  22d.  per  lb.— how  many  pounds  of  each  sort  must  he  taka 
to  make  one  pound  of  that  mixture  worth  I7d.  ? 

Answer.  Proof 

15 6  20lb.  at  l&f.  =  300i^. 


,16— 


1^8-1 
22  — 


1    4  lb.  at  I6d.  =    eid. 

1  4\h.utlSd.=,    724. 

2  8  lb.  at  72d.  =  I76d. 


As  6  : 

1 

::  20  : 

4 

As  6  : 

1 

::  20  : 

4 

As6  : 

2 

: :  20  : 

8 

36  lb. 


612  ::  1  lb.  :  I7d. 


Alligation  Total,  is  when  the  price  of  each  simple,  the  quan- 
tity to  be  compounded,  and  the  mean  rate,  are  given,  to  find 
how  much  of  each  sort  vrill  make  the  quantity. — Rule.  Take 
the  difference  between  each  price,  and  the  mean  rate,  as 
before :  then,  As  the  sum  of  the  differences  is  to  each  particular 
difference,  so  is  the  quantity  given,  to  the  quantity  required. 

Example.  A  grocer  has  u>ur  sorts  of  sugar,  viz.  I2d.  lOd. 
6d.  and  4d.  per  lb.  and  would  make  a  composition  of  144  lb. 
worth  Sd.  per  lb.— I  desire  to  know  what  quantity  of  each  he 
must  take  ? 

Answer.  Proof. 

12 4    48  at  I2d.  =  676        As  12  :  4  :  :  144  :  48 


8 


10- 
6-1 
4  — 


2  24  at  10<f.  =  240 
2  24  at  6<f.  ==  144 
4    48  at    4d.zz  \92 


As  12  :  2  : :  144  :  24 


12  144 


)U&2(Sd. 


ALLITERATION,  a  rhetorical  ornament,  which  consists  of 
the  repetition  of  the  same  letter  at  certain  intervals ;  as, 

'*  TTetTe  the  fTtrp,  and  ITetTe  the  IToof." 

**  Fieldi  ever  Fresh,  tod  Orovei  for  ever  Green." 

*'  Jfouauini,  je  Mooro  in  vaio,  Jfodred  whose  Jftgio  long.*' 

ALLIUM,  garlic,  a  plant  vrith  a  bulbous  root,  much  used  both 
as  seasoning  and  food.  When  bruised  and  applied  to  the  skin, 
it  causes  inflammation  and  raises  blisters.  In  cases  of  dropsy, 
asthmas,  and  agues,  it  is  excellent,  administered  as  a  bolus,  or 
made  into  pills ;  or  pounded  in  a  mortar,  and  a  spoonful 
taken  in  a  glass  of  milk.  Its  smell  is  good  in  female  nervous 
disorders.  Its  juice  makes  the  strongest  cement  for  broken 
glass  and  china :  placed  near  the  haunts  of  grubs,  slugs,  Sec  in 
^  the  garden,  it  drives  these  vermin  awio^* 


DICTIONAKY   Or    MBCIUMICAL  SGIBMOE. 


A  LT 


n  ClieiiiUtTy, 

tffvrcat  combinadoiit  of  nutaUic  matter ;  M,  bronae,  tombao, 
braM,  white  copp«r,  kc. 

ALLUVION,  in  Law,  the  gradaal  iocreaM  of  land  along  the 
•ca>abore.  or  on  bauki  of  river*. 

ALMAGEST,  tho  name  of  a  cclobraled  work  eompoiod  by 
Ptolnnj,  aiMl  conaiating  of  13  books ;  being  a  collection  of 
Many  of  Ibe  obaervationa  and  problems  of  the  ancieota,  relatingc 
both  to  ceomelry  and  astronomj.  It  cootnin*  a  catalogae  of 
the  f  xed  itan,  with  their  placei ;  beiidei  numerona  records  of 
celipae*.  tha  motion*  of  the  planeu,  fcc.:  being  the  firat  worli 
of  the  hind  irbicb  haa  been  traumitted  to  na,  and  ia  therefore 
very  valoable  to  aatroDomeTa. 

ALMANACK,  (aaid  to  be  formed  of  the  Arabic  particle  af, 
aod  mmttah.  to  coant,)  a  calendar  or  table,  In  which  are  noted 
down  «U  the  most  remarkable  phenomena  of  the  heavenlv 
hodiea  for  the  enauln);  year ;  sacb  a*  eclipaes,  coujanctiona  and 
oppotilioaa  of  the  planeta,  riainga  and  lettinga  of  the  son  and 
moon,  kc.i  with  the  retarn  of  feuta  and  fasta. 

A'oitinJALNANACK  and  AitrenomitMi  E^ktm*ru,t»tiaM,txoa»l 
aliwwack,  begun  in  17S7,  under  the  direction,  and  bj  the  advice, 
of  the  aatronomer  royal,  the  late  Dr.  Maaieljne.  Thia  almanac, 
eompotrd  a  few  yeara  forward,  for  the  oonvenienen  of  ahipa 
gewg  oat  npon  long  voyagea,  for  which  it  ia  highly  oaefnl. 
eoMiains,  beaidea  moat  tbingii  easential  to  general  nae,  and 
which  are  fonnd  in  other  almanacka,  many  new  and  important 
panienlara,  aa,  the  diiiance  of  the  moon  from  itaeanaandfi&ed 
Mara,  compatcd  la  the  meridian  of  Greenwich,  for  every  three 
hoaraoftime,  for  the  porpoae  of  compntii^  the  longitude  at 
aea. — The  aitronomical  day  ia  berc  uaed,  which  befpna  at  noon, 
•adia  twelve  hour*  later  than  the  civil  day,  which  ucoanted  op 
to  M  ^para ;  or  from  snn-riae  in  the  morning  to  aoo-aettinr  al 
■i|tbt,  and  from  ana-aettiag  at  night  till  suo-riae  in  the  moriilng. 
n*  CMUtntctMN^ALHANAca  ia  extremely  eaaj,  if  yon  strip 
them  of  all  the  abanrd  aatrology  with  which  luch  aa  Hoore'a, 
ftc.  May  be  oranmed.  The  Brat  thing  to  be  done  ia,  to  com- 
paie  the  ana'a  and  moon'a  place  for  each  day  of  the  year,  or  it 
■■y  be  taken  from  some  epbemeridei,  and  entered  into  the 
almanac  Nest  find  the  dominical  letter,  and  by  it  diatribate 
the  calendar  into  weeki.  Then,  faavinK  computed  the  time  of 
Baater,  by  it  fit  the  other  moveable  feaat* :  addii^  the  Im- 
moveable one*,  with  the  namea  of  the  maityra,  the  riainf  aud 
telling  of  each  lominary,  the  length  of  the  day  and  nig bt,  the 
■ayeeta  of  the  planeta,  the  phaaea  of  the  moon,  and  the  aun'a 
«tiaac«i  into  the  cardinal  pointa  of  the  ecliptio;  i.t.  tbe  two 
eqniaoxea  and  the  two  solsticea. 

ALMOND,  the  fruit  of  the  almond-tree,  a  soft  and  pleaaant- 
■i«e«rcd  kernel,  contained  in  a  Battiih  nut.  Almonda  are 
■•ed  in  confectionary  and  ixiokery  -,  they  are  also  eaten  with 
taiaias  in  deiaert*  after  dinner,  but  they  ahonid  he  well  chewed, 
aa,  like  nil  nnta,  every  piece  yoa  awallow  entire  is  indigestible. 
The  oil  of  almonda  ia  much  gsed ;  their  milk  is  formed  of 
peanded  almonda,  loafaugar,  and  watei,  well  mixed  together, 
aad  ii  much  ased  in  medicine. 

ALNOKoa.  To  iKra.  Put  two  ponnda  of  loaf  sugar  and  two 
pounds  of  alnMnda  into  a  atew-psn  with  a  pint  of  water,  and 
Irt  them  boil  over  a  clear  Hre  till  you  hear  tne  almonda  crack  ; 
thra  lake  them  olT,  and  stir  them  till  tbey  are  qnite  dry.  Then 
pat  ihem  into  a  wire  aicve.  and  aid  all  the  augar  from  them. 
Pat  tbe  vinegar  into  the  pan  again,  with  a  little  water,  and  bnll 
ii;  put  fonr  spoonsful  of  scraped  cocbincal  to  the  sufcar.  to 
rvlonr  it.  hi  the  almonda  into  a  pan ;  keep  atirring  them  till 
ihey  are  quite  dry  :  then  put  them  Into  a  glaas,  and  they  will 
keep  for  twelve  months. 

ALMUCANTARS.  ALif«c*NTAas,  from  the  Arabic  almoen- 
tWai,  arc  circles  parallel  to  the  borlson.  conceived  to  paaa 
ArawKh  every  degree  of  the  meridian  ;  being  the  fame  aa  tbe 
parmllels  of  latitude.— .\lmuc  ant  a  r's  Slaf,  was  formeriy  naed 
M  sea.  for  obaerring  the  sun's  amplitude  at  riaiog  or  setting. 

ALOB.  a  laii^e  plant,  with  Bcafay,  spinooa  leavex,  from  the 
■(Mra  nf  wUch,  asagnifieent  bloasoms  rise  on  atema,  some 
■■•■ty  CMt,  when  the  tree  Is  in  a  vigorous  aUte.  In  Spain, 
«Wn  tUa  plant  is  cultivated  In  hedge-rowa,  tbe  leavea 
naad  aa  aea«ria|[-papeT.  or  their  eiaenco  as  i 
IMcf  ia  Mil  or  fk«ah  water. 


>  aoap,  for  It  will 


ALOPECIA,  a  falling  off  of  the  hair  from  the  head.  Ice. 
either  from  some  defeat  in  ibe  nutritions  joicca,  or  by  ita  vid- 
qaality  corroding  the  roots.  A  freah-eul  onion  rubbed  on 
the  plaee  till  it  be  red  and  itch,  ia  said  to  oare  baldneas. 

ALOPECURUS,  foxtail  grass ;  one  of  the  most  productive 
plants  of  the  tribe :  cattle  are  fond  of  it;  it  giuwa  well  in  moiai 
aiiuationi,  and  being  very  early,  may  be  cut  by  the  middle  of 
Hay.  Two  bushels  of  seed  will  sow  an  acre,  with  about  aia- 
leen  pound*  of  clover. 

ALPHABET,  the  several  letters  of  a  language,  as  A,  B,  C, 

IlC.  a.  ^,  y,  t. 

ALPH^NIX,  in  Medicine,  the  trivial  name  of  while  barley 
sugar.  Perhaps  tbe  name  make*  it  valuable  I  The  sngar  b, 
however,  good  for  colds,  and  may  he  easily  made  by  hoillK 
common  sugar  till  it  becomes  easy  to  crack,  when  yon  shonid 
pour  it  on  a  marble  slab,  greased  with  almond  oil,  and  Iben 
mould  it  into  any  figure*  yoa  please. 

ALPHONSINE  Tasleb,  are  aatronomieal  tablBa,«ompiled 
by  order  of  Alphonias,  king  of  Castile. 

ALPHONSIN,  in  Surgery,  an  instrument  for  extracting  bnl- 


themaelvea  np  in  pairs,  to  protect  (he  mdisaenta  of  new  al 
thus  affonling  a  remarkable  instants  of  the  tUif  rffUaU. 

ALT,  in  Music,  tbe  high  notes  of  the  scale. 

ALTAR,  fif .  ftl,  a  plaoo  upon  which  sacrifieea  were  aodently 
offered  to  aome  deity.  The  altars  of  pagans  were  originally  of 
tnrf.  but  lalteriy  of  marble,  atone,  kc     These  allar*  were 


Gen.  chap.  iv.    The  allar  Jacob  set  np  at  Bethel  waa  merely  a 


stone :  that  of  Gideon,  a  atone  before  Us  honae ;  bnt,  under 
Sloaes,  the  people  of  I*rael  had  their  altmr  of  inttmm,  that  ol 
banU-offeri^,  and  ihe  altar  or  table  for  the  «t«w(rcarf. 

ALTITUDE,  in  Astronomy,  the  distance  of  a  star  from  the 
horiaon  ;  which  may  be  either  trae  or  apparent,  according  aa 
it  is  taken  from  the  trae  or  apparent  horiion. 

ALVEARIUM.  a  bee-hive;  alao  the  nm^Aa,  or  hollow  of  the 
outer  ear.  Alveolu.i,  tbe  ceIN  of  a  bee-hive.  In  Anatomy, 
the  iockct*  in  the  jawi,  wherein  the  teeth  are  fixed. 

ALUM,  a  clear  iraniparent  saline  matter,  of  a  very  austere, 
and  astringent  nalurt,  nucrul  in  medicine  aud  the  aris, 

ALTERNATION,  or  PERMUTAtroN  of  quantities  or  things, 
is  the  varying  or  changing  the  order  ofthem.  tite  Perm  utatiom. 

ALTIMETRY.  the  art  of  taking  or  meaaiiring  alllludca  or 
heifbls.  acceasible  or  ioacceiiiiblc.  perpendicular  or  obliane. 

ALTITUDE,  in  Geometry,  the  third  diroenaion  of  a  body, 
conaidered  with  regard  to  it*  elevation  above  the  plane  ol  its 
base. 

Altitude  0^a  Figurt.  ii  the  di*iance  of  its  vertex  Inim  its 
base,  or  (he  length  of  a  perpendicular  lei  fall  from  the  vertex 
to  the  base.  Allitudea  are  divided  into  aettthhlt  and  iaaccM- 
*>Mr.  AettnM§  Altitude  of  an  object,  is  that  whose  base  we 
can  have  acceaa  to,  so  as  to  measure  tbe  distance  brtweea  It 
and  Ihe  atatioo  from  which  the  measure  is  to  be  taken,  tmmt- 
cMfiU*  AlUtude,  b  when  the  base  of   the  object  eanaalba 


-XXT 


suvrioirABr  o»  MMifAiCfcAi.  Mtmob 


At* 


^tpnmtbai.—'Chav  a^  MterU  maUwdi  «f  itaMiiaiiHg  ihe 
.  bavU  or  ahittide  ml  b«diM,  tit.  b;  flKMUtry,  Trigimnmttry,  bj 
,  Opti**l  tUfUttiam.  by  tBcana  of  the  B*nm$fr,  Ico.  Th«  instra- 
mcDls  eoMMoalf  ntod  in  meBHtriDg  altitDdes,  ara,  the  Cnm^ 
(timJ  iSfnarw,  OmdrwAt,  ThttiaHU,  Mid  Oimi'*  TVItKVp*,  a 
deMTtptiaa  af  ench  of  whicbwill  be  ftaand  nulertfie  reHpee* 
ttve  BiUcles. 

Prob.  I.  To  nHoivra  on  weuMUt  or  vuctiMtbit  Abiiudt  ^m- 
mttrieallg. — Under  this  bead  are  included  all  thote  cases,  )n 
vUch  ibe  calouiatimi  dapaada  apaa  pare  seometrioal  prin- 
ciple*, and  parlicularl]'  on  the  similarity  of  triaogles,  of  vhfeh 
ve  prepoae  to  Rive  an  illaittatiim  in  tba  followlaK  examples : 
Let  A  B  tepreseut  ~       ' 


I 


JTjias. 


r 

-t4 — 


jact,  of  whieb  tlie  alUtuda 
la  requiied.  Being  pro- 
vMed  with  two  loda, 
or  itavcs,  of  different 
iMftbs,  [daiit  the  lonf est 
oftliem.BsFC,  atacer- 
taln  dwaanred  dfatdBDa 
from  the  base  of  the  ob-  i  _  ^ 
ject,    Tben,  »l  a  futhnr 

distanca,  ptaat  tbe  seoood  or  ahortar  staff  B  D,  in  stMsh  ■  man- 
ner that  tbe  ti>pt  of  tb«  two,  B  and  F,  bbjt  ba  in  a  tina  villi 
tbe  top  of'the  tow«r  B.  Tben  haTiag  meatnred  tba  dlctaoce 
1 D,  aa  alaa  tbe  laninb  ED,waaballIiaTflbrsl»UutilBnglea,ai 

ID  1  BD  :  :  lA  :  AB: 
tlurt  ill  b;  msllipljing  tbe  aecondand  tfaird  teraw,nnddividiBg 
by  dMHnt,waabBUb««etbc  wbale  altitnde  ef  lb«tM>«f  BA: 

.l.tu,  BA  =  li^^ 

For  example,  suppose  I  Air  100  feet,  ID=:  6  feet,  and  ED 

=  4  feet,  being  tba  beigbt  of  the  staff;  then  B  A  =  l?*2Li.= 
GO  feet.  8 

tbe  altitude  of  the  tower.  When  the  object  is  inaccessible,  two 
inch  Dperalions  as  tbe  abo^a  mpst  be  resorted  to. 

Prob.  3.   To  Mcosnr*  McMsiUt  ar  uuecatibli  Alliliidet,  hy 
nuinw   ttf   thtir    Sba^  .^ 

doyit.—hi   any  time  jbsK  ,-y''K 

when  the  snn  Mnei,  ^^  .y/    i\ 

plant  a  rod  ■  t,  per- 
pendicularly at  a,  and 
measarelhelenKl'     ' 
its  shadow,   and 
mediately  aSer 
sure  the  shadow  of  the  propn«ad  ol^t  A  B.    Then,  by  similar 

ea:ti::CAi^*  X    «-*■  = 


anetiible  or  inueeetMU  Meet,  hf 
AU  Otamttrical  j^Mtrr  ar  Q^alh■*1tt,     See  QvADBlNf.— Hnviu 

'  C,  turn  the  square  aboot  the  ceolre  „.    _, 

I  of  motion  J>,  till  the  top  of  tbe         'S7-fiA 
object  B  is  perceived  in  the  direc-  ..--■'' 

lion  of  tbe  sigbts  placed   on  the      g^' 

I  aide  of  the  square  D  E,  and  note    "fM^* 

the  number  of   diviiioas  ent  olF     W" 

I  the  other  side  by  tbe  plumb  line   —^ —  ^ 

!  BO;  then    havloK  messnred  the 

J  distance  G  A,  we  have,  by  similar  triangles,  aa 

EF:  PG  ::  CAorDH  ;  ^.^^^-BB.to 
which  adding  tbe  height  of  tbe  obsetvcr's  eye,  DC,  we  tbaUIn** 
^*B^F^°  +  D  C  =  A B,  the  altitode  sought. 
pFob,  ft,  Ta  MMture  an  arttitith  ehject  trisommetrieMUf.— 
Let  A  B  be  Ibe  objecl  of  wfateh  the  alt:ttn]e  b 
raqulrad.     At  imy  convenient  station  C,  with 
■  qnndraot,  llteodoKte,  or  other  sntdunied 
InatraDient,  measure  the   an^le  of  elevation 
ACB;  then,  twvioK  ■'Iso  measured  the  d^ 
tanee  CA,we  iMve,  from  tl>e  eltmontary  prin- 
elplas  of  trifonoaietry,  as 

Bad.  :  A  C  :  :  tan.  ..dT  A  0  B  :  A  B,  ' 

Aa  altitnde  reqaired ;  or,  by  logarithms,  Log.  A  B  =  log. 
A  C  +  log.  tan.  ACB  —  log.  rad.  Suppose,  for  example,  the 
diatanae  AO^  340  feet,  and  Ibe  angle  of  lite  eleratioD  ACB 
=:  S4''  SC ;  then,  by  the  above  fbrmula, 

hog.  A  C,  or  l«ir.  940  =  a-fUUTSQ 
Leg.Un.  940 90*....  ^  g'8971S43 


mt,  per- 

nt  a,  and  liy^ 

length  of        ^yf 

ler  n>a»-  V-9 — i 


tnangli 


=  AB, 


the  altitnile  required.  If  the  object  be  inaccessible,  but  still 
andi  that  the  diffaraMe  of  tbe  hi^hs  «f  Its  nhadows.  eo,  ^a. 
tahan  at  two  ilifferent  timas,  ens  be  aicevtafned,  the  altitnde 
may  be  fonnd  nearly  tbe  same  as  In  the  last  example. 

Piob.  3.  To  nutttir*  ittetttiblt  or  inmeeetribte  oijectt.  hw  meant 
afO^ieat  He^fectwH^— Place  a  mirror,  or  other  relleetm)>  sor- 
face,  horizontally  ■■  the  plane  of  the  figure's  base,  as  at  C,  and 
when  tbe   abject  la  ac- 


<**■ 


<?* 


^^^ 


oMiifale,  measnre  tbe 
distance  C  A.  Now 
retlie  back  in  the  di- 
rection AC  to  D,  tm 
the  en  obsarvea  the 
tap  of  the  ofaj^texant- 
ly  in  the  eentie  of  tbe 
minor,  which,  Ear  the 

.neater  dtgrea  of  anenraey,  may  be  mathad  by  a  line  Across  it. 
Then  having  meMorcd  tba  diatniKc  P  C,  iwd  uaniainad  the 
height  of  the  eye  of  the  ohservcr.  ii  wilt  be,  from  the  known 

.tawaofreBeaticm,  m 

,  DB  X   CA _  .  o 
■ — Uc^-^^' 
t£e  altitode  of  the  object  reqaired.    When  the  oliject  is  inac- 
Msalble,  that  Is,  when  the  distance  CA  cannot  be  measured, 

'tiro  lachopemtiODs  as  thai  above  most  be  employed. 


:  DE  :;  CA  : 


i&*ft  ,. 


Again,  as  mdlitfl  ; 


BA  = 


.  ACB: 


lance  between  tbem.  Tbe  angle  D  D  C  =  the  diffeiwnce  of  tlw 
two  measored  anglci  BC  A  and  BD  A,  (EuoUd.  prop.  IG.  bovk  1.) 
which  angle  therefore  becomes  koown.    And  by  trigooMMtiy, 

usitLDBC  :  DC  ::  sin.  CD  B:  ^.^  x  ''"-^P^-CB. 
sin.  D  B  C 

C  B  X   tin.  A  C  U  _ 

~Bm. - 

B  A,  tlM  altllBde  reqatrad.  Or  subathatkig,  m  the  second 
•xpression,  iba  value  (rf  C  B,  we  have 

DC.  X  BJB.CDB.  X  rin.  ACS. 
Rad.  X  ain.  Dttti. 

Or  bp  togarUiat.—Vtoia  the  sum  of  ibe  kgarithias  of  tha 
terms  m  tbe  numerator,  subtract  the  swa  of  tliase  iit  tlte  <jena- 
minator.  and  the  remainder  will  be  the  logarithm  «f  tlw 
reqairad  altitude  BA. 

Immediately  connected  with  angle*  of  altiUidO)  or  borinmlat 
angles,  is  tbe  consideration  of  Mr.  Harris's  UicrMueUioaJ  ami 
Donble-im^;e  Tel  escape  and  Conuog-upGlitss.  Tbia  iasim- 
ment  U  partictdarly  userol  at  sea,  or  in  situations  when  it  ia 
either  difficultorinconvenieatto  kecpaninfttruueai  inn  steady 
poaitioD.  Heuce  it  becomes  aa  ticeilent  coming^ur  K'-'^sa  bti 
ascertaining  whether  a  ship  is  atqitgaching  to.  or  ro^cdiag  fraw, 
tbe  observer.  In  practical  astrouoiay  it  is  of  very  euenaiv* 
nse,  and  as  the  minutes  and  seconds  are,  in  sotne  of  tbe  inslNi- 
menis,  engraved  on  the  scale,  the  auKle  ts  fauud  wUbout  Ak 
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Iraable  of  redmctioB.  Tbe  freat  lenglli  of  the  icaln 
(00,  wfaieb  U  fceoerallj  •anal  to  the  focal  length  of 
Ike  firat  object-fdui,  render*  (be  i»e  of  the  instm- 
■ent  ver;  ifmple.  And  we  fine  Ihia  a  place  here, 
bccadse,  onder  the  word  Telescope,  we  thall  hsTO 
eaoMfli  (n  My  nD()iein<iln)nieDts  of  other  opticians, 
which  are  purelv  astronomical. 

Section  I.  Dttcription  of  the  Trleinmt, — Thil 
Talomble  instrameDt,  Bk.  &H.  is  divided  into  foar 
parts,  or  drawer*,  of  which  the  outer  one  contains 
■  f  xed  object-fdaa*  at  A.  At  C  in  the  part  CD  li  a 
Boteable  «bjcct-g;l ass,  which  by  pushing  the  parts 
BC  and  CD  quite  in,  is  broufchl  into  contact  with 
the  Gied  object-i^asi  at  A.  In  thii  position  of  the 
drawers,  distinct  vUioa  is  procured  by  pallinfC  out 
tlw  cje-pirce  DE  ;  and  the  majcniryioK  power  of  the 
ias trnmeiil  is  at  its  minimum  or  lowest  defcree.  By 
paOiaic  ont  the  drawer  CD,  and  afterwards  the 
drawer  BC,  the  mafcnifflnx  power  of  the  );lass  is 
■adc  to  iacrense  ;  and  when  both  these  parts  are 
qoiie  drawn  out,  and  distinct  vision  procured  by 
le-adjaatiuic  the  eye-piece  DE,  (which  it  will  be 
foaad  necessary  to  do  every  time  that  the  position 
•(  either  of  the  drawers  is  altered.)  the  magtiify- 
fay  power  of  the  s\*m  is  at  its  maximam  or  p^eatest 
dncKC.  in  this  position  of  the  drawers  two  scales 
■in  be  perceived  thereupon;  one  adapted  to  the 
■■fk  abject-glaas  above  mentioned,  and  tb:  other 
to  a  dinded  nbject-)[lass,  of  which  a  partjcolai 
deseriplion  will  be  found  in  the 
lastsectioa.   By  looking  throiig;h  Th.S9. 

Ifar  telescope,  or  at  fifc.  50,  two  

parallel  paints  a.  h,  are  seen  pro- 
)rctiA|[  into  the  field  of  view,  as 
also  a  pair  of  fibres,  at  a,  op, 
■hick,  with  the  obiect^lass,  are 
fseealial  parts  of  the  instniment. 
For  when  it  is  required  to  mea* 
Mre  the  angle  subtended  by  any 
two  points  of  an  object,  in  order  to  ascertain  its  dis- 
taace  from  the  observer,  it  is  necessary  that  these  points 
iboaM  be  brought  to  coincide  exactly  with  the  steel  pins, 
wWk  appear  as  fixed  points  in  the  field  of  view,  as  before 
absrrved :  wbicb  ma;  be  thus  elfected : — IlavinR  chosen  a  sta- 
lisa  which  you  think  convenient  for  the  observation,  and  two 
eaaspjeqoos  points  in  the  object,  shnt  the  drawers  BC.  CD 
qoitc  In.  and  procure  distinct  vision  of  the  points  in  the  object, 
by  paIliB)c  out  th^  eye-piece  DE :  the  points  in  the  object  will 
(nwral)y  occupy  a  less  space  than  tbat  between  the  steel  pins. 
la  order  that  they  shoula  coincide,  first  draw  out  the  part  CD 
■Mi]  they  are  foond  to  do  so  exactly  ;  and  the  milled  rin|t  at 
C  will  cot  the  scale  at  the  minutes,  and  part  of  a  minute, 
which  tbe  anf  le  subtending  the  points  contain.  If  the  points 
d«  not  coincide  when  the  part  CD  is  quite  drawn  out.  then 
draw  out  BC  until  coincidence  is  procured ;  obtaining  distinct 
visioB  a«  you  pmceed.  and  the  milled  ring  at  B  will  shew  yon 
the  ancle  as  before.  If,  when  tbe  drawers  are  both  shot  in,  the 
points  of  the  object  occupy  a  greater  space  than  the  steel  pins, 
ytm  are  too  near  tbe  object,  and  must  therefore  choose  two 
none  convenient  points  npga  it,  or  a  more  convenient  station 
by  n^rding  from  it  If.  on  the  contrary,  when  tbe  drawers 
SIC  qailF  out,  tbe  points  of  tbe  object  occupy  a  less  space  than 
the  steel  pins,  you  are  too  remote  from  the  object,  and  must 
eheoac  ntker  two  more  convenient  points  thereon,  or  a  more 
piwuBUe  station.  Observe,  the  drawer  BC  Is  in  nowise  to  be 
taarhed,  ontil  C  D  ii  first  quite  drawn  out 
ScctSea  it.  To  unrfata  tkt  dulance  of  na  abJMt  eillirr  t  tm 
m  Umd,  hr  tKv  amgltt  and  a  bait  bftKeen  lArM.— When  you 


c  raite  palled  out.  because  the  angle  will  be  increas- 
.  It  if  von  are  receding,  tbe  angle  for  the  contrary  reason 
Aa«M  be  dolained  when  the  object-glaase*  are  but  little 
ifut.  Let  tbe  two  points  of  tlic  object  be  called  D  and  E,  and 
Ar  sAJcct  C.  (Ig.  60,)  and  let  the  place  of  tbe  first  obscrva- 
tlM  be  called  B,  at  wUeh  tbe  poinU  of  the  object  eoincide 


with  the  steel  i^ns  a,  t,  wben  the  ohjecl-glasses  are  seatfy  In 

contact:  In  this  case,  measnre  a  receding  base  to  A,  wbl^ 
sbonld  be  in  a  straight  line  f^m  tbe  object,  and  not  leu 
than  1  part  of  its  supposed  distance,  reckoning  from  the  object- 
glass  of  the  telescope^  and  at  this  second  station,  again  Def- 


ine the  angle  •nbteaditig  the  {Mints  of  tbe  object.  Theit  to  find 
the  less  distance  BC ; — Multiply  the  base  by  tbe  less  angle, 
divide  the  prodnct  by  the  difference  of  the  angle*.  Tbe  qno- 
tient  will  be  the  less  distance.  To  which  adding  the  base,  yoa 
will,  if  it  be  wanted,  obtain  the  greater  distance.  If,  by  reason 
of  tbe  distance  of  the  object,  the  steel  pins  cannot  be  conve- 
niently used,  tbe  parallel  fibres  may  be  taken  instead,  as  the 
ratio  of  the  angles,  dctemiined  as  above,  will  answer  the  same 
purpose  as  tbe  angles  themselves,  when  obtained  from  the  coin- 
cidence of  the  steel  points  a,  b,  vrilh  D,  E.  in  the  object 

Exmm^  1.— Wanting  to  know  mv  distance  from  a  Ibrtiica- 
tion,  I  found  the  an|;1e  subtended  by  two  prominent  polola 
thereupon  to  be  ISO  minutes,  then  receding  190  yards  in  a 
siraigbt  line,  I  again  found  the  angle  subtending  these  points 
was  140  minutes. — Now  to  find  the  distances  :  We  have  the 
greater  angles  ISV,  less  angle  140',  their  difference  40*. 

Lenfith  of  the  base ISO  yards. 

Less  angle 140 


100 

Difference  of  anglei. .  .4,0)3100,0 

Less  distsDce BOA   yards. 

Add  the  base ISO 

Greater  Distance 075   yards. 

,  S. — Standing  in  shore  by  night  towards  tbe  LiiaH, 
I  observed  that  the  angle  subtending  the  two  lights  was  40*; 
then  standing  in  a  direct  course  1  i  mile  nearer  per  Itq;.  I  again 
observed  the  angle  to  be  46',— required  my  distance  from  tbe 
light  at  the  place  of  the  last  observation.  Here  greater  angle 
46,  less  ai^e  40,  their  differeme  0  minutes. 

Lei^thof  the  base I) 

Less  angle 40 

Difference  oT angles  divisor 6)W 

Less  distance 10   miles  required 

Add  tbe  base H 

Greater  distance 11^ 

Section  in.— To  obtain  the  distance  of  a  given  point  from 
any  place,  when  the  inequalities  of  the  ground,  or  proximity  to 
an  enemy's  guns,  render  it  impracticable  to  measure  a  base  from 
that  point  Let  M  be  the  given  point,  and  C  the  place  whose 
distance  is  wanted,  (seo  fig  01.)     Let  also  a,  b,  be  t —   — 


Take  two  itatians,  A  and  ^ 


80 
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beyond  the  reaoti  of  the  guns ;  but  in  the  same  straig^ht  line 
with  MC,  and  by  measuring  the  base  AB  and  the  anicles  aBb. 
mAh,  find  as  in  the  last  section  one  whole  distance  AC.  Then 
at  the  point  M  take  the  angle  a  M  6,  so  will  the  distance  MC 
be  a  fourth  proportional  to  the  angles  and  base,  that  is,  angle 
cM6:  angle  aA6:AC:MC.  To  find  MC  therefore,  malti- 
ply  the  greater  distance  by  the  angle  measured  at  the  greater 
distance ;  diyide  the  product  by  the  angle  at  the  given  point, 
and  tibe  quotient  will  be  the  distance  required. 

JExmmpU, — ^Wanting  to  know  the  distance  of  a  point  M,  fig. 
61,  from  a  tower  C,  and  circumstances  pretenting  my  mea- 
suring a  base,  I  took  two  remote  stations,  A  and  B,  but  in 
the  same  tertical  plane  with  M  C,  and  distant  from  each  other 
5250  yards,  at  which  I  measured  the  angles  A  and  B,  subtended 
by  two  conspicuous  points  a,  h,  upon  the  tower :  the  angle 
aAhzz  W,  and  a  B 6=:  92^ ;  and  at  M,  I  measured  the  angle 
cM6=:  206^,  required  the  distance :  First  angle  B=:  92,  and 

A=z  60  their  diff.=  32^;  and  angle  Bca2ij»=  base  719  yards 

A  C  by  the  last  section  ;  then  angle  M,  angle  A : :  A  C :  M  C ; 

or  206" :  60' : :  719 :  210,4  yards. 

Or  as  angle  M  . . . .  206^  arith.  com.  log.  7,68626 

Is  to  angle  A 60^       log. 1,77815 

SoisAC 719        log 2,85673 

TpMC 210,4        log 2,92313 

Working  by  logarithms,  which  in  general  will  be  found  the 
most  expeditious  method. 

Section  i  v.  To  measure  the  height  of  an  accessible  object. — Let 
B  A  (fig.  62.)  be  an  accessible  object ;  then  from  a  point  B,  as 
near  as  possible  to  the  Ycrtical  line  C  B  A,  measure  the  angle 
a  B  6,  subtended  by  two  conspicuous  points  at  the  summit  of  the 
object ;  measure  also  the  angle  «  C  o,  subtended  by  the  same 


pofaita,  as  seen  from  anotiier  station  G,  and  measare  the  base 
CB.  Then  to  find  the  perpendicular.  Square  the  greater 
and  less  angles,  take  the  diflerence  of  the  squares,  and  the 
square  root  of  this  difference.  Multiply  the  greater  angle 
by  the  base,  and  divide  the  product  by  the  square  root  just 
found  ;  the  quotient  will  be  the  perpendicular  height  required. 
Or,  if  the  Hypothenuse  A  C  be  wanted  :  Multiply  the  less 
angle  by  the  base  for  a  dividend,  and  divide  by  the  square 
root  above,  and  the  quotient  will  be  the  answer. 

Example : — ^Wanting  to  know  the  height  of  a  tower,  (fig.  62,) 
I  measure  from  a  point  B  near  its  base,  the  angle  subtended  by 
two  points  a  and  b  at  its  summit,  which  was  160  m.  I  then  mea- 
sured 56  yards  to  a  point  C,  and  again  took  the  angle  between 
the  points,  and  found  it  180  minutes. 

Here  the  greater  angle. . . .     180    The  less  angle. . . .     105 

180  105 


14400 
180 


525 

1050 


Sqr.  of  Gr.  angle 32400  11025 

Sqr.  of  less  angle 11025  • 

Diff.  of  square 21375  (146,  2  root 

1  Greater  angle 180 

Base 66 


24)113 
96 

1080 
900 

286)1775 
1716 

146,2)10080 

2022)6900 
6844 

Perpen.  68,95 

Urn 

It  is  obyious  that  this  question,  even  in  its  most  simple 
state,  may  be  more  readily  performed  by  logarithms. 

Thus,  greater  angle 180    Log.    2,25627 

2 

Square  of  gr.  angle 32400  4,61064 

Square  of  less,  angle 11025 

Diff.  of  Squares 21375 

Less,  angle 105    Log.    2,02119 

2 

.  11026    Log.    4,04238 

Diff.  of  Square  Log 2)4,32990 

Square  root  Log 2,16495  ar.  co.  log.  7,83506 

Logarithm  of  Gr.  angle 2,25627 

Logarithm  of  Base 1,74819 

The  perpendicular  required  68,95       Log.        1,83861 

Section  v.  To  ascertain  the  distance  of  a  known  magnitude, — 
Let  the  distance  between  two  points  £>  and  £  ( fig.  60.)  of  a 
<tistant  object  be  known,  then  by  choosing  a  station  at  B,  so 
situated  that  the  line  joining  these  points  may  be  at  right 
angles  to  the  axis  of  the  telescope,  and  measuring  the  angle 
subtending  these  points  as  seen  from  B,  we  have,  for  ascer- 
taining the  distance  of  B,  from  the  object,  the  following  Trigo- 
nometrical Theorem :  Tangent  angle  B :  D  fi : :  radius :  the 
distance.  Or  to  the  Cotangent  of  angle  B  add  the  logarithm  of 
D  £;  the  sum,  rejecting  10  in  the  index,  will  be  the  logarithm  of 
the  distance.  « 

JSramp/e.-— Seeing  a  ship,  the  height  of  whose  main-top-gal- 
lant inast  head  I  take  to  be  160  feet,  or  60  yards  above  the 
water's  edge,  I  measure  the  angle  subtended  by  these  points, 
which  is  43  min. — ^what  is  my  distance  from  her  ? 

Here  angle  B 43^  Log.  Cotangent   11,90278 

Dist  of  points 60  Log 1,69897 

Distance 3997  Log 3,60176 

So  my  distance  from  the  ship  is  3997  yards,  or  2}  miles  nearly. 

Note* — After  any  given  interval  of  time  you  may  again 
observe  whether  the  points  are  still  in  coincidence :  if  they  are, 
the  angle  remaining  unaltered  shews  clearly,  that  you  are  both 
sailing  at  the  same  rate  if  they  do  not  still  coincide  ;  but  the 
steel  pins  occupy  a  greater  space  than  the  points  of  the  ship, 
the  angle  is  decreasing,  and  you  are  droppug  astern ;  but  if 
the  points  of  the  ship  occupy  a  greater  space,  you  are  coming 
up ;  and  may,  by  another  observation,  determine  at  what  rate. 
It  may  be  necessary  here  to  observe,  that  any  two  points  ma; 
be  taken  for  the  above  purposes,  provided  that  their  distanc 
from  each  other  is  known,  and  their  position  such,  that  a  lin> 
joining  them  may  be  at  right  angles  to  the  axis  of  the  tele 
scope :  for  which  reason  the  points  upon  the  masts  are  to  b< 
preferred  to  those  upon  the  yards,  being  less  liable  to  Tar} 
their  position. 

Section  vi. — ^It  has  been  hitherto  supposed  that  the  single 
object-glass,  vrith  the  steel  pins,  has  been  used  in  the  obser- 
vation ;  these  however  are  liable  to  an  incouYcnience  at  sea ; 
which,  although  it  will  be  overcome  by  practice,  may  not  here 
be  overlooked:  for  when  the  two  points  of  an  object  are 
brought  into  contact  with  the  steel  pms,  the  slightest  motion 
or  tremor  of  the  hand  will  again  displace  them,  and  thereby 
render  the  observation,  to  a  beginner  especially,  exceedingly 
tedious.  These  inconveniences  may  however  be  entirely 
obviated,  by  substituting  the  dirided  object-glass  for  the 
single  moveable  one  at  C  in  the  instrument ;  and  of  which  the 
following  description  is  submitted  to  notice: — The  divided 
object-glass  consists  of  two  semilenses,  whose  centres  are 
invariably  distant;  when  it  is  used,  by  looking  Uiroogh  the 
telescope,  two  images  of  the  object  will  appear  upon  the  field 
of  view,  which  by  turning  the  telescope  gently  upon  its  axis, 
will  appear  to  revoWe  about  each  other,  being  quite  separate. 
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If  Ike  object  doe*  not  ocoopy  more  than  one-third  of  tbe  Geld  of 
Ilea :  but,  if  otherwise,  the  imagei  will  overlap  each  other  in 
ft  prealec  or  less  demree.  Now.  lappoae  the  object  A  C  B  D, 
fif[.6a.  to  be  that  under  obscrTBtion:  theo,  if  it  be  repaired  to 
Me»af  re  the  anfcte  (ubteodcd  by  the  part 
A  B  of  the  object ;  Grit  drmw  out  C  D, 
aad  tflerwards,  if  necessary,  the  part 
BC.  Dotil  the  poinli  a  and  i  at  OBO 
iMBice  exactly  coJDcide  with  their  corre* 
apoodiDf  poiDt  A  and  B  of  the  other; 
ud  the  Index  at  C  or  B  will  point  out 
the  mcaanre  of  Iho  anitte  subtended  b^ 
these  poioti.  npon  the  scale  for  the  di- 
vided objecl-Kla**>  If  it  were  reqaired 
to  Bearare  the  anfle  subtended  by  the 
point*  B  ud  D  of  ue  object,  it  would  be  eTidenlly  aeecisary 
U  kdJBtl  the  drawers,  until  the  point  d  coincided  with  its  cor- 
teapoDdioc  point  D.  I(  will  be  foand,  that  tbe  images  hare 
diierent  ifegreet  of  distinctions  in  different  parts  of  the  field ; 
bat  it  will  be  easy  to  make  any  part  of  an  imafce  more  distirwt 
than  another,  by  cbangpniC  its  place  In  tbe  field  of  view,  and  it 
win  eontribute  to  the  accuracy  of  the  obacrvalioo,  to  bring  the 
part  of  tbe  imajce  where  the  contact  is  to  be  obseived.  into  the 
centre  of  the  field,  it  bcinj;  tbe  part  where  the  points  of  contact 
will  be  most  distinctly  seen.  As  a  coniuK-up  (class,  the  divided 
abject-glass  possesses  an  enuoent  auperiorily  over  the  sinicle 
one,  by  reason  of  the  steadiness  with  which  the  observation 
■ay  be  made :  Tor  any  tno  points  beinjc  brouKhl  into  contact, 
■either  the  tremors  of  the  hand,  nor  even  the  motion  of  the 
vessel,  will  displace  them ;  its  use  may  be  illnitrated  as  fal- 
lows :  When  a  vessel  is  seen  at  a  distance,  it  subtends  a  cer- 
Inin  >n|[le  at  (he  eye  of  the  observer ;  if  the  dislance  increases, 
the  nnfcle  will,  of  course,  proportionally  diminish,  and  the  coo- 
timry.  Now,  if  the  vessel  be  viewed  through  the  double-image 
(deicope,  and  if  the  drawers  be  adjusted  until  the  two  images 
of  the  whole,  or  a  part  of  the  vessel,  be  brought  into  contaot ; 
the  index  will  cut  (he  scale  in  the  angle  sabtended  by  thewhole. 
as  that  part.  If  tbe  imiKCS  contlnne  in  contact,  the  distance  of 
Ibe  vessel  must  have  remained  the  same ;  but  if  the  images 
have  separated  from  each  other,  the  vessel  must  be  receding 
&«■  tbe  observer,  and  the  proportion  of  the  distances  may  be 
h«nd  by  again  hringing  the  images  into  contact,  finding  thereby 
ttr  angle  anew,  and  ihenae,  by  the  2d  or  Atb  section,  the  dls- 
laare  at  the  timeof  each  observation.  It  ma;  he  also  observed, 
that  the  object,  or  portion  of  an  object,  whose  angle  in  to  he 
■essared  by  mean*  of  the  doublc-iiDaite  telcscoj-:,  should  be 
stolen  as  luminous  as  possible ;  or,  when  it  cao  be  oblaiaed.  it 
sbeald  be  a  dark  object  with  a  liftht  ground,  such  as  tbe  top  of  a 
boilding  with  a  sky  behind  it :  and  in  measoring  inaccessible 
dutances.  as  by  section  2,  tho  two  images  of  the  object  DE 
Anald  appear  separate,  but  as  near  as  possible,  when  the 
•bitner  is  at  B.  and  when  the  object-glass  and  semi-lenses  are 
ii  contact. — To  facilitale  the  observation,  this  instrument  is 
*>«ctimes  constmcted  with  one  drawer  instead  of  the  (wo. 
1C,  C  D.  which,  with  the  eye- piece,  is  adjusted  by  means  of  a 
Ml  and  pinion  npon  each,  the  tHescope  being  supported  npon 
auand  ;  and  when  it  is  intended  to  change  the  object-glass ca 
hiW  instrument  thns  constructed,  it  will  be  necessary,  in  order 
I*  Moe  al  the  moveable  object-glass,  to  screw  off  the  top  part 
*flhe  instmment  about  4  inches  below  the  principal  object- 
■Itts,  having  first  adjusted  the  drawer  quite  in.  And  to  eor- 
tn  any  variation  which  may  occur  in  tbe  sight  of  different 
*^<ervFrs.  an  adjustment  (o  the  s(np  is  fixed  upon  the  pipe 
'■aiaininc  the  two  first  eye-glas^ics,  by  moving  which,  until  the 
Mats  and  fibres  are  seen  (be  most  distinctly,  the  instrument 
^tt  be  adjuated  to  the  particular  eye  of  the  observer. — We 
^■*e  here  given  a  brief  description  of  this  vBtuablrinslmmeot, 
^  OSes  and  qualittPS,  and  trust,  that  upon  trial,  it  will  be 
^*»d  to  exceed,  rather  than  fall  short  of,  the  properties  attri- 
^tc4  to  it.  Tbe  examples  which  are  introduced  in  (be  difle- 
^K  seetions  for  the  purpose  of  illastration,  as  welt  as  the  rales 
^  working  them,  are  appHeable  to  either  the  single  or  divided 
^^nr  glnas:  and  the  principles  upon  which  these  rules,  as  well 
^  dv  instrvnent  iiself,  are  constructed,  are  demonstrated  at 
«  in  Dr.  Brewster'a  Trcaiise  npon  New  Optical  and  PUlo- 


Analogons  to  tbe  foregoing,  is  the  3fieraaMfrinI  TtU*t*ft, 

which  possesses  all  tbe  advantages  of  the  (M>mmon  telescope, 
is  of  great  use  for  military  and  naval  purposes,  and  likewise  in 
surveying,  and  practical  aatronomy.  The  object  of  it  ia  to  men- 
sure  anglea  and  distances,  which  it  does  with  great  facility 
and  accuracy.  From  the  nature  of  its  constmotion,  il  has  also 
Uie  properties  of  an  excellent  microaoope.  This  ingeniona 
inslniment,  being  formed  with  sliding  tubes,  ia  very  porlable 
and  convenient,  and  will  be  found  extremely  useful  to  militai; 
gentlemen  and  others,  who  may  wish  to  ascertain  dialancea 
without  a  more  cumbersome  apparatus. — Those  of  onr  readcra 
who  already  possess  achromatic  telescopes,  may  bave  them 
converted  into  this  inatrumeot  at  n  trifling  expense. 
ALYSSUH,  madwort,  a  plant  which  waa  believed  to  havo 


fimiif,"  and  expresses  a  barbarous  custom  which  formerly  pr^ 
vailed  in  several  parts  of  England  and  Wales,  being  a  sum  of 
money  paid  to  tiie  lord,  when  a  maid  was  married  witlun  fala 
lordship. 

AMADOW,  the  pyrotechnical  sponge,  a  kind  of  binek  tin- 
der, made  of  a  species  of  fungus  or  muabroom  Ihnt  grows  upon 
the  bark  of  trees  in  Germany. 

AMALGAM,  mercury  united  oilh  some  metal. 

AMAUROSIS,  a  deprivation  of  sight,  the  eye  ri 
and  seeniingly  unaffected. 

AMBE,  an  instrument  used  by  surgeons  for  reduci^  dislo* 
cated  bones. 

AMBER,  a  bitnminona  substance,  highly  electric,  and  much 
used  in  medieine  and  tbe  arts. 

AMBERGRIS,  or  Gray  Amber,  is  found  swimming  in  the 
Atlantic:  on  the  coast  of  Braxil ;  in  the  East  Indian  aroU- 
pelago,  &c.  and  sometimes  in  the  belly  of  the  spermaceti  whale. 

AMBIENT,  a  term  applied  to  Qaids  that  encompass  others 
on  all  sides,  as  the  air,  a  flame,  Slc. 

AMBIT,  in  Geometry,  the  perimeter  of  any  figure. 

AMBLE,  (he  pace  of  a  horse  when  bis  two  legs  on  one  side 
move  at  the  same  tine. 

AMBUSCADE,  a  place  where  soldiers  may  lie  concealed 
till  they  find  nn  opportunity  to  surptine  the  enemy. 

AMERCEMENT,  in  Law,  a  pecuniary  punishment,  imposed 
on  offeniiers  at  the  mercy  of  the  courL 

AMERICA,  tbe  largest  of  (he  four  quarters  of  the  globe, 
extends  from  the  Mth  degree  of  south  latitude  to  (he  unknown 
regions  within  tbe  arctic  circle,  and  from  the  5&(h  to  (he  la'i(h 
degree  orwes(longi(ude.  Its  length  is  nearly  lO.OODmiles,  and 
its  medial  breadth  about  2000.  America  was  discovered  by 
Christoval  Colon,  (or,  as  tbe  Latin  writers  of  (he  time  call  him, 
Christopher  Columbus.)  in  four  successive  voyages  ;  onthelSlli 
orOc(ober.  1492,  he  discovered  the  islcofSan  Salvador;  in  14B3, 
tbe  Caribbee  Islands ;  in  1408,  the  continent  adjacent  to  the 
Orinoco;  and  in  Ifi03,  a  great  part  of  the  continent  a ronnd 
Porto  Bello.  Amerigo  Vespucci,  a  Florentine,  and  a  man  of 
science,  who  accompniried  Colon,  pnhlished  the  first  account 
of  the  New  World,  and  thus  gave  it  his  own  name  corrupted 
into  America. — Americaia  divided  into  two  parts,  called  North 
and  South ;  Rnd  (hcsc  are  again  subdivided  into  separate  king- 
doms and  states. 

Noarti  Amekic*  is  bounded  on  the  north  by  (he  unexplored 
Arctic  regions:  on  the  west,  bv  the  Pacific  Ocean  and  Beh- 
ring's  Strait ;  on  the  south,  by  (he  Gulf  of  Mexico :  and  on  (he 
ea.1t,  by  the  Atlantic  Ocean ;  that  is  to  say,  from  7i°  north  lati- 
tude, to  72°  north  latitude;  or  &t|°,  being  .1870  geographical 
miles;  and  from  bffi  to  l«!fi  west  longitude,  or  110^,  being 
3300  geographical  miles,  taking  tbe  number  of  miles  at  thirty  in  ■ 
degree  of  longitude  at  latitude  60°.  The  climate  is  very  vanons ; 
but  in  general,  s umm er's  bea l  and  win(Fr'«  cold  are  more  intense 
than  in  most  parts  of  the  continents  of  Europe  and  Asia.  The 
ceotreofNorth  America  is  a  vast  fertile  plain,  watered  bf  many 
rivers.  The  seas  adjacent  to  North  America  are  Baffin's  Bay, 
Hudson's  Bay,  the  gulfs  of  California  and  Mexico,  and  the  .SL 
Lawrence.  The  lakes  arc,  Soperior.  Michigan,  Hnron,  and  Slave 
lake,  between  Canada  and  the  United  States,  The  rivers  are,  tbe 
St  Lawrence,  the  Missouri  or  Mississippi,  Rio-Bravo,  the 
Ohio,  Red-River,  and  the  Mtckensle.  The  mountains  arc,  Ibn 
Stony  Monntnini,  the  ApnUtcUaa  Cbsin,  the  Iron  and  WhMa 
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Oak  Moantains.     These  ridges  are  asoally  marked  on  good 
maps. 

South  America  extends  along  GidP  of  latitude,  or  3960  geogra- 
phical miles ;  and  its  breadth  is  48°,  or  2880  geographical 
miles,  reckoning  from  Cape  Blanco  in  the  west,  to  Cape  St. 
Roqao  in  Uie  east.  Many  parts  of  this  vast  continent  are 
aboriginal  and  impenetrable  forests,  vast  saline  plains,  regions 
flooded  by  inundations  ;  and  from  the  snmmits  of  the  Andes, 
covered  with  eternal  snow,  to  the  torrid  plains  on  the  sea- 
coast,  every  climate  is  perceptible.  The  lakes  are,  Maracaybo 
in  the  north,  100  miles  in  diameter;  Parima  is  100  miles  long, 
and  50  broad ;  lake  Titicaca  is  in  Peru ;  and  in  Chili  is  the 
lake  of  the  Tehuels.  The  rivers  are  those  of  the  Amasons,  or 
Maranon,  the  largest  river  in  the  world ;  Rio  de  la  Plata ;  the 
Orinoco ;  the  Magdalena,  running  north  to  the  Caribbean  sea ; 
St  Francis  in  Brazil,  &c.  The  mountains  are  the  Andes, 
520,280  feet  above  the  level  of  the  sea,  and  4,000  miles  long.  A 
chain  proceeding  from  west  to  east,  at  nine  or  ten  degrees 
north  of  the  equator.  The  mountains  of  Parima,  or  the  chain 
of  the  Cataracts  of  Orinoco,  from  3°  to  7°  north  latitude.  The 
chain  of  Chiquitos,  between  16°  and  20^  of  south  latitude. 
Between  these  three  great  ridges,  three  immense  valleys  open 
to  the  east,  but  shut  to  the  west,  extending  from  the  Andes 
to  the  shores  of  the  Orinoco,  Amazons,  and  Buenos  Ayres.  Of 
these  plains,  that  of  Amazons  is  covered  with  impenetrable 
forests ;  while  those  of  Orinoco,  and  Pampas,  or  Buenos  Ayres,  ^ 
are  grassy  valleys  or  savannas,  so  level,  that  for  800  square 
leagues,  no  elevation  or  inequality  can  be  seen. 

North  America. — ^The  United  States  of  America  occupy 
that  portion  of  North  America  which  lies  between  the  MUssis- 
sippi  on  the  west,  the  lakes  and  the  St.  Lawrenoe  on  the  north, 
and  the  Atlantic  and  the  Gulf  of  Florida  wash  their  eastern 
and  southern  extremities.  The  population  is  above  12  mil- 
lions, including  1,200,000  slaves  I  And  it  is  inferred,  that  the 
population  of  Uiis  country  doubles  itself  every  twenty  years. 
States.     Relative  Situations,  Towns, 


Main 

New  Hampshire 

Vermont,  west  of  New 

Hampshire 

Massachusetts 

Rhode  Island 

Connecticut 

New  York 

New  Jersey 

Pennsylvania,  west  of 

New  Jersey 

Delaware 

Maryland 

Territory  of  Columbia. . 

Virginia 

North  Carolina 

South  Carolina . .  • 

Georgia 


N. 


\ 


^to 


S.W. 


Portland- 
Portsmouth. 

Bennington. 

Boston. 

Newport. 

Newhaven. 

New  York,  Hudson's  River. 

Trenton,  on  the  ri  verDelaware 

Philadelphia,  on  Delaware. 

Dover,  on  Delaware  Bay. 

Annapolis, or  Chcsapeak  Bay. 

Washington,  on  riv.Potomac 

Richmond,  on  James*s  River. 

Newbern,  Nase  River. 

Charleston. 

SavannahyOn  SavannahSound 


Back  Settlements, 


Indiana )  N.to 

Franklinia \  S.W. 

Western  Territory 

Kentucky 

Tennessee 


•  •    ■)    N. 

•  •  -^  to  S. 


Clarksburg. 

Knoxville,  on  river  Tennessee. 

Clarksville,  on  the  river  Ohio. 

Lexington. 

Nashville,on  Cumberland  Riv. 

The  Aborigines  (wild  and  rude  tribes  of  savages)  occupy  all 
the  part  between  Georgia  and  the  river  Biississippi. — The 
government  is  vested  in  a  president,  chosen  every  four  years, 
and  two  councils  or  senates;  the  members  of  the  superior 
senate  being  chosen  every  sixth  year,  and  those  of  the  inferior 
every  second  year.  The  president  is  a  democratical  king^  in 
whom  the  executive  government  is  vested.  Each  province  has 
its  government  or  senate,  consisting  of  a  house  of  representa- 
tives. The  president  commands  both  the  army  and  tiie  nav^  ; 
the  former  is  inconsiderable,  but  the  latter  augments  with 
suspicious  rapidity.  The  revenue  \%  about  twelve  millions  of 
dollars,  the  expenditure  about  ten  millions  ;  the  national  debt 
is  seventeen  millions  sterling.  The  Americans  are  cold  and 
reserved,  evincing  a  contempt  of  strangers,  and  excessively 


bigoted  in  religious  matters,  though  their  tenets  are  as  various 
as  schismatical  invention  can  render  Christianity.  The  col- 
leges and  academies  are  numerous,  but  the  American  bcioksel- 
lers  reprint  twenty  British  works  for  one  originally  transatlaii- 
tic.  The  chief  cities  are.  New  York,  Philadelphia,  CharleitOD, 
and  Baltimore,  for  commerce;  and  Boston  for  itsDuiatical 
spirit  New  Orleans  is  situated  on  the  Missifsippi ;  Norfolk  b 
the  chief  port  of  Virginia.  The  inland  navigation  of  tbe  United 
States  is  very  superior,  but  the  public  roads  are  indifl^tenl 
The  manufactures  are  in  general  in  their  infancy,  though  ia 
some  things  the  Americans  have  made  considerable  progress, 
as  must  be  evident  from  the  population  being  chiefly  eomposM 
of  Britons  and  Germans,  the  two  most  persevering  mechudesl 
nations  of  Europe.  The  climate  is  remarkable  for  stfddeii 
transitions  from  heat  to  cold ;  but  the  seasons  in  general  ediv> 
respond  with  those  in  Europe ;  and  the  soil  is  for  the  most  put 
fertile.  Three  parts  in  four  of  the  population  are  direetlT  <tar 
indirectly  connected  with  agriculture,  which  therefore  thrivei 
well ;  and  while  the  southern  states  resemble  our  West  IndB* 

Plantations,  the  orchards  and  corn-fields  in  the  northern  states 
ear  a  great  resemblance  to  those  of  Lothian  and  Woreest^- 
shire.  The  rivers  are,  the  Mississippi,  the  Ohio,  the  HHnMs; 
the  Uisconsin,  the  Chipaway,  St.  Croix,  the  Great  and  LMe 
Miami,  the  Wabash,  the  Great  Kennaway,  Kentoeky,  the 
Green  River,  tbe  Cumberland,  and  the  Tennessee.  Into  tM 
Atlantic  flow  St.  Croix,  Penobscot,  the  Kennebec,  the  Siadf, 
the  Merimac,  the  Connecticut,  the  Hudson  river,  the  Delaware, 
the  Susquehanna,  the  Potomak,  James's  river,  the  Shenandoa, 
the  Black  Water  and  Staunton,  tbe  Pedee,  the  Santee,  Ihh 
Savannah,  and  the  Attamala.  The  lakes,  Cedar,  Little  Witt- 
nepeg,  and  Leech,  Champlain,  Lake  Geoi^e,  Oneida,  Cayon, 
and  Sennaka.  The  others  we  have  mentioned.  The'ddet 
mountains  are,  the  Apalachian,  the  White  and  Green  moantains 
in  the  northern  districts,  the  Land's  Heights,  the  Safage  wd 
Bald  mountains,  and  the  Allegany  or  Blue  mootttaJns.  The 
aboriginal  forests  are  large  and  numerous;  and  the  take  of  tie 
Dismal  Swamp,  150,000  acres  in  extent,  is  covered  with  trees 
of  prodigious  height,  choked  up  with  brushwood,  so  as  to  render 
the  swamp  impervious.  Bears,  wolves,  deer,  and  'other  wOd 
animals,  roam  undisturbed  here.  The  lake  or  marsh  of  Ona- 
quafenoga,  in  Georgia,  is  900  miles  in  circumference,  and  CfOB 
tains  many  fertile  islands,  one  of  which,  called  Paradise,  or  the 
Happy  Isle,  is  inhabited  by  a  peculiar  race  of  Indians,  whoie 
women,  from  their  incomparable  beauty,  are  called  the  davgh- 
ters  of  the  sun.  The  islands  belonging  to  the  United  States, 
are  Long  Island,  a  few  insular  strips  of  land  near  the  shores  oif 
North  Carolina,  with  others  scattered  along  the  coast,  and  in 
the  various  bays  and  lakes. 

The  Spanish  Dominions  in  North  America. — These  domi- 
nions are  2200  miles  in  length,  and  about  400  in  breadth  ;  and 
the  population  amounts  to  eight  millions,  of  whom  four  million^ 
and  a  half  are  Indians,  two  millions  and  a  half  a  mixed  race, 
and  one  million  of  Spaniards.  And  we  might  divide  them  Into 
East  and  West  Florida,  California,  and  New  and  Old  Mexico: 
thus,  \st.  On  the  Pacific  art, 

^"^  ^'*  Chief  Towns. 

St.  Juan. 

Mazatlan. 

Guadalaxara,  on  Rio  Grande. 

Valladolid. 

Mexico,  on  the  lake  of  Mexico. 

Tlascalla. 

Oaxaca,  on  Rio  Verde. 

Guatimala. 

Fort  St.  Joan,  on  Rio  de  St  Juan. 

Cartage. 

St.  Yago. 

Panama,  on  Panama  bay. 

2rf/y.  On  the  Atlantic  are. 


Divisions. 
California,  n.  w 

Sonora 

Guadalaxara.. . 

Valladolid 

Mexico 

Pucbla 

Oaxaca 

Guatimala 

Nicaragua 

Costarico  ..... 

Veragua 

Panama  • 


Rel.  Sit. 


N. 
^  to 
S.E. 


N. 


New  Leon  ........ 

Vera  Cms 

Tabasco 

Yucatan >  e% 

Verapas ^  °''^' 

Honduras 


New  Santander. 

Tampico,  on  Rio  Taropico. 

Villa  Hermosa,  on  Rio  Tabasco. 

Salamanca. 

Santa  Cruz,  on  the  gulf  of  Dalco. 

Truxillo. 
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3Mp*  Im  iJU  Jnurimr  arv. 
New  ll«xie0y  proper  ^  i  Santa  F^  oa  Rio  BrftTOu 

Dttf  aago. C  N.     Nooibro  dc  Dios. 

Zttcaiccas 4  to  S.    Zacatcc-aj. 

OsMMUiamto y  1  Guanaxiiato. 

Tke  foil,  prodQce,  and  olimate  of  these  dominions  are  thas 
dcaeribed:  —  Exteaiive    aavannas    feed  numeroua  heids  of 
eaitle;  tha  mountaina  abound  in  tiie  precioiii  metals;  tlie 
dimala  is  fliogalarly  divcriiflcd  between  the  tropical  seaaont 
■ad  raiait  nnd  the  temperature  of  the  sonthern,  and  even  mid- 
dle ooantries  of  Europe.    The  climate  liaa  a  rulinfc  influence 
evwr  th«  diaeasea  of  these  regions,  amoopr  which,  the  yellow- 
fever  ia  4HM  of  the  most  fatal,  but  it  usually  coolines  itself  to 
scA-p*'^    '^^  *^^  i'  often  a  deep  clay,  surprisinirly  fertile, 
'  reqniriaf  no  manure,  save  irngation ;  but  the  division  of 
far  more  unequal  than  in  Europe,  yet  apiculture 
The  chief  products  are  wheat,  cotton,  indifi^o, 
oochaneal.    California  is  famous  for  fish,  and  a  pearl 
iahcry  ;  and  in  the  centre  of  this  peninsula  is  a  plain  of  rock 
salu  aa  firm  and  pellucid  as  crystal. — The  province  of  Vallado- 
tid,  iIm  most  delightful  of  these  fertile  reipions,  produces  the 
pine-apple,  pomefraaate,  (i(Cf  citron,  lemon,  oranfi^e,  and  cocoa* 
n«l  trees,  snisar  canes,  indigo,  jalap,  &e.    And  its  chief  ports 
ara  Vcim  Crua  and  Acapuloo. — The  kingdom  of  Mexico  is  by 
far  the  most  important  of  these  settlements,  as  its  capital, 
llesico,  is  the  chief  city  of  Spanish  America.    The  population 
9i  this  city  is  1«)0,0U0  iniiabitants,  and  it  is  tbe  seat  of  a  vast 
eommercc  between  Vera  Crua  and  Acap ulco.     Mexico  is 
rif  atnd  in  a  vast  plain,  747^  feet  abwve  the  level  of  the  sea. 
The  reliicion  is  the  Roman  Catholic,  and  one-fifth  of  the  Spa- 
are  ecclesiastics,  monks,  fdars,  aad  nuns.    The  inquisi- 
raled  here  with  fanatic  fury  in  former  times.    In  Mexico 
ia  an  enclosure  between  four  walls,  filled  with  ovens,  into 
are  thrown  the  unhappy  victims  of  the  inquisition,  con- 
id  to  be  burned  alive !    There  are  in  Mexico  no  remains 
of  what  oiir  lustorians  have  fabled,  and  its  chief  remaining 
inli^aities  appear  to  be  earthenware,  ruins  of  dykes  and  aque- 
darta.  aome  colossal  statues,  bierogiyphicai  pictures,  weapons, 
and  knives  of  sacrifice.    The  government  of  Mexico  is  the 
chiaf  of  Spanish  America,  and  it  is  extended  over  a  territory 
tfaal  ta  an  European  empire.    The  sovereign's  power  extends 
la  the  patronage  of  all  the  churches,  the  disposal  of  lucrative 
oftces,    monopolies,  connivances,  presents;    and   his  court, 
upon  m  irgal  plan,  is  hemmed  in  by  horse  and  foot  guards, 
while  his   household    and    numerous    attendants    swell   the 
Guatimala  is  ruled  by  a  president,  who  is  also 
kin-general  of  the  troops.    Each  of  the  interior  provinces 
its  president.    The  army  has  been  computed  at  40^000 
mn  ;  hut  it  is  diflicult  to  speak  near  truth  on  the  revenue,  and 
anaral  ather  matters  of  general  geography,  bekNiging  to  the 
Spaauh  dominions  in  North  America.    The  indepemlenee  of 
Vaaico  has  beea  formally  acknowledged  by  Great  Britain, 
this  oonotry  is  still  partly  ruled  as  foruicrly,  but  it  seems  proba- 
Us  that  its  goverament  will  be  assimilated  to  that  of  the  United 
Slales*    The  chief  towns  are,  Tasco,  Gnanaxuato,  Guatimala, 
Islippa,  Mcrida,  Saata  F^,  Panama,  Porto  Belto,  and  Aea* 
yilco.    Tasco,  situated  0000  feet  above  the  level  of  the  sea,  is 
iW  irat  of  the  noted  mines  of  Moran  and  Oyamel.    The  sur- 
"Niilinc  iwgioa  is  covered  with  oaks  and  pines,  and  the  crops 
•f  aheat  and  barley  are  very  abundant.    But  Guanaxuato 
kotus  tlie  richest  siKer  mines  in  the  world ;  that  of  Valeacia 
Nddug  iu  proprietor  a  revenue  oC  £130,0(N>  annually,  and 
prod  sees  above  half  a  million  sterling.    This  nunc  is  280 
hUsms  ia  depth.     In  1773,  Guatimala  was  destroyed  by  an 
•vth^ake.  and  8000  families  perished ;  hot  the  new  city  is 
Hit  pMiplrd.     Xalappa  is  romantically  situated  in  a  fine 
t^alc,  about  the  middle  of  Vera  Crux ;  and  near  it  the  saowy 
paik  of  Oriaala,  or  the  atar  mountain,  rises  to  the  sublime 
Mifht  of  17.a00  foet  above  the  level  of  the  sea.     In  Merida. 
<fe  capital,  resides  the  governor  of  the  province  <>f  Yucatsn. 
Asithrr  ifovomor  resides  at  Santa  F^.     Panama  has  a  rich 
pad  ishary,  mad  is  the  noted  resort   of  merobant  vessels. 
FWio  Bello'  is  a  Ana  harbour,  and  is  celebrated  for  its  fairs, 
mc  miwh  firaqoeated  by  meiwhants.    And  though  the 
•f  AcaMlaa  he  sakfy.  It  —graaaas  the  ohiaf  Iftdiaa 

4 


The  British  Poaacfsioiia:  Canada,  ke.— Caaada  exieada 
from  the  Gulf  of  St.  Lawrence  to  Lake  Wiaaapeg,  1400  miles ; 
and  its  average  breadth  is  about  200  miles.  This  eoontry  is  In 
general  mo«ataino«s  and  woody  ;  hot  in  Upper  Canada  thera 
are  savannas  and  plains  of  p^eat  beauty.  In  the  lower  pro- 
vince, the  soil  is  a  loose,  bladk,  fertile  mould,  of  a  loot  thUkf 
resting  on  clay.  The  climate  is  salubrioos,  hot  cold  during 
winter,  which  continues  eight  months  severe.  Caaada  exports 
furs,  hides,  timber,  fish,  potash ;  and  receives  spirits,  wimm^ 
tobacco,  sugar,  salt,  and  niamilactnred  goods,  chiefly  from 
England.  The  establislird  reitgion  is  the  Protostant,  snpes- 
intended  by  the  Bishop  of  Quebec.  But  as  the  French  wera 
the  first  possessors  of  Canada,  there  are  aiany  Catholics.  The 
Protostaat  clergymen  are  12,  the  Catholic  12&,  from  which  it 
appears  in  what  ratio  the  CatbdicH  outnumber  the  Protestants. 
The  chief  towns  are.  Quebec,  Sorelle,  Trots-Riviers,  Montreal, 
and  Kingstoa.  Quebec,  upon  the  north  of  the  rirer  St.  Law* 
rence,  is  immortalised  by  the  death  of  General  WoHe.  The 
population  amounts  to  Kl.OUl)  souls ;  and  tiia  adjacent  eoantry 
presents  much  snhiime  and  picturesque  sceoery.  Frona 
December  to  April,  the  river  is  froacn  over  here.  Montreal, 
IMI  miles  above  Quebec^  has  about  7000  inhatiitants,  and  ila 
chief  trafllc  is  in  furs,  which  the  traders  purchase  from  the 
Indians.  Kingston  is  situated  on  the  Lake  Ontario,  at  tha 
grand  egress  of  the  river  St.  Lawrence.  Trois-* Riviera  is  tha 
grand  resort  of  the  Indians,  and  its  populatioa  is  aot  mare 
than  1600  soub.— The  islaad  of  Newfoundland,  about  920  miles 
in  length  and  breadth,  has.  aa  its  chief  towns,  St  John,  Placen* 
tin,  and  Bonavista.  The  population  does  not  exeeed  a  thousand 
families  during  the  wiater.  The  celebrated  station  on  tha 
banks  of  Newfaundiaad  is  more  than  4U0  miles  ia  length,  and 
about  140  ia  breadth;  the  water  beiag  from  twenty-two  to  fifty 
fathoms,  with  a  great  swell,  and  frequentiy  a  thaek  fog.  Tha 
ehief  fishery  begins  on  the  10th  of  May,  and  continnes  tili  tha 
end  of  September ;  the  greatest  number  of  cod-fish  taken  by  a 
single  fisherman  is  about  twelve  thousand,  tlie  average  is  sevmi 
thousand.  The  largest  fish  are  each  about  four  feet  three  iachaa 
in  length,  and  weigh  about  forty-six  pounds.  Upwards  af 
600  English  vessels  frequent  these  banks,  and  about  the  saaM 
number  of  Americans  and  Frenrb. — New  Brunswick  is  sepn* 
rated  from  the  province  of  Main,  belonging  to  the  United 
States,  by  the  river  St.  Croix :  and  the  Apalachiaa  mooalaina 
pass  along  the  north-west  of  this  province.  The  capital  is 
Frederick  Town,  on  the  river  St.  John,  which  aiords  a  eom> 
mon  and  near  ronle  to  Quebec.  Some  setUemcnts,  oommandod 
by  Fort  Howe,  have  been  established  in  the  bay  of  Fundi.— 
Nova-Scotia  is  a  pro^inee  on  the  east  of  Canada,  aad  south  of 
the  river  St.  Lawrence.  New  Bronawicfc  is  the  more  northeHy, 
Nova  Scotia  the  mure  southerly.  And  tlie  Bay  of  Funitt, 
between  New  Brunswick  and  Nova  Scotia,  extends  fifty 
leagues  inland,  the  ebbing  and  the  iowiug  of  tiM  tide  beinK 
from  forty -five  to  sixty  fi'ct.  Halifax,  the  capital  of  Nova 
Scotia,  coataias  16,000  inhabitants;  and  the  Bay  of  Fsadi  ia 
remarkable  for  its  sublime  and  picturea^e  scenery, 
island  of  Cape  Breton,  Hose  to  Nuva  ScotiR,  has  a  cold 
f<*IQCy  olinitlc,  aad  the  aoil  is  a  mere  mojii,  wait  for  agriesdl 
But  the  fur  trade  and  fisheries,  at  its  chief  towns,  Sidney  and 
Louisbourg,  are  very  nmsideraMe.  The  Bf*rviindas,  or  Sannnar 
Islands,  are  situated  about  half-way  between  Nova  Scotia  and 
the  West  Indies. 

Native  Tribes,  and  Uaoonqoered  Countries.— These  nrc, 
Greenland,  Labrador,  the  regions  round  Hudson's  aad  BafW's 
Bays;  the  central  parts,  and  the  western  coast.  <areealand  was 
visited  by  tiie  Norwegians  in  the  year  imi,  above  400  ycows 
beiore  Colon  discovered  San-Salvador  or  Cat  Island.'  Bait 
about  1406.  about  eighty-six  years  before  Colon's  discovery, 
by  the  gradual  increase  of  the  arctic  ice,  the  Norwegian  oolawy 
was  coinplet(*ly  imprisoned  by  ihc  froceii  oecan.  This  dreary 
region  consists  of  rocks,  i<:e,  and  snow ;  and  ia  the  soutl^weat 
there  are  Danish  and  Moravian  settlements.  The  botaay  ia 
made  up  of  junipers,  willows,  and  dwarf  birches.  The  naoiogy, 
of  rein-deer,  wolf-<iogs,  foxes,  bears ;  aea-fowl,  fish,  and  a  few 
species  of  insecti.  The  natives  are  Americaa  Samoieda,  or 
Iskimois,  short  of  stature,  with  long  black  hair,  smaM  eyaa» 
and  flat  fooes  ;  and  their  aombera  do  wvt  exeeed  tea  tliausaad^ 
ohifilly  employad  in  cttnhing  acala  and  in  iahiog.— Lahradar* 
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■apposed  to  have  been  discovered  by  the  Norwegians  about  the 
▼ear  1003,  receives  its  name  from  a  Portuguese  navigator,  who, 
in  1/jOO,  arrived  at  it  in  search  of  a  north-west  passage.  The 
natives  are  Iskimois  savages  of  filthy  manners,  and  a  race  of 
mountaineers  resembling  gipsies,  but  with  French  features, 
and  in  their  religion  Roman  Catholics.  This  country  abounds 
in  bears,  rein-deer,  foxes,  martins,  and  beavers;  tiie  lakes, 
rivers,  and  pools,  are  rich  in  salmon,  trout,  pike,  barbel,  and 
other  fishes.  The  bears  are  remarkably  fond  of  salmon,  and 
will  assemble  in  numbers  at  the  cataracts  where  the  salmon 
ascend,  to  catch  their  favourite  prey.  Some  dive  after  the  fish, 
and  do  not  appear  again  till  at  the  distance  of  sixty  or  seventy 
yards.  But  they  are  usually  successful  in  the  pursuit.  Others 
appear  mere  loungers,  that  have  come  only  to  see  the  sport, 
and  ei\joy  the  promenade  among  the  surrounding  alders, 
spruce-firs,  larches,  birch,  and  aspin-trees.  Nor  is  it  an  unusual 
thing  for  two  score  of  white  bears  to  be  present  at  this  specta- 
cle ! — The  regions  round  Hudson's  Bay  arc  held  by  the  Hud- 
son's Bay  Company,  and  the  North-West  Company,  both  Eng- 
lish ;  hence  these  regions  have  been  called  New  Britain.  The 
parts  on  the  west  of  Hudson's  Bay  have  also  been  called  New 
North  and  South  Wales,  while  that  on  the  east,  between 
Labrador  and  the  bay,  is  called  East-Main.  Hudson's  sea  pre- 
aents  bold  rocky  shores,  or  marshes,  and  large  beaches ;  the 
winters,  even  in  latitude  75^,  are  extremely  severe ;  mock 
sans  or  halos  are  frequent ;  the  sun  itself  rises  and  sets  with  a 
large  cone  of  orange-coloured  light ;  the  aurora-borealis  dif- 
Aises  its  variegated  splendour  with  as  much  brightness  as  the 
fnU  and  cloudless  silvery  moon ;  and  the  stars  scintillate  with 
oncommon  redness.  The  central  parts  are  only  known,  from  the 
travels  of  Heame,  Mackenzie,  and  Franklin.  These  parts  are 
inhabited  by  various  tribes  of  Indians,  who  are  chiefly  em- 
ployed in  hunting  and  fishing.  The  animals  found  are  those 
peculiar  to  northern  latitudes  ;  the  rivers  and  lakes  are  stored 
with  fish  and  water  fowl ;  and  so  numerous  were  the  herds  of 
elks  and  buffaloes  which  Mackenzie  met  with,  where  the 
seenery  was  interspersed  with  hill  and  lawn,  that  the  country 
resembled  a  stall-yard.  The  natives  towards  the  Pacific  are 
Ifdrer  than  those  of  the  central  parts,  and  evince  a  decided 
aaperiority  in  the  arts  and  in  their  manners.  The  western 
eoast  comprises  all  those  shores  stretching  from  Behring's 
Strait  to  New  Mexico.  It  is  bounded  inland  by  a  great  chain 
of  moontains,  and  the  whole  region  is  chiefly  alpine,  bearing  a 
strong  resemblance  to  Norway.  The  natives  are  savages  ;  in 
some  tribes  mild  and  affable,  as  well  as  just  in  their  dealings; 
in  others,  cruel  to  strangers,  and  brutal  to  tlieir  captives  taken 
in  war,  as  the  sava^i^es  of  Nootka  and  the  Mosquinas,  who 
massacred  the  Franciscan  missionaries ;  and,  among  the  whole, 
the  females  are  held  in  abject  subordination. 

The  Isles  of  Colon,  or  the  West  Indies. — These  islands  are 
Gaba,  St.  Domingo  or  Hayd,  Jamaica,  Porto  Rico,  the  Antil- 
les, Caribbee  or  Leeward  islands,  Trinidad,  and  the  Bahama 
islands. — Cuba  is  700  miles  long,  but  only  70  broad.  This 
island  is  fertile,  producing  excellent  sugar,  and  the  famous 
fiavannah  tobacco.  It  is  governed  by  a  Spanish  governor- 
general  and  eighteen  magistrates.  The  chief  town  is  Havan- 
nah,  and  the  people  are  fond  of  bull-fights,  cock-fightings, 
balls,  and  good  living. — St.  Domingo,  or  Hayti,  is  now  an  inde- 
pendent empire :  the  national  assembly  of  France  having 
S>assed  decrees  for  the  mulattoes,  or  people  of  colour,  to  vote 
or  representatives,  the  slaves  rose  against  their  oppressors, 
and  after  many  battles,  have  cfiected  their  independence  ;  and 
the  island  is  now  governed  as  a  republic,  after  the  fashion  of 
the  United  States  of  America.  The  products  of  this  island  are 
similar  to  Cuba  and  Jamaica. — Jamaica,  an  English  settlement, 
is  170  miles  long,  and  60  broad.  It  is  divided  into  three  coun- 
ties, Cornwall  in  the  west,  Middlesex  in  the  centre,  and  Surrey 
in  ihe  east.  St.  Jago  or  Spanish  town,  is  the  capital,  and 
Kingston  the  chief  sea-port.  The  products  are  sugar,  rum, 
coffee,  indigo,  ginger,  pimento.  The  legislature  consists  of  a 
oaptain-general,  or  governor ;  a  council  of  twelve,  nominated 
by  the  king ;  a  house  of  assembly,  of  forty  memberx,  who  are 
fimbolders.  The  bread-fimit  tree  has  been  introduced.  The 
Blae  Moontains  rise  7430  feet  above  the  level  of  the  sea.— 
POrto  Rico,  belonging  to  Spain,  is  1520  miles  long  and  40  broad. 
It  ia  A  fisrtUe,  beantiAil,  and  well-watered  island;  producing 


cotton,  sugar,  ginger,  hides,  drugs,  and  sweetmeats. — ^Tbe 
Caribbee  Islands,  extending  from  Tobago  in  the  south,  to  the 
Virgin  Islands  in  the  north,  are  of  noted  fertility  and  commer- 
cial advantage,  producing  sugar,  cotton,  rum,  cofl'ee,  indigo, 
&c.  These  islands  are,  Barbadoes,  Antigua,  St.  Christophers, 
St.  Vincent,  Dominica,  Grenada,  Montserrat,  Nevis,  Trinidad, 
and  the  Virgin  isles,  belonging  to  Great  Britain.  The  French 
Caribbee  islands  are  Martinique,  Guadeloupe,  St.  Lucie, 
Tobago,  and  some  islets.  The  Danes  possess  St.  Croix,  St. 
Thomas,  and  St.  John,  attached  locally  to  the  Virgin  gproap. 
St.  Bartholomew  belongs  to  Sweden ;  and  St.  Eustatius  to  the 
Dutch.  Trinidad  is  about  sixty  miles  long  by  fifty  broad ;  the 
cUmate  is  delightful ;  and  two-thirds  of  the  soil  is  most  fertile. 
— ^The  Bahama  or  Lucayos  Islands  comprise  Abaco,  Bahama 
Eleuthera,  Providence,  Cat  Island  or  San-Salvador,  Crooked 
Island,  and  Cayo.  The  inhabitants  are  whites,  English  and 
Spanish,  with  many  negroes.  These  West  India  islands  afford 
cotton,  logwood,  mahogany,  the  cabbage-palm-tree,  rising  200 
feet,  the  tamarind  tree,  vrith  its  airy  elegance  and  acid  pods, 
the  alder,  and  elm ;  the  fruits  are  apples,  peaches,  figs,  grapes, 
pomegranates,  oranges,  pine-apples,  cashew-nuts,  cocoa-nnts, 
and  gnavas ;  and  the  spices  are  numerous  and  exquisite. 

South  America.—The  extent  of  this  continent  has  already 
been  noticed.  It  is  divided  into  the  Spanish  dominions ;  the 
Portuguese  dominions ;  the  French  dominions  ;  the  Dutch  ter- 
ritories ;  and  the  countries  possessed  by  the  native  tribes.  Hie 
Spanish  dominions  once  comprised  the  viceroyalties  of  La 
Plata,  Peru,  and  New- Granada,  with  the  Caraccas,  and  some 
inferior  governments.  The  Portuguese  dominions  are,  Branil, 
and  part  of  Guiana  ;  the  French  and  Dutch  were  also  in  Gai- 
ana ;  and  the  native  tribes  possess  Patagonia  and  other  coun- 
tries. The  Spanish  dominions,  that  is  to  say,  the  countries 
subject  to  Spaniards,  whether  independent,  or  governed  by  the 
mother  country,  contain  a  population  of  4^  millions  of  sonls ; 
and  are  divided  into,  1st.  The  Territories  on  the  Caribbean 
Sea,  comprising  Venezuela,  Cumana,  Guiana:  chief  towns, 
Leon  de  Caraccas,  Cumana,  St.  Thomas.  2<//y.  The  Territo- 
ries on  the  Pacific,  comprising  New  Granada,  Peru,  ChiU,  La 
Plata:  chief  towns,  Carthagena,  Lima,  St.  Jago,  Buenos 
Ayres.  Venezuela  is  now  an  independent  republic ;  a  portion 
of  Cumana  is  also  free  from  the  Spanish  yoke  ;  and  the  wbolo 
of  these  territories  have,  in  our  own  times,  been  erected  into 
independent  states.  (1825.^ 

The  Kingdom  of  La  Plata.— The  kingdom  of  La  Plata,  or 
Buenos  Ayres,  may  be  thus  described.  In  extent  it  reaches 
from  14^  south  to  near  38^,  that  is,  24P,  or  1440  geographical 
miles  in  length  ;  and  in  breadth  about  12^,  or  720  geog^phical 
miles.  The  population  is  about  2|  millions  of  souls.  The 
government  was  managed  by  a  viceroy,  who  had  also  the  title 
of  captain-general,  and  his  jurisdiction  extended  to  the  whole 
of  the  political  management,  except  the  royal  treasury ;  which 
was  managed  by  the  paymaster-general  of  the  army.  The 
strength  of  the  army  is  not  considerable,  but  some  of  its  native 
troops  are  expert  in  the  spear,  the  rope,  and  the  ball.  In  their 
manners,  the  people  resemble  the  European  Spaniards,  becanse 
it  has  been  the  policy  of  Spain  to  excite  the  colonists  to  remain 
in  the  new  territories;  and  this  she  did  by  the  superlative 
prudence  of  the  council  of  the  Indies,  an  assembly  of  her  most 
enlightened  men.  Indeed,  the  whole  government  of  the  Spanish 
colonies  in  America,  has,  for  a  series  of  years,  been  managed 
by  this  council.  The  chief  cities  are,  Buenos  Ayres,  on  the 
west  side  of  the  river  La  Plata,  an  agreeable  place,  containinr 
40,000  inhabitants,  and  may  be  considered  the  grand  mart  of 
European  goods  passing  to  Peru.  Montevideo  is  celebrated 
for  its  harbour;  Santa  F6  is  on  the  g^eat  river  La  Plate; 
Potosi  is  famous  for  its  mountain  of  silver,  which  the  avariee 
and  labours  of  270  years  have  scarcely  lessened.  La  Pat,  an 
elegant  and  clean  town  in  the  same  region,  trades  chiefly  in  the 
noted  tea  of  Paraguay.  Mendoza,  in  a  pleasant  situation  on 
the  eastern  declivity  of  the  Andes,  is  in  the  celebrated  passage 
through  those  mountains  to  Peru.  Chucuito,  on  the  gnad 
Lake  Titicaca,  is  a  cheerful  and  convenient  town,  surronnded 
by  a  cold  climate,  but  a  fertile  soil.  Pimo  is  a  rich  and  popo* 
lous  town ;  Oruro  is  noted  for  its  mines ;  Oropesa  is  the  oapitnl 
of  Cochambambm,  once  the  granary  of  Pern ;  Santa  Cmi  is  m 
famous  missionary  station ;  Jiiyuy  is  oelebrated  for  its  cattle* 
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Inde  ;  Salta  for  its  annaal  fair  in  the  ralley  of  Lenna,  where 
6U,0UO  mul«t  and  01)00  horses  are  commonly  collected  for  sale. 
The  commerce  between  Baenos  Avres  and  Peru  is  carried  on 
by  means  of  little  waggons  drawn  bv  oxen  as  far  as  Jujuv  and 
Mendoca,  where  it  is  necessary  to  have  recourse  to  mules  on 
acroont  of  the  mountain.  Commerce  having  increased  the 
circulation  of  mone^,  agriculture  has  made  rapid  progress 
amidst  the  fertile  plains  of  this  extensive  region.  In  regard  to 
its  natural  geography,  the  kingdom  of  La  Plata  boasts  of  noble 
rivers,  as  the  Parana  or  La  Plau,  the  Parafpiay,  the  Uruguay, 
and  the  Mendoza.  The  Mendoia  has  pierced  a  hill,  and 
formed  a  natural  bridge,  over  which  three  waggons  may  pass 
abreast.  And  its  lakes  are  generally  salt ;  but  some  are  sweet 
water,  and  that  of  Titicaca  is  celebrated  for  an  island  in  which 
the  Incas  dedicated  a  temple  to  the  sun.  The  Indians  have  a 
tradition,  that  when  the  Spaniards  entered  the  country,  great 
tre&tnrcs  were  thrown  into  this  lake,  and  among  others  the 
peat  chain  of  gold,  so  long  that  0000  men  danced  in  the  ring  It 
romed.  The  mountains  of  Cordova,  by  some  regarded  as  a 
brmach  of  the  Andes,  are  covered  with  perpetual  snow.  In  the 
botaaiy  of  La  Plata,  we  find  the  cinchona,  or  Jesuits'  bark,  rhu- 
barb, jalap ;  the  carrob  tree,  which  in  winter  affords  a  palatable 
drink  and  food  to  both  man  and  beast;  the  tea  of  Paraguay,  com- 
posed of  the  leaves  of  a  small  tree  resembling  the  orange,  jfn  the 
loology  of  this  country,  we  find  the  American  camel,  or  native 
ibeep,  from  the  wool  of  which  a  most  elegant  and  durable  cloth 
is  mannfactured ;  the  American  tiger  or  ja^aar,  and  the  puma  or 
ion :  the  wild  cat,  the  elk,  the  ant-bear,  a  kind  of  deer,  hippo- 
potami :  the  condor,  an  immense  bird  with  a  red  crest,  and 
Mack  body  spotted  with  white  ;  the  Paraguayan  ostrich,  par- 
tridges, serpents  of  prodigious  size,  Sec.  The  mineralogy  of 
this  kingdom  is  extensive,  and  lucrative  beyond  all  belief ;  for 
lot  to  speak  of  Potosi,  the  mines  of  gold  and  silver  are  innn- 
aetmble.  In  the  province  of  Chaco,  a  mass  of  native  iron,  per- 
fectly malleable,  has  been  found.  Near  Jujuy  is  the  hall  of 
Solas,  a  singular  volcano,  whence  the  winds  rush  out  with 
overbearing  whirls  and  clouds  of  dust  Not  far  fVom  Cordova 
pent  up  winds  issue  out  with  violence  by  small  apertures  from 
Ike  rocks,  and  produce  a  noise  resembling  the  discharge  of 
•rtillery  at  *  the  siege  of  a  fortress.  And  in  the  town  itself, 
4onDg'a  still  night,  the  inhabitants  hear  passing,  as  it  were 
Mtom  street  to  ittreet,  a  dull  murmur,  like  tne  noise  produced 
ky  thumping  with  a  wooden  pestle  in  a  huge  mortar. 

Kingdom  of  Peru.— Peru  borders  on  New  Granada  on  the 

on  the  north-east  it  joins  the  Pampa  del  Sacramento; 

Ike  east,  the  savage  nations  of  the  Pajonal ;  an<l  on  the 

itknrast,  the  kingdom  of  Buenos  Ay  res.     Its  length  has  been 

ipvted  423  geographical  leagues,  and  its  breadth  80  leagues. 

provinces   are    forty-two,    but    only  a   few   have  neen 

4eflcribed.  though,  among  the  native  nations  of  America,  the 

Fenivians  are  by  far  the  most  interesting.    The  number  of 

lawBi  and  villages  exceeds  1500.    Like  the  other  governments 

flf  Spanish  .South  America,  the  viceroy alty  of  Peru  eonsisited 

of  two  branches,  political  and  ecclesiastical.    The  archbishop 

•f  lima  has  four  suflfragans,  and  besides  the  chapters  of  these 

kbkops,  tkere  are  567  curates  of  the  ro}  al  presentation.    In 

tke  Peruvian  vallevs  between  50  and  15^,  no  min  falls,  but  vege- 

tMioa  is  so pportedf  throughout  this  region  by  liberal  dews.  The 

Ulh  table-lands  of  the  Andes,  at  the  height  of  10,0(iO  feet  above 

the  level  of  the  sea,  enjoy  a  perpetual  spring  united  with  an 

eternal  autumn ;  the  fields  are  always  verdant,  the  grains  ever 

vtve  in  golden  harvests ;  and  the  fruit-trees  are  in  blossom, 

ii  ripening,  or  in  matured  fruit.    The  chief  cities  are,  lima 

iW  capital,  containing  a  population  of  52.0U0  souls,  and  carry- 

kroa  a  great  commerce  with  all  parts  of  the  world,  by  means 

if  iaiermediate  agencies:  Cuico,  the  second  city.  (Mice  the  seat 

^tbe  Peruvian  monarchy,  ami  having  a  population  of  2(1.000 

■Plants.     Lima  is  the  maritime,  Cuico  the  inland,  capital. 

1W  oikcr  eitiet  are,  Arequipa,  Guamanga,  Truxillo,  Arica, 

Oropesa,  Jauja.  Lambayeque,  Caxamarca,  lea.  and  Guanuco. 

Trtullo  is  subject  to  earthquakes ;  for  unluckily  the  earthly 

ise  of  the  Andean  table-land  is  in  many  places  but  an 

soil,  encrusting  subterranean  fires  of  sulphureous, 

iUipe,  and   aqueoua  matters,  in  p(*rpetual  fusion,  to  pour 

knh  trvflicDdoaa  akowers  of  destructive  lava.    The  botanv  of 

hn  md  Chili  is  CBteuiva  mad  tmiotu,  for  while  the  ? alleya 


on  the  sea-shore  boast  the  coMW  tropical  plants,  the  milder 
plains  on  the  Andean  table-land  are  favourable  to  plants  of  a 
hardier  constitution.  The  lOology  of  Peru  differs  little  from 
that  of  La  Plata ;  the  mountain  cat,  a  species  of  deer,  foxet^ 
bears,  wolves;  a  sea-fowl  with  feathered  body  and  mem- 
branous wings  like  the  bats.  The  flamingo  frequents  the  lakes. 
The  silk-weaving  spider,  as  large  as  a  crab,  and  with  teeth  like 
a  rat's,  abounds  in  Jaen.  In  short,  the  whole  country  of  Peru 
is  one  vast  field  of  natural  curiosities. 

The  Kingdom  of  New  Granada.— New  Granada  extends  from 
3i<>  south  latitude,  to  VJP  north  latitude,  or  151^  being  030  geo- 
graphical miles :  and  the  medial  breadth  has  been  assumed  at 
240  geographical  miles.  The  provinces  are  twenty-four  in  all, 
and  the  following  is  their  natural  geogra|Ay : — ^The  province  of 
Jaen  de  Bracumoras,  the  most  southern,  producing  gold,  cot- 
ton, chocolate,  and  tobacco.  The  district  of  Cuenca,  situated 
on  the  table-laod  of  Quito,  is  of  benign  temperature,  produ- 
cing abundance  of  cattle,  sugar,  cotton,  and  grain.  Macas,  a 
considerable  province  on  the  eastern  declmty  of  the  Andes, 
has  a  warm  and  moist  climate,  and  produots  cotton,  sugar, 
tobacco,  and  cinnamon.  Kiobamba,  noted  for  the  earthquake 
of  17U7,  when  only  400  persona  escaped  out  of  9000!  Guaya- 
quil is  celebrated  for  its  commerce.  Terra  Firma  is  a  name 
given  to  Panama ;  and  the  province  of  Darien  if  extended  on 
both  sides  of  the  gulf  so  called.  Santa  F£  enjoys  a  perpetual 
spring,  and  the  abundance  of  nature  may  be  preiumecl,  from 
the  fact,  that  here  there  are  two  harvests.  San  Joan  de  los 
Llanos  consists  of  prodigious  plains,  of  a  fertile  soil,  and  con- 
taining an  abundance  of  cattle,  with  some  gold  mines.  Antio- 
quia  is  chiefly  celebrated  for  its  gold  mines.  Quito  enjoys  an 
uniform  temperature ;  and  the  capital  of  the  same  name  is 
famous  as  being  the  place  where  the  French  mathematicians 
measured  a  degree  of  the  meridian.  Popayan  enjoys  a  per- 
petual spring,  and  abounds  in  fruits.  The  people  of  this  pro- 
vince are  noted  for  their  integrity.  Carthagena  is  noted  for 
its  European  fashions,  imported  since  its  increasing  commerce, 
wealth,  and  luxury.  Santa  Marta  is  famed  as  the  province  in 
which  the  Andes  terminate.  The  chief  rivers  are  the  Magda- 
lena  and  the  Cauca.  Some  of  the  most  useful  vegetable  pro- 
ductions have  been  already  mentioned,  as  belonging  to  the 
other  kingdoms;  but  there  are  plants  peculiar  to  the  Andes, 
whose  genera,  species,  and  nomenclature,  belong  not  to  this 
work.  In  the  soology,  vre  find  the  tapir,  an  animal  resembling 
a  cow,  but  about  the  sise  of  an  ass ;  wild  boars,  deer,  ant- 
eaters,  the  jaguar,  the  puma,  wild  cats,  serpents,  and  alliga- 
tors. In  the  mineralogy  of  New  Granada,  we  find  the  rick 
gold  mines  of  Choco  and  Antioquia  ;  the  silver  mines  of  Mar- 
quetones  ;  the  emerald  mines  of  Muzo ;  and  the  copper  mines 
of  Vetcz.  Among  the  natural  curiosities  may  be  mentioned  the 
vertical  cataract  of  Bogota,  precipitating  its  waters  from  a 
height  of  300  fathoms.  This  cataract  is  the  river  Feunsa, 
which,  after  passing  along  a  narrow  channel  on  a  high  table> 
land,  is  poured  as  from  the  spout  of  a  Yase  in  one  arch  of  1390 
feet.  The  noise  from  the  fall  in  the  basin  below,  the  ftpray, 
the  clouds  of  vapour,  the  rainbows,  the  surrounding  picta- 
resque  scenery  of  trees  and  shrubs,  render  the  cataract  of 
Tequendama  one  of  the  wonders  of  the  world  t 

The  Government  of  the  Caraccas. — This  government  iselades 
Venexuela,  Mararaibo,  Varinas,  Cumana,  (including  Barce* 


lona.)  Spanish  (ruiana,  and  the  Isle  of  Margarita.  This  cov< 
ment  is  now  considered  the  republic  of  Vcnesuela,  and  there- 
fore we  shall  notice  the  rather,  its  products,  commerce,  cities, 
and  natural  geography.  Singular  as  it  nmy  appear,  there  are 
rivers  in  this  district  which  rise  on  the  sea-coast  as  it  wero» 
and  flow  inward.  Beeves,  horses,  and  mules,  pasture  in  the 
interior ;  the  vales  alone  are  fertile.  The  cultivated  articles 
are  chocolate,  indigo,  and  tobacco ;  but  Ilayti  used  to  yield  tern 
times  the  produce  of  the  Caraccas.  The  peat  ports  are  Ovayra 
and  Porto  Cavello,  but  the  cimiroerce  is  inconsiderable,  and 
for  a  long  time  the  greatest  contraband  trade  was  carried  on. 
The  chief  towns  are,  Caraccas  the  capital,  which,  though  enjoy- 
ing a  perpetual  spring,  was  lately  injured  by  an  earthquake. 
Porto  Cavello,  an  unhealthy  place,  and  dangerous  of  access  Id 
the  crews  of  foreign  vessels.  Valencia,  a  neat  town ;  Maraeay, 
a  beautiful  village,  in  the  rich  vale  of  Aragoa :  Tulmero,  in  tke 
same  Yale,  a  kandsome town;  Yietoria,  Coro,  Cararo,  BvfaW 
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Nirgu*,  ftfv  ftii  (Hrom  of  iniMr  importlMc*.  Colnaaii  mtmd  lo 
f#nii  a  AitegatM  governmeDt,  contistiiiit^  of  th^  tiro  proriiiGos 
of  Cofftana  and  Barcetona.  Caroaaa  is  sabjaot  to  ft^qaant  aarUi* 
qoakaa.  Baroekna  is  aMed  diiafly  fbr  its  breeding  of  swine ; 
and  tie  itla  ^  Margarita  ai  a  military  atatian,  for  the  invasion 
of  the  Caraoaas.  The  town  of  Maraoaiho  is  rather  anhealthy, 
aad  the  thunder  storms  are  terrible,  but  without  them  earth- 
quakes prevail.  The  tobacco  of  Varinaa  is  highly  celebrated. 
The  lakes  are  Maracalbo,  famous  for  its  mineral  pitch,  which 
at  night  aerv«s,  by  its  bituminous  ignited  vapours,  as  a  lantern 
or  phtttoa  to  tli«  Spaniards  and  Indians ;  and  the  lake  of  Valen- 
oia,  wbi€i>  tiMUgh  reoeiriag  twenty  rivers,  discharges  its 
superfluous  waters  by  a  subterraneous  tunnel  of  evacnationi 
and  nouriahes  amidst  its  swampy  waters  moastroos  Itaards,  on 
which  the  tMMlVes  fee^d.  The  nvers  are,  Orinoco,  Apburo^  the 
PortogUeia^  the  Guariee,  the  Uoari,  and  the  Gunrapicba.  In 
tiie  interior  ef  Gumana  there  is  a  cavern  called  Guacharo, 
famoui  among  the  Indians  for  being  of  immense  extent,  and 
aerving  as  a  habitatien  for  thousands  of  a  kind  of  nocturnal 
birds,  Cot  gtmt-sucker,)  which  the  Indians  suppose  to  be  the 
fouls  or  their  aaoestora.  This  remarkable  cavern  is  therefore 
visited  vrith  gfeat  ceremony. 

Spanish  Crufana.— Spanish  Guiana  is  the  province  which,  in 
some  maps,  the  geographers  caU  New  Cumana,  or  New  Anda- 
lusia. Tlio  territory  of  Guiana  is  bounded  by  the  Orinoco,  and 
Hie  Negte  rivers  in  the  west  and  north  ;  on  the  south  by  the 
Maranott;  on  the  east  by  the  Atlantic  ocean.  The  part  of 
Brazil  on  the  noKh  of  the  river  Maranon,  is  ealled  Portuguese 
Guiana.  Spanish  Guiaha  is  bounded  on  the  south>-east  by 
Butch  and  Frenck  possessions ;  on  the  south,  by  the  Portu^ 
g^se ;  on  ^e  west,  by  the  Rio  BlancKo,  or  rather  the  great 
river  Negro ;  and  the  Orinoco  en  tbe  south.  Guiana  is  the 
sent  of  a  bishop :  the  inhabitants  sleep  wt  the  terraces  of  Hieir 
houaes  during  the  great  heats. 

Yhe  Kingdom  of  Chili. — Chili  is  a  delighlAil  country,  extend- 
iug  for  more  iban  1200  geographical  mileis  idong  the  great 
Ihiieific  OeeaU,  flanked  and  protected  by  the  vast  belt  ot  the 
Andes,  which  sends  forth  coprous  rivers  to  irrigate  this  envied 
aoil.  The  breadth  is  about  210  miles,  ^e  northern  boundary 
»  i^  desert  of  Atacama ;  the  Andes  en  the  east  divide  ChiH 
llt>m  O^o,  in  the  vieeroyalty  of  La  Plata ;  on  the  5iouth  it  is 
bounded  by  barren  mountains ;  and  the  Pacific  Ocean  washes 
ita  western  shorej.  lie  grand  belt  of  the  Andea  is  bare  120 
miles  broad,  with  transverse  ridges  fall  of  ruptures  and  preri- 

Sices ;  and  eight  or  nine  paths  opeh  to  the  Andes  on  the  east, 
ke  those  over  the  Alps  in  Switzeriand,  on  sbelves  in  the  per- 
pendicular  rocks,  hanging  over  profound  precipices,  so  dan- 
gerous and  difflcuit,  that  the  steadiest  mof e  ceases  to  be  useful 
ni  those  situations.  The  four  seasons,  in  an  inverted  order, 
are  as  regntar  in  Chili  as  in  Europe.  The  fertility  of  the  soil 
may  be  Inferred  from  the  fact,  that  a  great  paHL  of  it  was  in 
constant  labour  long  before  the  Spaniards  visited  Chili,  and  to 
this  day  fhanore  is  onnecessacry,  for  it  yields,  in  ji^neral,  from 
aik^  to  aeVenty-fold !  and,  what  fs  singular,  in  a  country 
irherdn  thfe  soil,  after  a  lapse  of  age.s,  and  the  avarice  of  man« 
has  so  little  degenerated.  Chili  is  the  seat  of  the  richest  metaK 
fie  ores;  lead  is  found,  of  excellent  quality  ;  iron  abounds,  but 
it  is  neglected  ;  the  copper  is  perhaps  superior  to  the  British. 
The  provinces  of  Santiago,  Aconcagua,  Coqnimbo,  ^nd  Oopi- 
apo,  are  celebrated  for  their  silver  mines  ;  nor  is  tli^re  a  moun- 
tain or  hill  which  yields  not  gold,  the  purest  in  the  world. 
With  such  a  fertile  soil,  and  enioying  so  delightful  a  climate, 
the  botany  of  Chili  partakes  of  the  plants  of  both  hemispheres. 
Nettles,  as  in  Europe,  also  our  potherbs  and  fruits ;  and  the 
sugar  cane  and  sweet  potato,  and  other  tropical  plants, 
flourish  in  the  northern  psrrts  of  this  fine  country.  Our  fine 
White  atrawberry,  tipped  with  purple,  and  three  inches  in  cir- 
ftamference,  is  derived  from  Chili,  where  it  is  cultivated  as  a 
eropt  wild  tobacco,  sudorific  and  febrifuge  plants;  incense, 
e<|ual  to  that  of  Arabia;  balsam,  excellent,  both  as  an  odour 
and  a  curative  medicine.  In  the  zoology,  reptiles  are  rare ;  the 
seas  abound  in  fish,  the  shores  in  lobsters  and  crabs,  with  oys- 
ters, seals,  sea-cows,  and  innumerable  aquatic  fowls;  and 
dia  Mils  in  beea.  The  flamingo  decorates  the  rivers,  the  hnrn- 
idm  bird  the  groves  of  flowers.    The  ostrich  in  'Chili  is  equal 


ta  that  of  Africa ;  vukuraa  nsd  eagles,  and  eondoia,  banot  tka 
frigbtftil  precipices  of  the  Andes.  Aad  amongat  the  quadra* 
puds  we  iod  dogft,  hippopoCaaiiy  ktxw^  ttona  of  Ajaariea ;  n 
singular  wiM  borse,  vntk  dovea  feet  (  and  moat  of  tlM  Bmre^ 
pean  animals  have  improved  in  Chili.  Tke  moat  aiagular  |»ha» 
nomenon,  connected  with  the  natural  history  of  Cliili»  aa  the 
fiKt,  that  the  ocean  ia  retiring  very  rapidly  on  this  ooaat*  laMw 
ing  curious  grottos,  hang  with  shells  {  and,  in  two  instaaeaai 
detached  masses  of  white  marble,  scalped  out  like  ohnrehos* 
The  aboriginal  Chilese  are  the  Araocans  and  tke  Puelnhea* 
The  former  are  the  genuisie  representatives  nf  the  ancitrat 
Chilese;  the  latter,  mote  rude  and  aavage  than  the  olJkav 
natives,  inhabit  the  mountains,  and  often  cliattge  their  abode, 
like  the  pastoral  tribes  of  Asia.  The  Arancaaa  have  little 
beard ;  they  are  intrepid  in  war,  hardy  to  endara  fatigue,  ihith* 
fal  to  promisee  ;  but  addteted  to  some  of  the  aavage  vioaa.  The 
Puelches  are  Md  ia  war,  faithful  as  allies,  and  may  atiU  ba 
eonsidered  the  unconquered  Chilese.  Snah  ia  the  natnral  n^ 
graphy:  the  poiitioal  is  very  brief.-  SfMrnirii  ChUi  is  dtvHM 
into  thirteen  provinces,  Copiapo,  Cequimbai,  Quillotn,  Aean* 
caf^a,  Melipilla,  Santiago),  Rancagua,  Cofebagun,  Ifatdi,  Itntn, 
Chilian,  Puciancy,  and  Huilquiiema.  Thev  also  posaeaa  fyoet 
VaUtvia,  in  the  country  of  the  Cuchi,  Use  Arahipais^a  of  CMtt; 
and  the  island  of  Joan  Femandes.  The  entire  govermnenl  ia 
managed  by  a  cap  tain-general ;  each  of  the  provinces  ia  rtiled 
by  a  prefoct,  or  corregidor.  There  are  two  vast  bishoffisa, 
Santiago  and  Conception,  both  suffragans  oC  the  Archbiahay  af 
Lima.  The  inc|uisition  prevails  at  Santiago.  Tbe  popnlatann' 
is  singularly  mixed ;  wealth  is  wasted  on  dresa,  and  equipagna 
and  titles  of  Castile ;  a  countship  being  sold  at  so  mooh,  n 
marquisate  at  so  much  more,  and  the  want  af  money  nlona 
prevents  the  whole  people  from  bdng  a  nation  of  ^kea.  Ohflf 
IS  the  original  seat  of  vaccination ;  aad  among  ita  madieilMl 
hei^s  the  vira-vira  expels  the  ague  ;  the  payco  asaiats  iaiigaa 
tions:  the  culen  suppli^  an  excellent  tea^  known  as  n  vemiAign; 
and  the  palqai  is  esteemed  a  superior  febriAige  to  FenmmM 
bark. 

Braoil,  and  tbe  Portuguese  Poasessions.-^Tbe  Foitwgmjaa 
possessions  extend  from  the  fV'onticr  of  Dutch  Guiana,  in  laai» 
tude  S^*  north,  to  Port  St.  Pedro,  in  latitude  909  south.  Thaw 
3^  of  latitude  give  us  2100  geographical  miles  for  ana  dimuii 
aion,  and  the  ether  extent  is  even  more,  reckoning  Iroan  Capa 
St.  Roque  to  the  settlement  of  St.  Paul  de  Omaguaa,  ten  tba 
river  Amaaons.  The  chief  city  of  Bratil  is  San-Salvador,  but 
Rio-Janeiro  is  more  celebrated  for  its  commerce;  nnd 
chief  settlements  are  Para-Cano,  on  the  estuary  of  the 
non  ;  Pemambuco,  Sergippe,  Paraiba,  Yilla-Graode,  loo. 
the  whole  territory  of  Bracil  is  now  divided  into  el^  inda^ 
pendent  governments,  besides  that  of  Rio^aneiio;  and  tbe 
whole  is  now  under  the  immediate  ejfc  of  the  Empamr,  a€ 
the  femify  of  the  king  of  Portugal.  The  population  ia  eac^ 
mated  at  260,000  whites ;  600,000  negroes;  and  l,O0a,00O  eT 
natives.  The  climate  in  the  south  is  dolioioua,  and  the  feaM 
fertile ;  but  the  north  is  exposed  to  rains,  thunder,  and  aloitna. 
The  valleys  are  rich,  the  forests  extenaiviat  and  the  Hvera  and 
mountains  are  both  numerous  and  grand.  Tbe  prodnc^ana 
are,  Brasdi-wood,  ebeny,  and  dye-woods;  eecnhiBt  f^ntf, 
common  to  the  tropical  dimes ;  raiains,  ootton,  oafllfe,  riun, 
pepper,  and  fruits.  The  Buropean  settlers  are  gay,  a»d  iami 
of  pleasore ;  their  domestics  and  labourers  are  slaves ;  and  the 
indigenes  are  irreclaimable  savages,  muscular  and  aclhw. 
Rio-laneiro  has  a  capacious  and  exoelteat  harbour,  vioteded 
by  the  castle  of  Santa-Craz;  j^t  both  here,  aad  in  the  nther 
towns,  the  ceremonies  of  religion  have  -degenerated  into  a  v^ 
gar  worship  of  images.  The  mines  of  diamonds,  in  tfie  pr^ 
vioce  of  Serro-de-Frio,  and  about  latitnde  17^,  (and  ttraa  eof!<> 
responding  with  tbe  celebrated  diamond  mines  of  Visapowr,  Aa 
flindostan.)  are  very  much  famed,  though  the  brilliafita  Hkej 
produce  are  much  inferior  to  ttiose  of  the  Bast,  being  aC  m 
brownisb  obscure  hue,  and  not  of  so  fine  a  water.  But  diamnnda 
are  baubles  in  comparison  of  tiie  vaKiable  herds  of  wiM^aCtlie 
which  range  the  forests  of  Braail,  and  the  medicinal  plants  aC 
high  estimation,  that  grow  spontaneously,  «nd  in  ahundanon. ' 

The  French  Settlements  tn  Otriana. — These  aetttaaieafia 
extend  about  360  mifes  in  length,  by  940  in  breadth ;  «nd  tha 
chief  town  is  Cayano,  whence  the  whale  tarrflary  4a  caMeJ 
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not  exactly  conform  to  this  description.  The  amphibia,  from 
the  structure  of  their  organs,  and  the  power  they  possess  of 
suspending  respiration  at  pleasure,  support  uninjured  a 
change  of  element,  and  endure  a  very  long  abstinence.  The 
lungs  differ  in  appearance  from  those  of  other  animals.  Num- 
bers of  amphibia  possess  a  high  degree  of  productive  power, 
and  will  be  furnished  with  new  feet,  tails,  &c.  when,  by  any 
accident,  those  parts  have  been  destroyed.  Their  bodies  are 
sometimes  defended  by  a  hard,  horny  shield  or  covering;  some- 
times by  a  coriaceous  or  leathery  integument ;  sometimes  by 
scales ;  sometimes  they  have  no  particular  coating.  The  am- 
phibia, in  general,  are  tenacious  of  life,  and  continue  to  move 
and  exert  many  of  the  animal  functions,  when  deprived  of  the 
head  itself.  By  far  the  greater  part  are  oviparous^  some  exclud- 
ing eg%8,  covered  with  a  hard  or  calcareous  shell,  like  those  of 
birds ;.  others,  such  as  are  covered  only  with  a  tough  skin, 
resembling  parchment ;  and  in  many,  they  are  perfectly  gela- 
tinous, without  any  kind  of  external  covering,  as  in  the  spawn 
of  a  frog.  The  amphibia  are  divided  into  Reptilm,  containing 
the  amphibia  pedata,  or  footed  amphibia ;  and  the  scrpentes, 
or  footless  amphibia.  In  the  Rbptilia,  there  are  four  genera: 
1.  TettudOy  tortoise,  turtle.  2.  Rana,  frog,  toad.  3.  Draco, 
dragon,  or  flying  lizard.  4.  Lacerta,  lizards,  crocodile,  chamas- 
leon,  newt,  salamander,  iguana.  Reptiles  are  characterized  by 
breathing  through  their  mouths  ;  and  by  having  feet,  and  flat 
naked  ears;  of  this  order  are  frogs,  lizards,  and  tortoises. 
Serpents  are  distinguished  as  being  without  feet,  but  frequently 
armed  with  a  deadly  poison,  contained  in  fangs  resembling 
teeth.  In  cold  and  temperate  climates  they  conceal  themselves 
in  winter  in  cavities  beneath  the  surface  of  the  ground,  where 
they  become  torpid.  Some  serpents  are  viviparous,  as  the  rat- 
tlesnake, the  viper,  &c. ;  but  those  which  are  innoxious  are 
oviparous,  depositing  their  eggs  in  a  kind  of  chain  in  a  warm 
situation,  where  they  are  afterwards  hatched.  The  broad 
laminae  on  the  bellies  of  serpents  are  termed  scuta,  and  the 
smaller,  or  divided  ones,  beneath  the  tail,  are  called  scales,  and 
from  these  the  genera  are  characterized. 

AMPHICROSTYLES,  ft  temple  with  four  columns  in  front, 
and  four  in  rear. 

AMPHICTYONS,  an  assembly  composed  of  deputies  from 
the  different  states  of  Greece. 

AMPHISCII,  those  who  inhabit  the  torrid  sone. 

AMPHITHEATRE,  an  elliptical  building,  in  which  specta- 
tors assembled  to  witness  spectacles  of  wild  beasts,  gladiators, 
&c.  The  nobility  of  Rome  who  courted  popular  favour,  vied 
with  one  another  in  entertaining  the  people  with  these  horrid 
amusements.  Lucius  Metellus,  Pompey,  Caesar,  Augustus, 
and  Vespasian,  with  his  son  Titus,  all  erected  amphitheatres. 
Herod  of  Judea  erected  amphitheatres  both  at  Jerusalem  and 
Caesarea.  During  the  rei^n  of  Tiberius,  the  amphitheatre  of 
Fidenas  fell,  and  buried  in  its  ruins  about  60,000  persons. 

AMPLIFICATION,  the  enlarging  of  a  narration ;  and  the 
soul  of  discourse  with  the  ancients. 

AMPLITUDE,  an  arc  of  the  heavens  intercepted  between 
the  east  and  west  point,  and  the  centre  of  the  sun  or  of  a 
planet,  when  rising  or  setting ;  and  so  is  either  north  or  south, 
ortive  or  occasive. 

AMPUTATION,  tha  cutting  off  a  limb,  &c.    See  Surgery. 

AMULET,  a  charm,  talisman,  or  preventive  against  mi.s- 
chief,  witchcraft,  and  diseases ;  and  usually  made  of  such  stuff 
as  the  imagination  of  impostors,  and  the  credulity  of  simple- 
tons, can  devise :  as,  a  stone,  or  a  piece  of  metal ;  an  animal ;  the 
letters  of  the  alphabet,  &c. 

Amulet,  To  make  an.  Put  a  quarter  of  a  pound  of  butter 
into  a  frying  pan  ;  break  six  eggs,  beat  them  a  little,  and  strain 
them  through  a  hair  sieve.  Put  them  in  when  the  butter  is 
hot,  and  strew  a  little  shred  of  parsley  and  boiled  ham  scraped 
fine,  with  nutmeg,  pepper,  and  salt.  Fry  it  brown  on  the  under 
side :  lay  it  on  your  dish,  but  do  not  turn  it.  Hold  a  hot  sala- 
mander half  a  minute  over  it,  to  take  off  the  raw  look  of  the 
eggs :  stick  curled  parsley  in  it,  and  serve  it  up.  Some  put 
in  clary  and  chives,  or  onions.  We  have  eaten  Amulets  made 
both  ways ;  and  a  substantial  dish  they  make,for  a  long  journey. 

Amulbt  ofAsparaffus,  To  make  an.  Take  six  eggs,  beat  them 
op  with  cream ;  boil  some  of  the  largest  and  finest  asparagus. 
When  boiled,  cut  off  the  green  and  small  pieces,  and  mix  them 


with  the  eggs,  and  some  pepper  and  salt :  make  year  |Min  hot, 
put  in  a  slice  of  butter, -then  yoor  eggs,  &c.  and  send  them  up 
hot — on  buttered  toasts,  if  you  please. 

AMYGDALUS,  sweet  or  bitter  almonds.    See  Almonds. 

AMYLACEOUS,  a  term  applied  to  the  6ne  flour  of  farina- 
ceous seeds,  in  which  consists  their  nutritive  part. 

ANACLASTIC  Glasses,  sonorous  glasses,  made  chiefly  in 
Germany.  They  resemble  inverted  funnels,  whose  bottoms  are 
as  thin  as  the  peel  of  an  onion ;  and  upon  applying'  the  mouth 
to  the  orifice,  and  gently  sucking  out  the  air,  the  Attorn  gives 
way  with  a  crash,  and  Uie  convex  becomes  concave.  Breathe 
into  the  orifice,  and  the  vessel  becomes  gibbous  as  before. 

ANACONDO,  a  large  and  terrible  snake,  found  in  Ceylon. 

ANAGALLIS,  pimpernel;  to  the  leaves  of  which  many 
extraordinary  virtues  have  been  attributed. 

ANAGYRIS,  bean  trefoil. 

ANALOGY,  a  certain  relation  or  agreement  between  two 
or  more  things.  In  reasoning,  analogy  serves  to  explain  or 
illustrate.  Every  physical  resemblance  may  be  reduced  to  two 
or  more  equalities ;  and  every  moral  resemblance  to  two  or 
more  identities  ;  and  these  are  discernible  only  by  intellect. 

ANALYSIS,  generally  speaking,  the  resolution  of  something 
into  its  constituent  parts;  in  Mathematics,  the  method  of 
resolving  problems  by  means  of  algebraic  equations,  which 
consider,  in  a  single  line,  what  in  the  ordinary  process  would 
occupy  pages.  Analysis  is  divided  into  finite  and  infinite^ 
determinate  and  indeterminate  and  residual.  Analysis  of 
powers.    Analysis  of  curves,  &c.    Hence, 

ANALYST,  one  skilled  in  Algebra ;  and 

ANALYTICS,  the  science  or  doctrine  of  analysis 

ANAMORPHOSIS,  in  Perspective  and  Painting,  a  mon- 
strous projection,  or  representation  of  some  image,  either  on  a 
plane  or  curve  surface,  deformed  or  distorted ;  but  which,  in  a  cer- 
tain point  of  view,  shall  appear  regular,  and  in  just  proportion. 

ANASARCA,  a  species  of  dropsy. 

ANASTATICA,  the  rose  of  Jericho. 

ANASTROUS  Signs,  in  Astronomy,  a  name  given  to  the 
duodecattmoria,  or  the  twelve  portions  of  the  ecliptic,  which 
the  signs  anciently  possessed,  but  which  have  since  been 
deserted  by  the  precession  of  the  equinoxes. 

ANATOMY,  the  dissection  and  study  of  the  human  body, 
which  is  a  compound  of  solids  and  fluids.  The  solids  are  the 
bones,  muscles,  &c. ;  the  fluids  are  the  blood,  secretions,  &c. 
The  bones  are  hard,  white,  insensible  substances,  full  of  sponjry 
cells  and  neticular  fibres.  The  bones  of  every  skeleton  are 
perfectly  adapted  to  the  extremity  of  those  with  which  they 
arc  connected ;  and  this  connexion  forms  what  is  called 
Articulation.  The  cartilages  are  white,  smooth,  solid,  but 
elastic  substances,  whose  number  in  the  adult  subject  is  less 
than  in  children.  The  periosteum,  a  fine  membrane  of  a  cel- 
lular texture,  covers  the  bones  at  their  joints,  and  is  supplied 
with  nerves,  lymphatic  vessels,  &c.  The  marrow,  a  fat  oily  sub- 
stance filling  the  cavities  of  the  bones,  is  supplied  with  nume- 
rous blood-vessels  from  the  periosteum.  The  marrow  seems  to 
be  to  the  bones  what  fat  is  to  the  muscles.  The  synovial  griands 
lubricate  the  joints.  The  ligaments  tie  the  bones  together. 
The  bursa  mucosa  are  sacs  capable  of  confining  air  or  any  other 
fluid  ;  they  are  placed  between  the  tendons  and  the  bones,  or 
beyond  these,  and  sometimes  at  the  extremities,  and  they  are 
lubricated  by  a  liquid  resembling  that  which  lubricates  the 
joints.  The  skeleton^  divided  into  the  head,  trunk,  and  limbs, 
is  merely  an  assemblage  of  the  bones  of  an  animal,  united  in 
their  natural  order.  The  common  integuments,  with  their 
appendages,  are  the  cuticle  or  scarf-skin,  which  invests  the 
body  every  where,  and  covers  the  true  skin.  The  rete  muco- 
sum,  is  a  mucous  substance  between  the  epidermis  and  cuticle, 
which  gives  colour  to  the  body;  for  in  negroes  it  is  perfecti) 
black,  while  the  true  skin  is  of  the  ordinary  colour.  The  euli f ,  oi 
true  skin,  is  that  from  which  leather  may  be  made,  and  has 
throughout  its  whole  surface  inntimerablc  papillie,  calculated 
to  receive  the  impressions  of  touch.  Thus  the  rete  mucosum 
keeps  the  cuticle  and  cutis  soft,  and  the  cuticle  protects  both. 
Insensible  perspiration,  or  that  subtile  vapour  exhaled  from  the 
body  by  the  glands  of  the  skin,  becomes,  by  union  and  conden- 
sation from  the  atmosphere,  drops  of  sweat,  which  are  analo- 
gous to  urine  in  taste  and  natmre.    Accordingly,  as  either  of 
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comference  of  the  shank  at  (ho  throat    Tliis  dimeiuioa  ■honld 

be  greater  when  the  iron  is  of  a  bad  qaalitj,  esp«ciaUj  if  cast 

iron  is  naed  instead  of  forged  iroa. 

At  Anchok,  the  sitaatioa  of  a  skip  vbeo  abe  rides  apon 

~.Aa  ImproTcd  Aw^hnT  Laoach    or  Boati  fill 


large  ships  hts  receallj  beea  iDveDlcd.  Id  the  middle'  of  the 
boat  a  bottomless  well-hole  is  constracted  in  the  form  of  a 
cross,  of  suitable  dimensions  to  admit  the  flakes  of  the  anchor 
(when  in  an  opright  position)  down  one  of  theannsofthe 
cross,  and  the  stock  of  the  anchor  down  the  other.  In  order 
to  send  out  and  drop  an  anchor,  it  is  lowered  down  into  the 
wall-crop  of  (he  boat  from  the  bow  of  the  ship,  and.  thus  sus- 
pended to  the  boat,  it  is  secored  by  lashing,  so  that  it  may  be 
cat  awa^  and  dropped  at  the  instant  it  is  required.  Prerioas 
(o  lowering  the  anchor  from  the  ship  into  the  boat,  the  cable  is 
slackened  ont,  and  drawn  up  tliroagh  the  well-hole ;  the  anchor 
being  then  placed  as  before  mentioned,  the  cable  is  fastened 
to  the  ring  of  it,  in  such  manner  as  to  be  clear  of  the  boat 
when  the  anchor  falls.  Sereral  of  these  anchor  launches  are 
at  present  in  use  in  the  navy. 

Anchor  Groua^,  a  bottom  of  sea  neither  too  deep,  too  shal- 
low, nor  roekj.  In  Architecture,  anchors  are  ornaments 
among  the  borillons  of  the  Tuscan,  Doric,  and  Ionic  capitals. 
In  Heraldry,  emblems  of  hope,  either  spiritnal  or  temporal. 

ANCHUSA,  yellow  ancbuaa,  or  Mae-Qowered  bogloss  :  the 
juice  of  its  corolla,  or  dower,  gites  out  to  acids  a  beautifal 
green.  An  inftuion  of  these  ftowers  refresh  the  patient  in  hot, 
bilions.  and  inflamnatory  distempers. 

ANCONES,  (he  cornets  or  quoins  of  walls,  cross-beams, 
rafters,  &c. 

ANCYLOBLEPHARON,  a  disease  of  the  eye,  which  closes 
the  eyelids.  If  the  cohesion  is  on  the  cornea,  (he  aifiht  is 
■nevitnhlj  lost.  If  the  eyelids  adhere  to  Uie  eye,  they  are  to 
be  separated  by  a  fine  knife,  and  (beir  re-nnion  prevented  by 
injeciions,  and  lint  placed  between  them,  after  dipping  it  in 
some  proper  liniment. 

ANCYLOGLOSSUM,  a  contraction  of  the  ligaments  of  the 
tongue ;  some  have  this  imperfection  fVom  their  birth  ;  others 
from  sorue  disease.  In  (be  former  case,  the  frarnulum  may 
stretch  by  the  cliild's  sucking,  or  it  may  be  snipped  by  a  pair 
of  scissars,  but  not  lorn  by  the  finger :  the  ulcers  must  be 
cured  bv  surgical  assistance. 

ANCYLOSIS,  a  distortion  or  sliffness  of  the  joints,  caused 
by  a  settlement  of  the  humours,  or  a  distention  of  the  nerves  ; 
aod  therefore  remedies  of  a  mollifying  and  relaxing  nature  are 

ANDANTE,  in  Music,  a  movement  moderately  slow,  be- 
tween largo  and  allegro. 

ANDRACHNE,  bastard  orpine. 

ANDROGYNOUS,  in  Zoology,  an  appellation  given  to 
aaimali  which  hate  both  the  male  nnd  female  sex  io  the  same 
iadifidnal.  In  Botany,  the  term  is  applied  to  snch  plants  as 
baaf  both  male  and  female  flowers  on  the  seme  root. 

ANDROIDES,  in  Mechanics,  a  Dsare  constmcled  so  as  to 
imitate  the  actions  of  man,  as  the  automaton  cbess-player.  See 

CUBSS. 

ANDROMED.^.in  Astrononif,aconstellationio  the  northern 
hemUpfaere,  of  which  the  chief  is  Almaac,  a  star  of  (he  secoud 
magnitade.    The  stars  in  this  consteltadon  are,  in  Ptolemy's 
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oatalogne,  33,  in  Tycho's  33,  in  Helralios's  47.  uad  in  Ifr. 

Flamsteed'a  not  less  than  6(t.  Some  of  the  itars  or  Andromedft 
have  been  reckoBad  among  the  changeable  stars,  whoa« 
brightness  rariea. 

ANDROMEDA,  In  Botany,  March  cystns. 

ANDROPOOON,  in  Botany,  man's  beard. 

ANDRYAI^  downy  sowlliistle. 

ANEMONE,  wild  flower,  which  is  gently  astriogenL 

ANEMOMETER,  in  Mechanics,  fig.  68.  implies  a  macbioe 
for  measuring  the  force  and  velocity  of  wind.  Various  ma- 
chines of  this  kind  have  been  invented  at  different  times,  and 
by  different  persons.  The  following  has  been  often  experi- 
enced, and  found  (o  answer  the  intentions.  An  open  frame  of 
wood,  ABCDEFGHI,  is  sup- 

forted  by  the  shaft  or  arbor  I. 
n  the  two  cross  pieces  HK, 
L  M,  is  moved  an  horizontal  aaia 
Q  M,  by  means  of  (he  four  sails, 
ab,c  m,  of.ffh,  exposed  to  the 
wind  in  a  proper  manner.  Upon 
tliis  axis  is  fixed  a  cone  of  wood, 
M  N  O ;  npon  which,  as  the  sails 
move  round,  a  weight,  R  or  S,  is 
raised  by  a  string  round  its  sq- 
perGcies,  proceeding  from  the 
smaller  to  the  larger  end  N  O. 
Upon  this  larger  end,  or  base  of 
the  cone,  is  fixed  a  rachel-wheel 
K,  in  whose  teeth  the  click  X 
falls,  to  prevent  any  Tctrogradc 
from  the  depending  weight.  The 
■trncture  of  this  machine  tulfi- 
ciently  shews,  that  it  may  be 
accommodated  to  estimate  the 
variable  force  of  the  wind ;  be- 
oaose  the  force  of  the  weight  will 
continually  increase  as  the  string 
advances  on  the  conical  surface, 

by  acting  at  a  greater  distance  from  the  axis  of  motion;  eon- 
seqaently,  if  such  a  weight  be  added  oa  the  smaller  post  M.  as 
will  jost  keep  the  machine  in  equiiibrio  in  the  weakest  wind, 
the  weight  to  be  raised,  as  the  wind  becomes  stronger,  will  be 
increased  in  proportion,  and  Ibr  diameter  of  the  cone  NO 
may  be  so  large  in  comparison  to  that  of  the  smaller  end  at  M, 
that  the  strongest  shall  but  just  raise  the  weight  at  the  greater 
end.  If,  for  example,  the  diameter  of  the  axis  be  to  (hat  of 
the  base  of  tiie  cone  N  O.  as  I  to  28  :  then  if  S  he  a  weight  of 
t  pound  at  M  on  the  axis,  it  will  be  equivilent  to  2a  poonds 
when  raised  to  the  greater  end  ;  if.  Ihetefore,  when  the  wind 
is  weakest,  it  supports  one  ponnd  on  the  axis,  it  must  be  28 
times  as  stronf>,  to  raise  the  weii;ht  to  (lie  base  of  the  cone. 
If,  therefore,  a  line  or  scale  of  28  equal  parts,  be  drawn  on 
the  side  of  the  cone,  tlie  strength  of  the  wind  will  be  indicated 
by  that  number  on  which  the  siring  rests. 

It  is  well  known  to  philosophers,  that  rain,  on  thepreience  or 
absence  of  which  at  the  different  seasons  of  the  year,  vegeta- 
tion, and  the  success  of  agriculture,  in  icreat  measure  depend, 
and  also  the  temperature  of  the  atmosphere,  to  whose  inRuenc« 
both  animals  and  vegetables  are  subjeet,  arises  from,  or  at 
least  is  strictly  connected  with,  ihe  various  directions  and 
velocities  of  winds.  Nor  has  it  escaped  observation,  that 
the  primary  cause  of  the  direction  of  the  wind  from  a  given 
quarter,  as  welt  as  of  the  velocity  of  its  progress,  is  the  rarefac- 
tion of  the  atmosphere  in  that  traet  towards  which  il  blows. 
The  reason  why  air  does  not  rush  in  from  all  sides  towards  the 
rarefied  tract,  seems  to  me  (o  he  the  incqoality  of  its  density 
in  the  surrounding  tracts ;  for  from  that  quarter,  in  which  thie 
mercury  in  the  barometer  stands  highest,  the  air  mast  pre- 
fernbly  proceed.  If  the  density  be  equal  on  all  sides,  as  ia 
some  conRncd  tracts,  a  hurricane  happens  :  hence  the  adva^ 
tage  of  ascertaining  and  conipariag  the  degrees  of  its  velocity ; 
for,  those  being  known,  its  cause,  and  degrees  of  rarefeetion. 
may  with  great  probability  be  inferred.  Two  causes  of  rare- 
faction arc  already  known, — solar  heat,  and  some  internal  che- 

ical  action,  by  which  a  quantity  of  air  is  oonvrrted  int*  water, 
and  fomeiimes  even  into  a  stony  substance ;  this  hsl  beinf 
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diaaeter.    They  are  comieoted  tofcetker  like  a  eiplioB  by  a 
inall  beot  glass  tabe  mb,  the  bore  of  vhieh  is  about  one-teoth 
of  an  inch  io  diameter.    On  the  upper  ead  of  the  leg  A  B  there 
is  a  tnbe  of  lattea  brass,  which  is  kneed,  or  beot  perpendieo- 
larly  oatvards,  and  has  its  mouth  open  towards  F.    On  the 
other  leg  C  D,  is  a  cover  with  a  round  hole  6  in  the  upper  part 
of  it,  two-tenths  of  an  inch  in  diameter.    This  cover  and  the 
kneed  tube  are  connected  together  by  a  slip  of  brass  ed,  which 
not  only  gives  strength  to  the  whole  instrument,  but  also  serves 
to  hold  the  scale  HI.    The  kneed  tube  and  cover  are  ixed  on 
wiUi  hard  cement  or  sealing  wax.    To  the  same  tube  is  sol- 
dered a  piece  of  brass,  e,  with  a  round  bole  in  it  to  receive  the 
steel  spindle  K  L ;  and  at/ there  is  just  such  another  piece  of 
brass  soldered  to  the  brass  hoop  gk.  which  surrounds  both 
legs  of  the  instrument.    There  is  a  small  shoulder  on  the  spin- 
dle at  f;  upon  which  the  instrument  rests,  and  a  small  nut 
at  t,  to  prevent  it  from  being  blown  off  the  8|Hndle  by  the  wind. 
The  whole  instrument  is  easily  turned  round  upon  the  spindle 
by  the  wind,  tm  as  always  to  present  the  mouth  of  the  kneed 
tube  towards  it.    The  end  of  Uie  spindle  has  a  screw-  on  it ;  by 
which  it  may  be  screwed  into  the  top  of  a  post,  or  a  stand 
made  on  purpose.    It  has  also  a  bole  at  L,  to  admit  a  small 
lever  for  screwing  it  into  wood  with  more  readiness  and  facility. 
A  thin  plate  of  brass,  k,  is  soldered  to  the  kneed  tube,  about 
half  an  inch  above  the  ground-hole  G,  so  as  to  prevent  rain 
from  falling  into  it    There  is  likewise  a  crooked  tube  A  B, 
(fig.  8,)  to  be  put  occasionally  upon  the  mouth  of  the  kneed 
tube  F,  in  order  to  prevent  rain  from  being  blown  into  the 
mouth  of  the  wind-gage  when  it  is  left  out  all  night,  or  exposed 
in  the  time  of  rain.    The  force  or  momentum  of  the  wind  may 
be  ascertained  by  the  assistance  of  this  instrument,  by  filling 
the  tubes  half  full  of  water,  and  pushing  the  scale  a  little  up  or 
down,  till  the  aero  of  the  scale,  when  the  instrument  is  held  up 
perpendicularly,  be  on  a  line  with  the  surface  of  the  water  in 
both  legs  of   tbe  wind-gage.      The    instrument  being  thus 
adjusted,  bold  it  up  perpendicularly,  and,  turning  the  mouth  of 
the  kneed  tube  towards  the  wind,  observe  how  much  the  water 
is  depressed  by  it  in  the  one  leg,  and  raised  in  the  other.    The 
sum  of  the  two  is  the  height  of  a  column  of  water  Which  the 
wind  is  capable  of  sustaining  at  that  time ,  and  every  body 
that  is  opposed  to  that  wind  will  be  pressed  upon  by  a  force 
equal  to  the  weight  of  a  column  of  water,  having  its  base  equal 
to  the  altitude  of  a  column  of  water  sustained  by  the  wind  in 
the  wind-gage.    Hence,  the  force  of  the  viind  upon  any  body 
where  the  surface  opposed  to  it  is  known,  may  be  easily  found ; 
and  a  ready  comparison  may  be  made  betwixt  the  strength  of 
one  gale  of  wind  and  that  of  another.    The  force  of  the  wind 
may  be  likewise  measured  with  this  instrument,  by  filMng  it 
until  the  water  runs  out  at  the  hole  O.    For  if  it  be  then  held 
up  to  the  wind  as  before,  a  quantity  of  water  will  be  blown 
out ;  and  if  both  legs  of  the  instrument  are  of  the  same  bore, 
the  height  of  the  column  sustained  will  be  equal  to  double  the 
column  of  water  in  either  leg,  or  the  sum  of  what  is  wanting  in 
both  legs.    The  use  of  the  small  tube  of  communication  a  &, 
(fig.  8.)  is  to  cheek  the  undulation  of  the  water,  so  that  the 
height  of  it  may  be  read  off  from  the  scale  with  ease  and  cer- 
tainty.   But  it  is  particularly  designed  to  prevent  the  water 
from  being  thrown  up  to  a  much  greater  or  less  altitude,  than 
tiie  true  height  of  the  column  which  the  wind  is  able  at  that 
time  to  sustain,  from  receiving  a  sudden  impulse  whilst  it  is 
'vibrating  either  in  its  ascent  or  descent.    As,  in  some  cases, 
the  water  in  this  instrument  might  be  liable  to  freeze,  and  thus 
break  the  tubes,  a  saturated  solution  of  sea-salt  may  be  used 
instead  of  it  in  winter.     Dr.  Lind  g^ves  the  following  table,  by 
means  of  which,  from  the  observed  height  of  the  column  of 
water  in  the  gage,  the  force  of  the  wind  on  a  square  foot  may 
be  determined. 

For  heights  not  given  in  the  following  table,  proportional 
parts  are  taken  and  added:  for  example,  if  the  height  be 
6*5,~then  to  26*040,  the  force  for  6  inches,  add  2*004  the  force 
for  0*6,  the  decimal  part,  and  the  sum  of  the  two,  namely,  28*645 
pounds,  is  the  answer.  When  a  saturated  solution  of  salt  is 
used,  allowance  must  be  made  for  the  differeuce  in  the  weight 
of  the  fluid.  The  specific  gravity  of  the  solution  being  to  that 
of  water  as  1*244  to  1,  the  observed  height  of  the  column  must 
be  multiplied  by  1*244. 
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12  Inche§     . . . 

...     02*600 

11 

. . .    ©r-soa 

10 
9 

...     02-0831 

...     46**755 

•  Most  violent  burnoaof 

8 

...     41*667    

.  Very  great  hurricane. 

7 

•  .  •       oU'Otq      .  .  .  »  . 

.  Great  hurricane. 

6 

...     81*750     

•  Hurricane. 

6 

...     2eH)41     

.  Very  great  storm. 

4 

...     20-838     

.   Great  storm. 

3 

...     16-625     

.  Storm. 

2 

...     10*416     

.  Yerv  high  wind. 
.  Hignwind. 
.  Brisk  rale. 
.  Fresh  breece. 

1 

.  • .       6*208     

0^6 

. . .       «-604     

0*1 

....       0-621     

0H)5 

, . . .       0-260     .... 

.  Pleasant  wind. 

0-025 

....       0-030     

.  A  gentle  wind. 

Jf.  Bmiguer^s  Windgmge.—Tke  instrument  contrived  bv  M. 
Bouguer  consists  of  a  fcoHow  tube  A  A,  B  B,  (fig.  0,)  in  whidi  a 
spirid  spring  C  D  is  fixed,  that  may  be  more  or  less  compressed 
by  a  rod  F  S  D  passing  through  a  hole  within  the  tube  at  A  A ; 
then  having  observed  to  what  degree  different  forces  or  ^ven 
weights  are  capable  of  compressing  the  spiral,  mark  divisions 
on  Sie  rod  in  such  a  manner,  that  the  mark  at  8  may  indicate 
the  weight  requisite  to  force  the  spring  into  the  situation  C  D ; 
afterwards  join  at  right  angles  to  this  rod  at  F,a  plane  earfaee 
EFE  of  a  given  area,  either  greater  or  less,  at  pleasure  ;  then 
let  this  instrument  be  opposed  to  the  wind,  bo  that  it  may 
strike  the  surface  in  the  directions  V  £,  V  £,  parallel  to  that  of 
the  rod,  and  the  mark  at  8  will  shew  the  weight  to  which  the 
force  of  the  wind  is  equivalent 

Dr.  Brewiter^t  Anemometer, ^Dt,  Brewster  has  suggested 
various  contrivances  for  measuring  the  force  of  the  vrind* 
Among  these  we  think  the  following,  which  indicates  the  force 
by  its  effect  in  compressing  a  column  of  air  in  a  glass  tube,  is 
the  most  commodious  and  accurate.  The  metal  cap  A  B,  (fig. 
10,)  bent  at  a  right  angle,  is  fixed  upon  the  top  of  tbe  glass 
tube  B  C,  which  communicates  at  C  with  another  glass  tube, 
D  E,  of  a  much  smaller  bore,  with  a  bulb,  £,  at  its  end.  Some 
.mercury  or  other  liquid  is  poured  into  the  tube  B  C,  and  of 
course  rises  to  the  same  level,  m,  n,  in  both  tubes.  When  the 
month  A  is  exposed  to  the  wind,  the  liquid  at  m  descends  in 
the  tube,  and  by  rising  in  the  stem  DE,  compresses  tbe 
enclosed  air  till  there  is  an  equilibrium  between  the  elasticity 
of  the  air  and  the  force  of  the  wind.  To  prevent  the  fluid  from 
oscillating,  a  thin  disk  of  wood  floats  on  its  surface  at «.  The 
scale  of  this  instrcunent,  to  ensure  accuracy,  should  be  formed 
by  actual  experiment. 

Professor  Leslie's  Anemomttor. — It  would  be  improper  to 
close  this  article  without  noticing  the  ingenious  suggestion  of 
this  philosopher,  for  measuring  the  force  of  the  wind  by  its 
cooling  power.    Having  found,  in  the  course  of  his  experi- 
ments on  heat,  that  the  cooling  power  of  a  current  of  air  is 
exactly  proportional  to  its  velocity,  he  derived  from  this  prin- 
ciple the  construction  of  a  new  anemometer,  which  vrill  be 
understood  without  any  figure,  being,  to  use  his  own  words, 
**  in  reality  nothing  more  than  a  thermometer,  only  with  its 
bulb  larger  than  usual.    Holding  it  in  the  open  still  air,  tbe 
temperature  is  marked :  it  is  then  warmed  by  the  application 
of  the  hand,  and  the  time  is  noted  which  it  takes  to  sink  back 
to  the  middle  point.    This  I  shall  term  the  fundamental  mea^ 
sure  of  cooling.    The  same  observation  is  made  on  exporing 
the  bulb  to  the  impression  of  the  vrind,  and  I  shall  call  the  time 
required  for  the  bisection  of  the  interval  of  temperatures,  the 
occasional  measure  of  cooling.    After  these  preliminaries,  we 
have  the  following  easy  rule :  Divide  the  fundamental  by  the 
occasional  measure  of  cooling,  and  the  excess  of  the  quotiefit 
above  unit,  being  multiplied  by  4|,  will  express  the  velocity  of 
tbe  wind  in  miles  per  hour.    The  bulb  of  the  thermometer 
ought  to  be  more  than  half  an  inch  in  diameter,  and  may,  for 
the  sake  of  portability,  be  filled  with  alcohol,  tinged,  as  usual, 
with  archil.    To  simplify  the  observation,  a  sliding  scale  of 
equal  parts  may  be  applied  to  the  tube.    When  tlw  bulb  has 
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tiie  RDgle  B  A  C,  or  B  A  D.— Wbl«. 

When  BD  BD^Ie  is  denoted  b;  three 
letters,  that  st  the  angiitKr  point 
'   Diiut  be  read  in  the  middle.    But 
aometimes,  for  brevity  sake,  if  there  °' 
be  but  one  angle  at  a  point,  that  angle  is  deuoted  b;  the  single 
letter  standioK  at  that  point. 

Anoles  are  of  several  different  kinds  or  denominationa,  aa 
reetihnear,  eurcilauar,  tpkeneal,  mixrd,  lolid,  &c.  RtctQinear 
Angle,  is  that  which  is  formed  by  the  meeting'  of  two  right 
lines.  Curvilinear  Atiaht  is  that  which  is  formed  bj  the  meet- 
ing of  two  curve  lines.  MixlUiiuar  Angle,  is  formed  by  the 
meeting  of  a  right  line  and  curve.  Spherical  Angle,  is  that 
wliich  ia  formed  on  the  surface  of  a  sphere,  by  the  intersection 
of  two  great  circles.  See  Sphere  and  Spherical  TV^Dnomftry. 
Solid  Angle,  is  formed  by  the  motuHl  inclination  of  more  than 
two  planes,  or  plane  angles,  meeting  in  a  common  point.  See 
Solid  Angle. 

Propertiii  and  Deiiominatimu  of  Reetilinear  Anglee. — Right 
Angle  is  that  which  is  formed  by 
one  line  perpendicular  to  another ; 
or  that  which  is    subtended  by  a 

Snadrant  of  a  circCe  ;  as  (be  angle 
;AC.  All  right  angles  are  equal 
(o  one  another.     AnOblime  Xhol^  ^ 

is  Ihatwbicbisgreater  or  less  than  a  A  ^ 

right  angle ;  and  tbeae  are  distinguished  into  two  kinds,  aetde 
and  abtvte.  An  Aeutt  Angle  is  less  than  a  right  angle,  as 
DAC.  AnObtute  Angle  is  greater  than  a  right  angle;  as 
BAG.  jidjawnt  Angles,  are  the  two  auglea  formed  by  one 
line  meeting  another,  any  where,  u 

eicept  at  its  extremities ;  such 
we  the  two  angles  BAD  and 
BAC.  These  angles  are  said  to 
be  supplements  to  each  other, 
their  sam  being  eqnal  to  two  right 
angles.  Vn-liraf,orOf^>Mi(«ANOLEi, 
are  such  as  have  their  legs  mutual 

continuations    of    each    other ;     as     "         ,,■■'''^1^  '    ^'^ 

BAC  and  DAC.    Vertical,  or  op-        ^.--^ 
positeangles,  are  equal  to  each  other.        '^ 

Allernale  Anoles,  are  those  made  on  »  «r       y* 

the  opposite  sides  of  a  line  cutting  two  ■'*f™  / 

other  lines;  as  A FO  and  D  G  F.     And   * yf » 

if  these  two  lines  are  parallel,  the  alter- 
nate angles  are  equal,  fztrrna/ Angles, 
are  tho^e  formed  by  the  sides  of  any 
ri^ht-lined  lignre,  and  the  adjacent  sides 
produced  ;  such  are  the  angles  A,  B,  C, 
kc.  The  sum  of  all  the  external  angles 
of  any  figure  is  equal  to  four  right  angles, 
/ntenuf  Angles,  are  the  angles  within  a 
figure,  funned  by  the  meeting  of  each  two 
adjacent  sides  ;  as  the  angles  a,  b,  c,  &c. 
The  sum  of  all  the  inward  angles  of  any 
right-lined  figure,  is  equal  to  twice  as 
many  riglit  angles,  wanting  four,  as  the 
figure  has  sides.  An  Angle  at  the  Centre  of 
m  Circle,  is  that  whose  angular  point  is  at  the 
centre:  such  as  the  angle  A  0  B.  vIhAnglb 
al  the  Ciretanference,  is  that  whose  angular  . 
point  is  in  an;  part  of  the  circumference ;  as  j 
the  angle  A  DB.  An  angle  of  the  centre  is 
double  an  angle  at  the  drcnrnference,  when 
both  stand  on  the  same  arc.  An  Angle  tn  a 
Semieirele  is  an  angle  at  the  circumference 
contained  in  a  semicircle,  or  standing  upon  a  semicircle  or 
diameter ;  and  it  is  a  right  angle.  An  angle  in  a  segment 
greater  than  a  semicircle,  is  less  than  a  right  angle.  An  angle 
in  n  segment,  less  than  a  semicircle,  is  greater  thin  a  right 
angle.  Angles  of  other  denominations  are  used  by  some 
authors,  as,  the  Aam«d  Angle,  formed  by  the  circnmference 
of  a  circle  and  a  right  line;  Lunular  Angle,  formed  by  two 
curve  lines,  one  concave  and  the  other  convex  ;  and  Cietoid 
AN(iLn,the  inward  angle,  formed  by  the  intersection  of  the  two 
■pb«rical  conTBx  lines. 


Problems. — I.  To  Utect  m  piven  AngU,  j 

BAC.    From   the  centre  A,  with  any  fta.ZSi.. 
radios,  describe   an  arc  cutting  off  the  '^  ^ 

equal  lines  A  D,  A  E ;  and  from  the  two 
centres    D  G,    with    the    same    radius, 
describe  arcs  intersecting  in  F,  then  draw      .         ..  .. 
A  F ;  which  will  bisect  the  angle  m  re-  ^'        ^\j 
quired.  ' 

2.  At  agivenpoint\inlktliKtAB,tomMjMmmAngttaqumlf 
a  ^tira   Angle  C.     From 

the  centres  A  and  C,  with  ^-^Jt^XSL       ^&'lPSgLgO 

any  one  radius,  describe  -/\       '^         j^      •^ 

the   arcs  DE,  BG;  then   tj-^ ■ -^ =— 

with    the   centre   B,   and  DAB 

radius  D  E,  describe  an  arc  cutting  B  6  in  G.    Througb  G 

draw  the  line  A  G.  and  it  will  form  tlie  angle  required. 

3.  ToMeaturelhe  Quantity  of  an  Angle  on  Paper. — Apply  the 
centre  of  a  protracter  to  the  vertex  of  the  angle,  so  that  the 
radius  may  coincide  with  one  of  the  lines ;  and  the  degree 
shewn  by  the  other  line,  will  g^ve  the  measure  of  the  angle 

Otherwite  with  the  Lint  of  Chords. — With  a  radios  equal  to  the 
chord  of  60",  describe  an  arc  between  the  lines  forming  the 
angle  ;  then  apply  the  subtense  ofthis  arc  to  the  same  scale  of 
chords,  and  it  will  give  the  measure  sought 

Angles,  in  Astronomy,  receive  the  following  particular 
denomiQatiGn :  as  Angle  of  ComnuUation,  of  ^ongmtimi,  of 
Potition,  &c. ;  for  which,  see  the  respective  terms. 

Angles,  in  Mechanics  and  Optics,  also  receive  particular 
denominations,  and  are  distinguished  into  separate  orders;  as 
ANCLESof  i)irrc(ion.  Elevation, Inclination,  Inaction, Ineidenee, 
Refraction,  &e. ;  for  which,  see  the  respective  terms.  Ofdie 
Angle,  is  the  angle  included  between  two  rays,  drawn  from 
the  two  extreme  points  of  an  object  to  the  centre  of  the  pupil 
of  the  eye. 

ANGLING,  among  sportsmen,  is  tbe  art  of  fishing,  either 
with  bait  or  flies,  and  a  rod  and  line.  Tbe  great  secret  of 
angling  with  bait  is.  to  attract  the  fish  to  some  partlcnlBr  spot 
by  throwing  in  grains,  chopped  worms,  &c.  if  the  water  is  still: 
or  if  running,  by  enclosing  a  Inrge  quantity  of  worms  in  a  tin 
box  full  of  botes,  by  which  the  worms  may  crawl  out  and 
attract  tbe  fish.  The  anglers  stand,  sheltered  by  some  bush 
or  tree,  as  particularly  at  deep-water  gullies,  sluices,  mill- 
dams,  or  ponds  where  the  cattle  go  to  water.  Chub  love  deep 
shaded  holes  ;  eels  are  found  under  the  banks  of  rivers  and 
ponds ;  perch,  in  clear  water  and  a  swift  stream ;  so  are  roach 
and  trout  found  in  quick  currents;  breams  in  deep  quiet 
places.  The  best  season  for  aogling,  is  from  April  to  October. 
A  cloudy  day,  after  a  bright  moonlight  night,  is  good  for  fish' 
ing.  Cool  weather  in  summer,  and  warm  weather  in  winter, 
are  the  fit  seasons,  from  three  till  nine  in  the  morning,  and 
from  three  till  son-set  in  the  afternoon.  A  southerly  wind,  in 
a  doll  warm  day.  is  the  best  time  of  any 

ANGOLA  Pea,  pigeon  pea. 

ANGO  R,  a  concentration  of  natoral  heat ;  the  consequence 
of  which  is.  H  pain  of  the  head,  palpitation,  and  sadness, 

ANGUINEAL  Hypehbola.    See  Hyperbola. 

ANGULAR,  something  relating  to,  or  having  angles. 
Angular  objects  at  a  distance  appear  round. 

Angular  Jtfotion,  is  that  which  is  performed  by  an  oscil- 
lating or  vibrating  body,  as  referred  to  the  angle  which  it 
describes  or  passes  over  in  a  given  time,  the  vertex  of  which  it 
the  point  of  suspension,  or  centre  of  motion.  Hence  all  points 
In  a  pendulum  have  the  same  angular  motion,  although  tbeir 
absolute  motions  are  different  from  each  other,  being  greater 
or  less,  according  to  their  distance  from  the  centre  of  bus- 
pension.  Angular  Motion  is  also  sometimes  used  to  denote  » 
motion  which  is  partly  curvilinear,  and  partly  rectilinear;  as 
the  motion  of  a  coach-wheel  on  a  plane.  Angular  Sectiont,  a 
tenn  used  by  Victa  to  denote  a  species  of  analytical  trigono- 
metry, relating  to  the  law  of  increase  and  decrease  of  the  sines 
and  chords  of  multiple  arcs. 

ANIMAL,  in  Natural  History,  an  organiced  and  living  body, 
endowed  with  sensation.  Minerals  increase  ;  plants  grow  and 
live  1  but  animals  have  the  power  of  locomotion,  of  scekiiiy 
and  appropriating  nourishment. 
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ANNULET  a  imall  gqaare  iMaber-intiw  Dorie  i 
under  the  qoarter  roand. 

ANODYNE,  a  medicine  which  eases  pain,  and  pi 
sleep:  as  paregorics,  which  assuage  pain;  hypDOtlcs.  whi 
cureslccp;  and nxrcotics. which  reiiercbycaasini:  stepel 

ANOMALISTICAL  Ye*K.  the  period  iu  wlrich  llu 
passes  tbrouell  her  orbit.     The  periodical  year. 

ANOMAXY. in  Astronomy,  an  irre^ularily  in  thai 
whereby  they  dcviale  from  ihe  apbelioa,  or  apoj^ee, 

ANONA,  Ihe  custard  apple,  cultivated  in  tropica)  el 
on  account  of  It^fruil. 

A NOTXTMO (.).<,  ill  Lhv,  the  sendiof  letters  without 
tore,  which  i.i  felony  by  the  Ulack  Aot. 

ANS.1:^.  llie  pans  of  Saturn's  uag  projeotiaK  beyv 
diic. — AssER,  2  Niuall  atarin  the  milky  way.betweea  tb 
and  Eaftle. 

ANTAKES.  n  star  of  the  first  magnitade,  Car  StorpH 

ANTECEDENT,  in  Hatbenatics,  the  first  of  two  ter 

^TECEDSNCG,  in  Astronomy,  an  apparent  moll 
planet  townrds  tlH>  west,  or  contrnry  to  the  order  of  till 

ANTESTATURE,  in  FortilJcation,  a  small  retmi 
madv  ofpRliHadoes,  or  sacks  of  rarlh,  wilb  n  v lew  to  i 
with  an  enemy  the  remainder  of  a  piece  of  f;raund. 

ANTUBLIX,  the  inward  proluberaoce  of  tbeextvr 
betnr  a  semicirele  williin,  and  almost  parallel  to  Uio  b 

ANTHELMINTICS,  medicinrs  that  destroy  worms. 

ANTHEMIS.  camomile,  medicinally  aperit-nt.  <rarra 
emolHeni,  atid  in  some  measure  anodyne  ;  the  Howera  ■ 
shining  yellow. 

ANTHBRA,  that  part  of  the  stamina  within  theeorol 
contain*  the  pollen,  whieb,  when  mature,  it  cnits  for 
pre^cnalion  of  the  plant. 

ANTHEKICUM,  spidef  wort.—AsTHOCEHOS,  bora 
— Antholyza,  mad  flower. — Anthosi'F.hhum,  amber 
AurTHOxtNTNtM.  venial  fra«9, 

ANTHitOPOPHAOI,  men-eaters,  which  bave  exti 
all  ages,  and  in  many  countries,  where  neither  religi 
philosophy  enli|;htet)  the  savaj^e  mind. 

ANTHYLLIS,  kidney  vetch. 

ANTIDESMA.  Chinese  laurel. 

ANTIBILIOUS  Pills;  aloes,  searamony,  TnrkejTl 
and  tarlarized  sntimoDy  -  one  ip-ain  of  each  makes  one  | 

ANTIMONY,  amineral, BO btittlejDi lobe c^>si!ypalTi 
il  is  of  a  whitish  blue  colour,  is  rarely  found  nati 
^nerally  combined  with  sulphur.  Among^^the  aneienU 
10  mach  repute  as  a  dye  for  the  eyelashes  end  eyebnn 
a  medicine,  it  forma  an  emetic,  when  dUiiolved  iavi, 
Bceious  acid.  The  tnrtaric  acid  forms  with  it  tartar- 
In  the  arts,  it  is  used  1o  eive  tbe  composition  of  buroii 
rors  a  flner  texture :  it  renders  the  sound  of  bell-melt 
clear;  mtn^lt-dmtlitlD  ilmakcslbis  last  harder  whit 
sonbronsi  mixed  with  lead,  it  makes  printing  types 
and  tirm  ;  it  purities  gold  ;  and  is  employed  in  cHsling 
ballx. — For  the  1iruiecreatioD,theviitaesof  antimony  art 
rxlollod.  itcuies  l)ie  measles  in  pigs,  and  purities  Ibeir 
horses  that  liave  TUUDIII);  heels  arc  liealed  by  it,  by  mix) 
drachm  of  auiaimny  with  evo-y  feeding  of  oats  you  ^. 
horse  in  Die  mornihi;.  When  horse.'j  refuse  it  in  oats, 
ihem  in  balls.  Horses  tliat  look  lean  and  scabby  ar 
fattened  by  a  slijcht  dose  for  two  months  every  momia 
pigs  also  are  fattened  a  fortnight  sooner  by  having;  a  lorn 
of  anltaony  administered  to  them. 

ANTINOUS.  in  Astronomy,  a  figure  inserted  into  tl 
stellatlon  Anoila,  the  Eafile. 

ANTIPODES,  (hose  inhabitants  of  the  globe  Ih 
diamelrioally  oppo.tiie  to  each  other. 

ANTIRRHINUM,  snap-drairon.  M  calvc's  snoul.  w 
recommended  in  leprous,  scrofiilons,  and  hjdrGptc  raaei 

ANTISCOHBtmcS,  medicines  good  afcainst  the«oi 

ANTISEPTICS,  such  substances  as  resist  putrefaetl 
sea  sall,nitre.satlof  wormwood,  atom,  myrrh,  asaf<Btid 
jsponica,  aloes;  Jesuits'  bark,  camomile,  pepper,  fiof 
ron,  sage,  rhubarb;  >alerian,  mint,  angelica,  ivy,  %tt 
faorae-radish,  be. ;  all  the  vegetable  substances  bein^  d 

ANTITHESIS,   iu  Khetorie,  a  contrast   or  oppoai 
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wwdt  or  seBluBMits ;  aad  gaoerally  the  favooritM  of  yooog 


ANTONOMASIA  if  «iioth«r  fi^ore  of  speech,  in  which,  for 
a  prMer  name,  ii  put  the  name  of  tome  dif  aiiy,  office,  profei- 
lacn,  iuB. ;  as  the  kiugf  or  his  majestjr. 

ANTLIA  Pneumatica,  the  Poeumatic  Pump,  is  a  nofcl 
asterism,  which  Dc  la  CaiUe  formed  oat  of  a  few  stars  between 
Hydra  and  Argo  Navis. 

ANVIL,  a  smith's  atensil,  apon  which  he  hammers  his 
metal ;  at  one  end  is  sometimes  a  spike  or  horn,  and  the  sur- 
laee  mnst  be  Tery  smooth  and  flat,  and  so  hard  Chat  a  file  can 
vake  no  impression  on  it :  it  is  mounted  on  a  block,  the  stomp 
er  root  of  a  tree.  There  are  small  anvils  used  by  locksmiths, 
which  stand  on  their  benches,  &c. 

AORTA,  the  artery  which  rises  immediately  from  the  left 
ventricle  of  the  heart,  and  is  from  thence  distributed  to  all  parts 
ef  the  body,  by  two  grand  trunks  ascending  and  descending. 

ANXIETY,  is  a  disagreeable  sensation,  quite  different  from 
pain,  as  being  more  obtuse,  and  less  capable  of  being  referred 
te  aaj  particular  part,  though  frequently  more  intolerable  than 
any  pain.  But  we  must  take  care  to  distinguish  between 
aasicty  in  a  medical  sense,  and  that  which  is  spoken  of  in 
ceoMBon  discourse.  The  latter  does  not  at  all  depend  on  the 
state  of  the  body,  but  belongs  entirely  to  the  mind ;  and  arises 
froas  a  sense  of  danger,  or  a  foresight  to  any  misfortune.  The 
fofowr  is  truly  corporeal ;  and  derives,  no  less  than  pain,  its 
origin  from  a  certain  state  of  the  body.  Notwithstanding  this 
difercuice,  however,  it  is  very  possible  for  both  these  kinds  of 
aexiety  to  be  present  at  the  same  time,  or  for  the  oae  to  be  the 
rsose  of  the  other.  A  very  great  bodily  anxiety  will  strike 
fear  and  despondency  into  the  most  resolute  mind ;  and  mental 
saziety,  on  the  contrary,  if  very  violent  and  long-continued, 
may  indace  the  former,  by  destroying  the  powers  of  the  body, 
eipecially  those  which  promote  the  circulation  of  the  blood. 
Anxiety,  in  the  medical  sense  of  the  word,  arises  in  the  first 
place  from  every  cause  disturbing  or  impeding  the  motion  of 
the  blood  through  the  heart  and  large  vessels  near  it ;  from 
diseases  of  the  heart  and  its  vessels,  such  as  its  enlargement, 
too  great  constriction,  ossification,  polypus,  palpitation,  syn- 
rope«  inffamniation,  debility,  and  aUo  some  affectious  of  the 
■iisd.  It  is  likewise  produced  by  every  difficulty  of  breathing, 
from  whatever  cause  it  may  arise;  because  then  the  bloMl 
9uwtm  less  freely  through  the  lungs :  anxiety  of  this  kind  is 
iflt  deep  in  the  breast.  It  is  said  also  to  arise  from  the  diffi- 
cult paasage  of  the  blood  through  the  liver  or  other  abdominal 
viscera.  A  certain  kind  of  anxiety  is  very  common  and  trouble- 
lome  to  hypochondriacal  people ;  and  arises  from  the  stomach 
tad  iatestines  being  either  loaded  with  indigested  and  cor- 
npted  food,  or  distended  with  air  produced  by  fermentation, 
•ad  extricated  from  the  aliments.  By  such  a  load  or  disten- 
tiea.  the  stomach,  which  is  a  very  delicate  organ,  becomes 
ireatly  affected.  Besides,  the  free  descent  of  the  diaphragm 
is  thos  hindered,  and  respiration  obstructed.  Anxiety  of  this 
kiad  is  asoally  very  much  and  suddenly  relieved  by  the  expvl- 
iio«  of  the  air ;  by  which,  as  well  as  by  other  signs  of  a  bad 
diaestaoa,  it  is  easily  known.  In  these  cases  the  anxiety  is 
«sually«  though  with  little  accuracy,  referred  to  the  stomach. 
Anxiety  also  frequently  accompanies  fevers  of  every  kind, 
Sometines  in  a  greater  and  sometimes  in  a  lesser  degree'; 
arisiog  as  well  from  the  general  debility  as  from  the  blood 
bring  driven  from  the  surface  of  the  body,  and  accumulated  in 
ISr  large  vessels:  as  in  the  beginning  of  an  intermittent  fever. 
t>r  it  may  ante  from  an  affection  of  the  stomach,  when  over- 
loaded with  crude,  corrupted  aliment,  or  distended  and  nau« 
•«ated  with  too  much  medicated  drink.  As  the  fever  increases 
Ue  anxiety  of  the  patieut  becomes  greater  and  greater; 
f  vmarkably  so,  according  to  the  testimony  of  physicians,  either 
liately  before  the  crisis,  or  on  the  night  preceding  it ;  as 

fore  the  breaking  out  of  exanthemata,  hsBmorrahagy,  sweat, 

diarrhcea,  which  sometimes  remove  fevers.     The  patient 

likewise  an  anxiety,  from  the  striking  in  of  any  eruption 

eritieal  metastasis.    This  sensation  also  accompanies  fevers 

^  most  other  di&eases.  when  the  vital  power  is  exhausted, 

death  approaches,  of  which  it  is  the  forerunner  and  the 

It  happens  at  that  time,  because  the  vital  powers, 

lo  pemnn  their  fanctioAs,  cannot  make  the  blood  oir- 


enlale.  Bat  what  kind  of  anxiety  this  is»  the  other  aignt  of 
approaching  death  shew  very  evidently.  Moreover*  even  In 
the  time  of  sleep,  anxiety  may  arise  from  the  same  causes  i 
henoe  frightful  dreams,  which  frequently  disturb  oor  repose 
with  surprise  and  terror, 

APAOmEB,  in  Heraldry,  a  hand  axteaded»  the  palm  open, 
the  fingers  and  thumb  extended. 

APEPOIA,  Indigestion,  which  may  be  prodveed  by  abste- 
mioosness  and  excess.  Columbo  root  infused  in  a  teapot  with 
boiling  water,  and  drank  when  cold  in  the  forenoon,  a  win^ 
l^lass  full  at  a  dme,  is  a  very  excellent  doee  when  the  stomach 
IS  languid.  It  is  prescribed  in  substaaoe  with  any  gratifnl 
aromatic,  or  infused  in  Madeira  wine*  now  and  then  intet^ 
posing  gentle  doses  of  tincture  of  rhubarb. 

APERIENTS,  facilitate  the  circulation,  and  remove  obstrno> 
tions ;  smallage,  fennel,  asparagus,  butcher's  broom,  and  paro- 
ley,  are  the  common  aperients  of  the  shops. 

APHANE,  parsley  root. 

APHANIA,  a  total  loss  of  voice,  mostly  the  effect  of  other 
disorders,  and  must  be  removed  by  eradicating  the  disease 
which  had  caused  it. 

APHELIUM,  that  point  of  a  planet's  orbit,  in  which  it  is 
farthest  distant  from  the  sun. 

APHIS,  the  vinefretter,  or  plant  loose,  of  which  there  are 
thirty-three  species,  all  of  them  destractive  to  plants. 

APHTHifi,  small  round  ulcers  in  the  month. 

APHYLLANTHES,  leafless  flower.    Blue  MontpeUier  pink. 

APIARY,  a  place  where  bees  are  kept.    See  Bi:e. 

APIUM,  parsley,  which  should  be  used  sparingly,  for  it  is 
liable  to  produce  epilepsy  in  some  constitutions. 

APOGEE,  that  part  of  the  earth's  orbit  which  is  farthest 
from  the  sun.  The  sun's  apogee  and  the  earth's  aphelion  are 
one  and  the  same  point 

APOGOGICAL  Demonstration  ;  See  Absurd  ;  an  indirect 
wav  of  proof,  by  observing  the  absurdity  of  the  contrary. 

APOPHYGE,  a  concave  ring  of  a  column,  above  or  below  a 
flat  member. 

APOPLEXY,  a  disease  by  which  the  patient  is  suddenly 
deprived  of  all  his  senses,  and  of  voluntary  motion 

APOSCYNUM,  dog's-bane. 

A  POSTERIORI  Demonstration,  proves  or  disproves  the 
fact  from  the  enumeration  of  paiticulars,  as  when  we  infer  the 
rotundity  of  the  earth  from  the  circular  shadow  it  casts  on  the 
moon. 

APOSTLES'  Creed,  a  formula  of  the  Christian  faith,  occurs 
first  in  the  writings  of  St.  Ambrose ;  and  was  introduced  into 
the  church  about  the  end  of  the  6th  century,  when  Pclras 
Gnapheus  prescribed  the  recital  of  it  every  time  divine  service 
was  performed. 

APOSTROPHE,  in  Rhetoric,  a  fignro  by  which  a  person, 
who  is  either  absent  or  dead,  is  addressed  as  if  he  were  pre- 
sent, and  listening  to  us. 

APOTHECARY,  one  who  practises  the  art  of  pharmacy  ;  in 
London,  the  apothecaries  are  one  of  the  city  companies  ;  and 
they  are  obliged  to  make  up  their  medicines  according  tci  rules 
laid  down  in  the  college  dispensatory.  Their  hall,  in  Biackfriars, 
is  the  first  laboratory  in  the  universe. 

APOTHEOSIS,  the  absurd  ceremony  of  making  a  mortal  a 
god.  A  gem  in  the  musenm  of  Brandenburgh,  represents  the 
apotheosis  of  Julius  Ciesar,  mounted  upon  a  celestial  iclube, 
and  holding  a  helm  in  his  hand,  as  if  he  were  now  the  governor 
of  heaven,  as  before  of  the  earth. 

APOTOME,  in  Geometr>',  the  difTorence  between  two  im- 
measurable lines.  In  Music,  the  difl'erence  between  a  greater 
and  lesser  semitone  ;  expressed  by  the  ratio  V28:  1125. . 

APPARATUS,  the  appendages  or  utensils  belouginR  to 
machines  ;  as  the  apparatus  of  an  air-pump,  electrical  machine, 
&c. ;  meaning  the  various  detached  parts  which  are  nccefliiary 
for  putting  the  machinery  in  action,  and  for  performing  experi- 
ments, &c. 

APPARENT,  in  Mathematics  and  Astronomy,  is  used  to 
signify  things  as  they  appear  to  us,  in  contradistinction  from 
real  or  true ;  and  in  this  respect  the  apparent  state  of  things 
is  often  ^ery  diflerent  from  their  real  state  :  as  is  this  case  of 
distance,  magnitude,  &c. 

ArrARENT  CSsiymieliens  cftke  PlmnnU^  U  whea  a  right  line 
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goppofed  to  be  drawn  throoch  their  eentres,  pastes  throQgh 
the  eye  of  the  spectator,  and  not  throug^h  the  centre  of  the 
earth. — And,  in  g^eneral,  the  apparent  conjanction  of  any 
objects,  is  when  they  appear  or  are  placed  in  the  same  right 
line  with  the  eye. 

Apparent  Dimmeter  of  an  Olyeet,  is  the  angle  that  it  sab- 
tends  at  the  eye,  which  diminishes  as  the  distance  increases ; 
so  that  a  small  object  at  a  small  distance  may  have  the  same 
apparent  diameter  as  a  mach  larger  object  at  a  greater  distance, 
provided  they  subtend  the  same  or  equal  angles  at  the  eye.  If 
the  objects  are  parallel  to  each  other,  their  real  diameters  are, 
in  this  case,  proportional  to  their  distances.  The  apparent 
diameter  also  varies  with  the  position  of  the  object ;  and  of 
eqnal  objects  at  eqaal  distances,  those  which  stand  in  a  posi- 
tion most  nearly  perpendicular  to  the  line  of  their  direction 
from  Uie  observer,  will  appear  to  have  the  greatest  diameter; 
our  idea  of  the  apparent  magnitude  generally  varying  nearly 
as  the  optic  angle.  But  although  the  optic  angle  be  the  usual 
or  sensible  measure  of  the  apparent  magnitude  of  an  object, 
yet  habit,  and  the  frequent  experience  of  looking  at  distant 
objecti,  by  which  we  know  that  they  are  larger  than  they 
appear,  has  so  far  prevailed  upon  the  imagination  aud  judg- 
ment, as  to  cause  this  likewise  to  have  some  share  in  our  esti- 
mation of  apparent  magnitudes ;  so  that  these  will  be  judged 
to  be  more  than  in  the  ratio  of  the  optic  angles. 

Apparent  Altitude  of  Celestial  Objects,  is  effected  chiefly 
by  refraction  and  parallax ;  and  that  of  terrestrial  objects,  by 
refraction. 

Apparent  Figure,  the  figure  or  shape  which  an  object 
appears  under  when  viewed  at  a  distance ;  and  is  often  dif- 
ferent from  the  true  figure.  Thus  a  straight  line,  viewed  at  a 
distance,  may  appear  but  as  a  point ;  a  surface,  as  a  line ;  and 
a  solid,  as  a  surface.  Also  these  may  appear  ojf  different  mag- 
nitudes, and  the  surface  and  solid  of  different  figures,  accord- 
ing to  their  situation  with  respect  to  the  eye  :  thus  the  arch  of 
of  a  circle  may  appear  a  straight  line  ;  a  square,  a  trapezium, 
or  even  a  triangle ;  a  circle,  an  ellipsis  ;  angular  magnitudes, 
round ;  and  a  sphere,  a  circle.  Also  all  objects  have  a  ten- 
dency to  roundness  and  smoothness,  or  appear  less  angular, 
as  their  distance  is  greater :  for,  as  the  distance  is  incrysed, 
the  smaller  angles  and  asperities  first  disappear,  by  sub- 
tending a  less  angle  than  one  minute ;  after  these,  the  next 
larger  disappear,  for  the  same  reason ;  and  so  on  continually, 
as  the  distance  is  more  and  more  increased  ;  the  object  seem- 
ing still  more  and  more  round  and  smooth.  So,  a  triangle,  or 
square,  at  a  great  distance,  appears  only  as  a  round  speck ; 
and  the  edge  of  the  moon  appears  round  to  the  eye,  notwith- 
standing the  hills  and  valleys  on  her  surface.  And  hence  it  is 
also,  that  near  objects,  as  a  range  of  lamps,  and  such  like, 
seen  at  a  great  distance,  appear  to  be  contignous,  and  to  form 
one  uniform  continued  magnitude,  by  the  intervals  between 
them  disappearing,  from  the  smallness  of  the  angles  which 
they  subtend. 

Apparent  Motion,  is  either  that  motion  which  we  perceive 
in  a  distant  body  that  moves,  the  eye  at  the  same  time  being 
either  in  motion  or  at  rest ;  or  that  motion  which  an  object  at 
rest  seems  to  have,  while  the  eye  itself  only  is  in  motion.  The 
motions  of  bodies  at  a  great  distance,  though  really  moving 
equally,  or  passing  over  equal  spaces  in  equal  times,  may 
appear  to  be  very  unequal  and  irregular  to  the  eye,  which  can 
only  judge  of  them  by  the  mutation  of  the  angle  at  the  eye. 
And  motions,  to  be  equally  visible,  or  appear  equal,  must  be 
directly  proportional  to  the  distances  of  the  objects  moving. 
Again,  very  swift  motions,  as  those  of  the  luminaries,  may  not 
appear  to  be  any  motions  at  all,  but  like  that  of  the  hour-hand 
of  a  clock,  on  account  of  the  great  distance  of  the  objects : 
and  this  will  always  happen,  when  the  space  actually  passed 
over  in  one  second  of  time,  is  less  than  about  the  14000th  part 
of  its  distance  from  the  eye ;  for  the  hour-hand  of  a  clock,  and 
the  stars  about  the  earth,  move  at  the  rate  of  fifteen  seconds 
of  a  degree  in  one  second  of  time,  which  is  only  the  13751  part 
of  the  radius  or  distance  from  the  eye.  On  the  other  hand,  it 
is  possible  for  the  motion  of  a  body  to  be  so  swift,  as  not  to 
appear  any  motion  at  all ;  as  when,  through  the  whole  space  it 
describes,  there  constantly  appears  a  continued  surface  or  solid 
as  it  were  generated  by  the  motion  of  the  object,  as  is  the 
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case  when  any  thing  is  whiried  very  swiftly  round,  Heactttikuf 
a  ring,  &c.  Also,  the  more  oblique  the  eye  is  to  the  line  wUch 
a  distant  body  moves  in,  the  more  will  the  apparent  motion 
differ  from  the  true  one.  So,  if  a  body  revolve  with  an  eqoable 
motion  in  the  circumference  of  the  circle  A  B  C  D.  &c.  and  the 
eye  be  at  E  in  the  plane 
of  the  circle ;  as  the  bodj  c 

moves  from  A  to  B  and  C,  ity^Sf.  . 

it  sectes  to  move  slower  ^ "  n 

and  slower  along  the  Kno  >^  ,^.:ir^'''- 

ALK,  tiU,  when  the  body"^^::i:;:^;:::: 
arrives  at  C,  it  appears  at  '*"•^• 

rest  at  K;  then,  while  it 

really  moves  from  C  by  D  n 

to  F,  it  appears  to  move 
quicker  and  quicker  from 

K  by  L  to  A,  where  its  motion  is  quickest  of  all ;  after  this  it 
appears  to  move  slower  and  slower  from  A  to  N,  while  the 
body  moves  from  F  to  H :  there  becoming  stationary  again,  it 
appears  to  return  f^om  N  to  A  in  the  straight  line,  while  it 
really  moves  from  H  by  I  to  A  in  the  circle.  And  thus  it 
appears  to  move  in  the  line  K  N  by  a  motion  continually  vary- 
ing between  the  least,  or  nothing,  at  the  extremes  K  and  N, 
and  the  greatest  of  all,  at  the  middle  point  A.  Or,  if  the  motion 
be  referred  to  the  concave  side  of  the  circle,  instead  of  the  line 
K  N,  the  appearances  vrill  be  tiie  same.  All  this  is  manifestly 
referable  to  the  motions,  stations,  retrog^dations,  &€.  of  the 
planets.  If  an  eye  move  directly  forwards  in  one  direction, 
any  remote  object  at  rest  will  appear  to  move  in  a  parallel  line 
the  contrary  way.  But  if  the  object  move  the  same  way,  and 
with  equal  velocity,  it  will  seem  to  be  at  rest  If  it  move  the 
same  way,  with  less  velocity,  it  will  appear  to  move  back- 
wards, with  the  difference  of  the  velocities :  if  it  move  witii 
greater  velocity,  it  will  appear  to  move  forwards  with  the 
difference  of  the  velocities.  And  when  the  object  has  a  real 
motion  contrary  to  that  of  the  eye,  it  appears  to  move  baek* 
wards  with  the  sum  of  the  velocities.  The  truth  of  all  this  is 
experienced  by  persons  in  a  boat  moving  on  water,  or  in  a 
moving  carriage,  making  observations  on  distant  objects  in 
motion,  or  at  rest. 

Apparent  Place  of  an  Object,  in  Optics,  is  that  in  which  it 
appears,  when  seen  in  or  through  glass,  water,  or  other  refleet- 
ing  or  refracting  media.  In  most  cases,  it  differs  much  from 
the  true  place. 

Apparent  Station,  in  Astronomy,  the  position  or  appearance 
of  a  planet,  or  comet,  in  the  same  point  of  the  zodiac  for  severid 
days. 

Apparent  Heir,  in  Law,  he  whose  right  is  indefeasible, 
provided  be  outlives  the  ancestor ;  as  the  eldest  son,  or  his 
issue.  Heirs  Presumptive,  are  those  whose  right  of  inherit- 
ance may  be  defeated  by  the  contingency  of  some  nearer  heir 
being  bom.  Thus,  a  second  son  or  nephew  may  be  heir  pre- 
sumptive, but  his  right  of  inheritance  may  be  defeated  by  the 
birth  of  a  child  to  his  elder  brother  or  uncle  ;  or  a  daughter  may 
be  heir  presumptive,  as  her  hopes  may  hereafter  be  cut  off  by 
the  birth  of  a  son,  who,  by  the  English  law,  succeeds  to  both 
title  and  inheritance. 

APPARITION,  in  Astronomy,  denotes  a  star  or  other 
luminary's  becoming  visible,  which  before  was  hid  :  in  which 
sense  it  stands  opposed  to  Occultation.  Thus  the  heliacal 
rising  is  rather  an  apparition  than  a  proper  rising. 

APPEAL,  in  Law,  the  removal  of  a  cause  from  an  inferior 
to  a  superior  judge ;  as  from  the  ordinary  courts  to  the  House 
of  Lords. 

APPEARANCE,  in  Perspective,  is  the  representation  or 
projection  of  a  figure,  or  body,  upon  the  perspective  plane. 
Direct  Appearance,  in  Optics,  is  the  view  or  sight  of  an 
object  by  direct  rays,  without  either  refraction  or  reflection. 
In  Astronomy,  appearances  are  more  commonly  termed  phe- 
nomena and  phases. 

APPLE.  There  are  many  kinds  of  apples :  the 'golden  pip- 
pin, which,  though  small,  keeps  well,  and  the  tree  grows  well 
in  good  light  soil;  the  Olsin  pippin,  or  Arbroath,  as  to  flavour,  is 
outdone  by  none  but  the  nonpareil ;  the  Ribston  pippin  will 
keep  till  apples  come  again,  and  the  tree  grows  in  any  situa- 
tion ;  the  golden  and  royal  russets  are  handsome  apples,  bat 
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varied  at  pleasure,  it  may  be  adapted  as  saceessfally  to  a 
Tariety  of  purposes  and  sabjects.  This  powder,  or  granala- 
tion,  is  called  aqaa-tiota  (i^rain ;  there  are  two  methods  of  pro- 
ducing it.  Having  etched  the  outline  on  a  copper-plate,  pre- 
pared in  the  usual  way  by  the  coppersmith,  procure  some  sub- 
stance finely  powdered  and  sifted,  which  will  melt  with  heat, 
and  when  cold  will  adhere  to  the  plate,  and  resist  the  action  of 
.aqua  fortis.  The  substances  used  for  this  purpose,  either 
separately  or  mixed,  are  asphaltnm,  Burg^undy-pitch,  resin, 
■gum-opal,  gum-mastich ;  and  all  the  resins  and  gum-resins 
answer  the  same  purpose.  Common  resin  has  been  generally 
used,  and  answers  tolerably ;  though  gum-opal  makes  a  better 
grain  to  resist  the  aqua  fortis.  The  substance  intended  to  be 
used  for  the  grain  is  distributed  equally  over  the  plate ;  dif- 
ferent methods  of  performing  this  part  of  the  operation  have 
been  used  by  different  engravers.  The  usual  way  is  to  tie  up 
the  powder  in  a  muslin  bag,  which  is  struck  against  a  piece  of 
stick,  held  at  some  height  above  the  plate;  tiie  powder  that 
issues  out  falls  gently,  and  settles  equally  over  the  plate ;  as 
hair  powder  upon  the  furniture,  after  the  operations  of  the  bar- 
ber. The  plate  being  covered  equally  over  with  the  dust  or 
Eowder,  the  operator  proceeds  next  to  fix  it  upon  the  plate,  by 
eating  it  gently,  so  as  to  melt  the  particles.  'This  may  be 
done  by  holding  under  the  plate  lighted  pieces  of  rolled-up 
brown  paper,  moving  them  about  till  every  part  of  the  powder 
is  melted;  this  will  be  known  by  its  brownish  change  of  colour. 
It  is  now  to  be  suffered  to  cool,  or  be  ready  for  the  next  part 
of  the  process.  Such  parts  of  the  drawing  to  be  engraved  as 
are  perfectly  white,  have  their  corresponding  parts  of  the  plate 
covered  with  turpentine  varnish,  diluted  with  turpentine  to  a 
proper  consistence,  to  work  freely  with  the  pencil,  and  mixed 
with  lamp-black  to  give  it  colour ;  if  transparent,  the  touches 
of  the  pencil  would  not  be  distinctly  seen.  The  margin  of  the 
plate,  is  also  covered  with  varnish.  When  the  varnisb  is  dry, 
a  border  of  wax  is  raised  round  the  plate,  as  in  etching,  and 
you  pour  out  the  aqua  fortis  properly  diluted  with  water.  This 
IS  called  biting-in.  It  is  the  part  of  the  process  most  uncer- 
tain, and  requiring  the  greatest  degree  of  experience.  When 
the  aqua  fortis  has  lain  on  so  long  that  the  plate,  when  printed, 
would  produce  the  lightest  tint  in  the  drawing,  it  is  poured  off, 
and  the  plate  washed  with  water,  and  dried.  When  dry,  the 
lightest  tints  in  the  drawing  are  varnished  again,  and  the  aqua 
fortis  poured  on  as  before,  and  the  same  process  is  repeated 
as  often  as  there  are  tints  to  be  produced  in  the  plate. 
Although  many  plates  are  etched  entirely  by  this  method  of 
stopping-out  and  biting-in  alternately,  yet  in  general  it  is  very 
diflBcult  to  stop  round,  and  leave  out  all  the  finishing  touches, 
as  also  the  leaves  of  trees  and  other  objects,  which  in  this 
manner  it  is  impossible  to  execute  with  freedom.  To  over- 
come this  difficulty,  another  process  has  been  invented,  by 
which  these  touches  are  laid  on  the  plate  with  as  much  ease 
and  expedition  as  in  an  Indian-ink  drawing.  Fine  washed 
whiting  mixed  with  a  little  treacle  or  sugar,  and  diluted  with 
water  in  the  pencil,  so  as  to  work  freely,  is  laid  on  the  plate 
covered  with  the  aqua-tint  ground,  in  the  same  manner  and  on 
the  same  parts  as  ink  on  the  drawing.  When  dry,  the  plate  is 
Tarnished  with  a  weak  thin  varnish  of  turpentine,  asphaltuip, 
or  mastich :  when  dry,  aqua  fortis  is  poured  on.  The  varnish 
immediately  breaks  up  in  the  parts  where  the  treacle  mixture 
"^as  laid,  and  exposes  those  places  to  the  action  of  the  acid, 
while  the  rest  of  the  plate  remains  secure.  The  effect  of  this 
is,  that  all  the  places  where  the  treacle  was  used,  are  bit-in 
deeper  than  the  rest,  and  have  all  the  precision  and  firmness  of 
touches  in  Indian-ink.  After  the  plate  is  completely  bitten-in, 
the  bordering  wax  is  taken  off,  by  heating  the  plate  a  little 
with  a  lighted  piece  of  paper;  it  is  then  cleared  from  the 
ground  and  varnish  by  oil  of  turpentine,  and  wiped  clean  with 
a  rag  and  a  little  fine  whiting,  when  it  is  ready  for  the  printer. 
The  disadvantages  of  this  method  of  aqua-tinting  are,  a  difficulty 
to  produce  the  required  degree  of  coarseness  or  fineness  in  the 
grain,  and  plates  so  engraved  print  not  many  impressions 
before  they  are  worn  out,  and  though  occasionally  of  service, 
it  is  therefore  seldom  used.  The  second  method  of  producing 
the  aqua- tint  ground,  generally  practised,  is  the  following.  Some 
resinous  substance,  as  eommon  resin.  Burgundy-pitch,  or 
.IttMtichy  dissolved  in  spirits  of  wine,  is  poiued  all  over  the 


plate,  held  in  a  slanting  direction  that  the  superflaoiis  flsM 
may  drain  off ;  it  is  then  laid  down  to  dry.  The  spirit,  in  evapo- 
rating, leaves  the  resin  in  a  granulated  state,  or  rather,  the 
latter  has  cracked  in  every  direction,  still  adhering  firmly  to 
the  copper.  A  grain  is  thus  produced  with  sreat  ease, 
extremely  regular  and  beautiful,  and,  in  eomparison  of  the 
former  method,  much  superior  for  most  purposes.  Alter  the 
grain  is  formed,  every  part  of  the  process  is  conducted  as 
described  above.  There  are  some  particulars  necessary  to  be 
known,  to  secure  success  in  the  operation.  The  spirits  of  wine 
used  for  the  solution  must  be  of  the  best  cjuality,  highly  recti- 
fied. That  sold  in  shops  generally  contains  camphor,  which 
entirely  spoils  the  grain.  Rosin,  Burgundy-pitch,  and  gnoi- 
mastich,  when  dissolved  in  spirits  of  wine,  produce  grains 
of  a  different  appearance  and  figure,  and  are  sometimes  used 
separately,  and  sometimes  mixed  in  different  proportions, 
according  to  the  taste  of  the  artist,  some  using  one  snbstanoe 
and  some  another.  To  produce  a  coarser  or  finer  grain,  it  is 
necessary  to  use  a  greater  or  smaller  quantity  of  resm  ;  and  lo 
ascertain  the  proportions,  the  liquor  may  be  poured  on  several 
spare  pieces  of  copper,  and  the  grain  examined,  before  it  is 
applied  to  the  plate  to  be  engraved.  When  the  solation  is 
made,  it  must  stand  still  and  undisturbed  for  a  day  or  two,  till 
all  the  impurities  of  the  rosin  have  settled  to  the  bottom,  and 
the  fluid  is  quite  pellucid.  No  other  method  of  freeing  it  from 
those  iropunties  has  been  found  to  answer :  straining  it  through 
linen  or  muslin  fills  it  with  hairs,  which  min  the  grain.  The 
room  in  which  the  liquid  is  poured  on  the  plate  must  be  per- 
fectly still,  and  free  from  dust,  which  whenever  it  falls  on  the 
plate  while  wet,  causes  a  white  spot,  which  it  is  impossible  to 
remove  without  laying  the  grain  afresh.  The  plate  must  also 
be  previously  cleaned  carefully  with  a  rag  and  whiting,  as  the 
smallest  stain  or  particle  of  grease  produces  blemish  in  the 
grain.  All  these  attentions  are  necessary,  to  produee  regular 
grain ;  and,  after  every  thing  that  can  be  done  by  the  most 
experienced  artists,  there  is  still  much  uncertainty  in  the  pr^ 
ceis.  Artists  are  some  times  obliged  to  lav  on  the  grains 
several  times  before  they  procure  one  suffioiently  regular.  The 
same  proportions  of  materials  do  not  always  produee  the  same 
effect,  which  depends  greatly  on  their  qualities ;  and  it  is  even 
materially  altered  by  the  weather.  These  difficulties  are  not 
surmounted  but  by  experience  ;  and  those  who  daily  practise 
the  art,  are  liable  to  unforeseen  accidents.  It  is  to  he  lamented, 
that  so  elegant  and  useful  a  process  should  be  so  extremely 
delicate  and  uncertain.  As  the  plate  is  held  in  a  slanting 
direction,  to  drain  off  the  superfluous  fluid,  there  will  naturally 
be  a  greater  body  of  the  liquid  at  the  bottom  than  the  top  « 
the  plate.  Hence,  a  grain  laid  in  this  way  is  always  coarser 
at  the  lowermost  side  of  the  plate.  The  most  usual  way  is,  to 
keep  the  coarsest  side  for  the  foreground,  that  being  generally 
the  part  which  has  the  deepest  shadows.  In  large  landscapes, 
various  parts  are  sometimes  laid  with  different  grains,  accord- 
ing to  the  nature  of  the  subject  The  finer  the  jprain  is,  the 
more  tlie  impression  resembles  Indian-ink,  and  the  fitter  it  is 
for  imitating  drawings:  but  fine  grains  aro  apt  to  come  oM 
before  the  aana  fortis  has  lain  on  long  enough  to  produce  the 
desired  depth ;  and  as  the  plate  is  not  corroded  so  deep,  it 
sooner  wears  out  in  printing :  coarser  grains,  on  the  contrnry, 
are  firmer,  the  acid  goes  deeper,  and  the  plate  throws  ot  a 
greater  number  of  impressions.  This  is  evident  when  we  oon« 
sider,  that,  in  the  fine  grains,  the  particles  being  small  aro  near 
each  other,  and  consequently  the  aqua  fortis,  ikhich  acts  late- 
rally as  well  as  downwards,  soon  undermines  the  particles,  and 
causes  them  to  come  off.  If  left  too  long  oo  the  plate,  the  acid 
would  eat  away  the  grain  entirely.  Tlie  moderately  coarse 
grains  are  on  these  accounts  more  sooghl  after,  and  answer 
better  than  the  fine  grains  formerly  in  use.  Though  thero  aro 
difficulties  in  laying  properly  the  aqua-tint  grain,  yet  corroding 
the  copper,  or  biting-in,  so  as  to  prodnoe  exactly  the  tint 
required,  is  even  more  precarious  and  uncertain.  No  rales 
can  be  laid  down,  by  which  success  in  this  process  can  be 
secured ;  a  deal  of  experience  and  attentive  observation  alone 
enable  artists  to  do  it  with  certainty.  We  will  therefore  give 
some  hints  which  may  be  of  importance  to  those  who  wish  to 
obtain  the  practice  of  this  art  The  longer  the  acid  romains  in 
the  copper,  the  deeper  it  bites,  and  oonsequenUy  the  dtrkcg 
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A*  ■kadeaatketiBpreuion.  It  mafbe  of  flomenie,  timvfMe, 
to  l«ve  HvenI  bit*  of  copper  laid  with  aqua-tint  frauds,  of 
the  ■imn  kind  to  be  med  in  tbe  plate,  and  to  let  the  aqna  fortl* 
RSBJa  for  different  Irnfctli*  of  time  on  eaeh ;  and  then  to 
•Kaauae  tbe  lintj  produced  in  one,  two,  three,  four  minnles,  or 
longer.  Obflcrrationi  of  thii  kind,  frequentlj  repeated,  and 
with  acid  of  varioni  degrees  of  atrenKlb,  will  a«siit  tbejadir- 
mtmt  in  (rneMiBg  at  the  tint  to  be  prodnced  in  the  plate.  A 
■■fsifter  U  also  ueful,  !(■  esaminc  the  fcrain,  and  obiene  the 
4Mth  |0  which  it  ii  bit.  No  proof  of  the  plate  can  be  obtained 
till  itewboleproceu  is  finished.  Therefore  if  an;  part  appears 
Ut  too  dark,  it  oanst  be  burnished  down  with  a  steel  bnrnisher ; 
hill  lUa  rcqaiiM  delloac;  and  good  manajcement,  not  to  make 
tte  abMe  alreaky ;  and  m*  the  beaut;  and  (lurabiUl;  of  the  frain 
tn  MuUy  i^fiMl  by  it,  it  should  be  avoided  as  ranch  as  poa- 
ijMc.  noae  parts  not  dark  enou|th,  must  have  a  frcsb  grain 
hM  9T«r  Ihcn,  and  be  stopped  round  wilb  Tarnish,  and  s ub- 
jeeUd  ^aia  to  the  aquafortis.  This  re-biiing  requires  care 
aad  BUeatiMi.  The  plate  must  be  well  cleaned  out  with  tur- 
pi  ■liaii  before  laying  on  the  grain,  which  should  be  prettj 
iwmi.  else  It  will  not  la;  upon  the  heigbta  only,  as  it  is  necei- 
aary  to  praduee  the  lame  grain.  If  the  new  grain  is  different 
torn  the  forwer,  it  will  be  rotten,  not  clear  and  fine.— In  this 
geacral  a«eoant  of  the  proceis  of  engraving  in  aqua-linta,  we 
falcio  no  malnrinl  circatnstance  has  been  omitted,  that  can 
ted,  without  seeing  tbe  different  siaget  of  the 
t  aher  all,  no  written  directions  whatever  can 
i^4e  a  person  to  practiae  anj  art  perfecllj,  much  less 
•^rsTioK  to  aqna-tinta.  lU  sacces*  depends  upon  so  roaaj 
MMtiea,  an  attention  to  circnmstances  apparently  so  triBing, 
ttU  the  peraon  who  attempts  It,  must  not  be  surprised  if  he 
feca  BOt  ■acceed  at  first.  Ii  is  a  species  of  engraving  simple 
lad  expeditions,  if  every  tbing  goes  on  well ;  bat  precarious, 
ad  liable  to  errors  which  are  rectified  with  great  difficulty. 
It  aceMs  adapted  for  imitation  sketches,  washed  drawings, 
mi  aHfht  anbiects  ;  but  not  at  all  calculated  to  produce  prints 
kOM  iwabed  pictares.     Nor  does  it  appear  suitable  for  book- 

Ratta,  aiace  it  prints  not  a  sufficient  number  of  impressions. 
CKBaottbercfbre,  be  pat  in  competition  with  tbe  other  modes 
rffaiaiint .  bat,  confined  to  nubjects  for  which  it  is  calcn- 
hted,  it  la  extremely  useful,  as  it  is  expeditious,  and  may  be 
iiwuid  vilb  Kuch  less  trouble  than  any  other  mode  of 
,  iiiaii»|  Bat  even  this  circumstance  is  a  source  of  mischief. 
It  awiinei  the  proidoclion  of  a  mnltilude  of  prints,  that  have 
w  Mher  cVkI  than  that  of  vitiating  the  public  taste. 

AQUEDUCT,  a  coaduit  of  water,  is  a  construction  of  stone 
mi  tiBher  hailt  on  uneven  gronnd,  to  preserve  the  level  of 


water,  and  to  eondnet  it  tfcroa|[h  canals  from  one  place  ta 
anotbcr.  Some  of  these  a^^tieduct*  arc  visible,  and  others  snb- 
terraneoDS :  those  of  tbe  former  sort  are  constructed  at  a  great 
height,  across  valleys  and  marshes,  nnd  supported  by  piera 
and  ranges  of  arches;  tbe  latter  are  formed  by  pieroing  tbe 
mountains,  and  conducting  them  below  the  surface  of  the  earth. 
They  are  built  of  brick,  stone,  Stc.  and  covered  above  with 
vaulted  roofs,  or  Qat  stones,  serving  to  shelter  the  water  from 
the  sun  and  rain  ;  and  of  these,  some  are  double,  and  olhera 
triple,  that  is,  supported  by  two  or  three  ranges  of  arches.  Of 
tbe  latter  kind,  are  tbe  Font-du-gard  in  Langucdoc,  supposed 
to  have  been  buill  by  tbe  Romans  to  carry  wnier  to  the  city  of 
Nismes:  that  of  Constantinoplp ;  and  that  which,  according  to 
Frocopius.  was  oonstracied  by  Cosiocs,  king  of  Persia,  near 
Pctra  in  Miugreha.  and  which  had  three  conduits  in  the  same 
direction,  each  elevated  above  the  other.  Some  of  tbe  aque- 
ducts are  paved,  others  convey  the  water  through  a  natural 
channel  of  clay  ;  and  it  was  frequently  conducted  by  pipes  of 
lead  into  reservoirs  of  the  same  metal,  or  into  iroughs  of  bewn 

The  AnuEDL'CTof  jl^atitra,  fig.  63,  near  Lisbon,  18  66,380 
feet  long ;  supported  on  1'27  arches,  the  middle  arch  being  230 
feet  high,  ana  lOH  feet  wide :  the  other  arches  are  extremely 
well  executed ;  and  in  standing  at  the  western  angle,  the  eye 
ranges  over  the  piers,  without  tbe  slighest  variations  of  any  of 
them  from  the  vertical  plane.  The  juiuis  are  close,  aad  tho 
horiiontal  lines  well  preserved.  The  vouisoiri  of  tbe  archei 
appear  of  equal  length,  and  their  eitrados  arc  adapted  to  the 
courses  of  10  inches  deep.  Those  of  the  middle  arch  appear 
about  8  feet  la  length,  aiid  15  of  them  constitute  the  depth  of 
the  work  ;  but  the  four  ranks  of  projecting  stones,  which  pro- 
bably carried  the  centering,  hurt  the  uniformity.  Tbe  only 
perceptible  sinking  occasioned  by  the  earthquake  Is  in  ths 
north  parapet,  and  in  one  of  the  towers.  A  stream,  or  ratbei 
winter-torrent,  runs  through  the  cbaooel  nnder  the  great  arch, 
and  empties  itself  into  the  Tagus,  about  two  miles  distant. 
The  width  of  tbe  section  at  top  is  30  fcrt  one  inoh,  and  at 
bottom  26  feet  10  inches.  Tbe  steepest  or  euteni  bank  ia  tbe 
Lisbon  side,  and  the  gently  rising  or  western  bank,  tbe  BellM 
side ;  tbe  spectator  will  then  face  the  south.  A  slatne  of 
John  V.  who  reigned  in  1717,  is  represented  in  Roman  oostome 
on  a  pedestal  on  the  eastern  end,  where  the  footpath  oom- 
mences,  from  which  to  the  arch  No.  I,  is  670  feel  seven  inches 
solid  wall.  Tbe  most  modem  and  moxt  extensive  aqnedact  is 
that  built  by  Louis  XIV.  near  Msintenon,  for  carrring  the  river 
Sure  to  Versailles.  It  is  7000  fathomi  long,  aaa  it>  eleratiM 
3000  fathoms ;  and  contains  343  arcades. 
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II  b  a  TCIT  pfereillag  opinion,  that  the  Romans,  amidst  all  I  method  of  conduetiag  and  raising  water  by  a  train  of  pipM. 
tik  ■^ffiirnarn.  were  tgnoranl  of  the  simplest  elnnenU  of  Nothing,  however,  can  be  worae  founded  than  this  notion  The 
■-^ __^  thenlbre  entirdr  luiMqoainled  with  the  |  aaolent  writers,  who  eitbar  treat  of  the  sttbjeet,  or  lai  lilnilill|' 
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meotloB  it,  tre  oleAr  mad  exttftdt  in  tfieir  remmrks,  whtte  mkaif 
vestiges  of  art  still  attest  tbe  aociiraoy  6f  tfaoie  iUtements; 
Plioy,  the  Dtttarsl  historian,  lays  down  the  main  principle,  that 
**  water  will  invariably  rise  to  the  height  of  its  source :"  Sulrii 
mhiiuSnem  exortui  tui.  He  snbjoins,  that  leaden  pipes  must 
be  employed,  to  carry  water  up  to  an  eminence.  Palladins, 
in  his  treatise  De  Re  Rustiea,  teaches  how  to  find  springs,  by 
observing  immediately,  (torn  the  sunrise  in  the  month  of 
August,  the  vapours  which  hover  above  particular  spots ;  and 
having  there  dog  a  well,  he  directs  the  water  to  be  conducted 
to  the  farm  or  villa,  either  by  a  condoit  constructed  of  masonry, 
or  by  means  of  pipes  of  lead,  of  wood,  or  even  of  earthenware. 
He  allows  one  foot  in  sixty,  or  in  a  hundred,  for  an  uniform 
descenL  But  if  the  ground  should  afterwards  rise,  he  says, 
the  condoit  most  be  supported  on  piles  or  arches,  or  the 
water  nhbst  be  raised  in  leaden  pipes,  when  it  will  mouttt 
just  to  tbe  level  of  its  head.  But  Palladius  testifies  his 
aversion  to  the  use  of  lead,  as  apt  to  become  covered  with 
ceruss,  and  thereby  rendered  unwholesome,  or  even  poisonous. 
This  consideration  had,  no  doubt,  served  to  restrain  the  g^eral 
adoption  of  leaden  pipes  among  the  Romans.  Still,  however, 
we  may  infer,  fVom  the  allosfons  of  the  poets,  that  such  pipes 
had  oome  into  very  common  use.  They  were  not  cast  tubular 
as  at  present,  but  consisted  of  thin  plates  bent  up  into  the  form 
of  a  oylhider,  and  soldered  albng  the  edge.  They  most  fre- 
quently have  given  way,  therefore,  at  this  seam.  Horace  aska, 
if  the  water  which  threatens  in  the  streets  to  burst  its  Tead,  be 
purer  than  the  rivulet  thtet  trembles  and  murmurs  as  it  flows. 
S/rist.  I.  k.  20.  Ovid  compares  the  gush  of  blood  from  the 
mortal  wound  which  Pyrsmuv,  \h  the  agony  of  despair,  had 
inRlcfeil  upon  himself,  to  the  accidental  rupture  of  a  leaden 
i^ilpt.  Mttam.  Iv.  130.  StfettiUB  spcafcs,  no  doubt  with  poetical 
exaggeratitNd,  of  vrhole  rivers  being  discharged  by  such  con- 
duits. StatiHM^  I.  iSy/o.  Vitruvius  describes  the  thrse  principal 
mddes  of  conveying  Water;  but  dimsui.  ass  tlw  previous  opera- 
tion, to  trace  a  level  (Ubram»ntnm)  oh  the  i^round.  This  libra- 
Ifon  Was  performed  by  the  dioptron,  the  water-level,  or  the 
ehoi^bates.  The  dioptron  seems  to  hare  been  h  sort  of  qhad- 
tant  fitted  with  sights ;  the  water-level  cohsisted  of  a  tube, 
probably  of  copper,  five  feet  long  and  an  inch  wide,  tWrned  up 
an  incfh  and  a  half  at  both  ends,  and  was  adjusted  till  water 
rose  equally  in  them ;  the  chorobates,  or  perambulator,  whidi 
he  considered  as  the  most  aecurate  instrument,  was  composed 
Of  a  i«d  twenty  feet  lo«g,  having  a  square  and  phimmet 
attached  at  each  eatremity.  Vitruvius  allows  only  half  a  foot 
fit  the  iMndred,  for  the  slope  of  an  aqfueduct  After  the  water 
had  reached  the  walls  of  a  city,  it  was  admitted  into  a  reser- 
voir or  castellum,  divided  into  three  distinct  and  equal  com- 
partments, one  to  feed  the  pools  and  fountains,  another  to 
supply  the  public  baths,  and  a  third  for  the  accommodation  of 
palaces  and  private  houses.  The  distribution  of  the  water  was 
effected  commonly  by  means  of  leaden  pipes.  The  smallest  of 
thefe  Was  called  a  denaria,  being  ten  feet  in  length,  tbe  six- 
teenth part  of  this  in  breadth,  and  weighing  120  Roman  pounds. 
This  (^ves,  ftnr  the  thickness  of  the  lead,  eiactly  the  quarter  of 
an  £nt;lish  inch.  In  lower  situations,  where  tbe  stress  against 
the  sides  was  greater,  the  pipes  appear  to  have  been- made 
proportionally  stronger.  The  quantity  of  water  delivered  from 
t^e  cisterns  was  regulated  by  the  dimensions  of  the  spouts, 
termed  calicos.  These  formed  a  series  of  twenty-five  different 
kinds,  which  served  as  moduli.  Their  diameters  were  some- 
times reckoned  by  ounces,  or  the  twelfth  parts  of  a  Roman 
hiot,  but  more  commonly  by  quarter  digits,  or  the  sixty-fourth 
phrt  of  a  foot.  The  quinaria  seem  to  have  been  considered  as 
the  standard,  and  its  width  must  have  hence  corresponded  to 
the  iX)6  part  of  an  English  inch.  The  ajutate  or  length  of  all 
those  spouts  was  the  same,  being  twelve  digits,  or  three-fourths 
of  a  Roman  foot,  and  tlierefore  equal  to  8*7  English  inches. 
Prony  oomecfUres,  from  verv  probable  grounds,  that  such  was 
also  the  aftltade  of  a  column  of  pressure  above  the  middle  of 
each  orifice.  This  estimate  gives  1979  cubic  feet,  for  the  quan- 
tity of  Tttsemifge  Of  a  itenarfa,  hi  the  space  of  twenty-four 
hours.  Leaden  pipes  were  likewise  emplojed  to  carry  water 
tm^m  vales  and  ov^r  enrinences.  But  it  behoved  to  erect  at 
tile  several  incurvations,  cohmmaria,  or  chimneys,  to  give  vent 
ia»llM  air  v»faich  might  collect  aadgotgeup  the  passage  of  tbe 


water.  Surii  fennels  re<ittired  to  be  raised  to  near  the  helgil 
of  the  fountain  head.  Vitruvius,  however,  joins  widi  PaUadiui 
and  Columella,  in  itcommending  pipes  of  earthenware,  as  Ml 
otaly  cheaper,  but  more  wholesome,  than  those  of  lead.  They 
could  be  formed  thicker,  if  necessaiy,  and  nHght  be  iartlier 
strengthened  and  secured,  they  said,  by  an  oater  coating  el* 
lime  worked  up  with  oil.  But  soeh  pipes  not  being  glallM, 
it  became  necessary,  before  using  them,  to  fill  up  the  porea  hf 
a  sort  of  puddling,  that  is,  to  wash  their  inside  with  favHin,  or 
fine  wood-ashes.  No  wonder,  therefore,  thai  tbe  leaden  pipes 
were  held  in  little  estimation  among  the  andent  RoHMUik. 
They  seem  to  have  been  seklom  used  indcMl  beyond  the  ittnita 
of  the  imperial  city,  except  as  auxiliaries  in  the  amallet  aqne* 
ducts.  Wheh  such  conduits  happened  to  be  intettupted  if  a 
deep  narrow  vale,  instead  of  joining  them  by  an  arch  tlHt>wii 
ovet  the  gap,  the  ieonnexion  Was  sotaetimes  formed  1^  an 
inverted  syphon  of  lead,  carried  on  the  one  side  down  to  tlie 
bottom,  and  brought  up  ah  the  other.  Rome  was  sonpli«l  by 
nine  great  aqueducts,  according  to  Frentinus,  who  Md  beeK 
appointed  curator  of  thbse  magnificent  works  by  the  emperoi 
Nerva.  He  added  fiVe  more ;  and  the  number  was  aftenrwda 
augmented,  by  successive  emperors,  to  twenty.  Of  theae,  lite 
most  remarkable  Were,  I.  The  Aqua  Appia,  thus  named  frans 
its  having  been  constructed  by  the  censor  Appius  Claudina,  in 
the  442d  yesr  of  Rome,  begun  between  the  sixth  and  eighth 
milestone,  made  h  circuit  of  8t90  deep  paces,  and  then  pro^ 
eeeded  by  a  deep  subterranean  drain  of  more  than  11  milea, 
delivering  the  main  body  of  its  water  in  the  Oampas  Martina. 
2.  The  OM  and  New  Anio,  cotidtfitaso  oa|ted  iVom  their  brings 
ing  into  Rome  the  waters  of  that  river.  The  former  began 
above  the  Tiber  iti  the  90tn  milestone,  aind  consftted  moatly  of 
a  vrinding  drain  carried  thrcMglk  an  extent  of  about  4S  uuea. 
The  latter,  constructed  under  Nero,  took  a  higher'  level,  run- 
ning 7643  paces  above  ground,  and  then  pursuing  a  anbter- 
mnean  passage  of  64,267  paces  in  length.  9.  The  Afaa  M«r- 
tia,  which  owed  its  formation  to  Qutotos  Mafrttus,  roie  fraas  a 
spring,  distant  33  miles  from  Rome,  made  a  circuit  of  tbnse 
miles,  and  afterwards,  forming  a  vault  of  16  feet  diameter,  It 
ran  38  Iniles  along  a  series  of  areades  at  the  elevation  of  70 
feet.  It  had  vents  perforated  at  certain  distances,  fiir  dtsaorg- 
Ing  the  collected  hir ;  and  the  condoit  was  oeciialon«lly  inttt^ 
rupted  by  deep  cisterns,  in  which  tbe  water  settled  and  depo- 
sited its  sediment.  It  was  hence  remarkable  <br  hs  clear  gvwen 
colour.  Lib,  XXX.  6.  The  Aqua  JuHa  and  tbe  Aqua  TWfhiln 
were  brought  by  the  same  aqueduct,  only  in  two  lower  oottAttfta. 
4.  The  Aqua  Virginia,  'conducted  by  Agrippa.  the  patriotic 
Keutenant  of  Augustus,  who  laboured  to  improve  and  beautify 
Rome;  and  who,  according  to  Pliny,  formed  in  one  year 
70  pools,  106  fountains,  and  130  reservoirs.  It  commenced  at 
a  very  copious  spring,  in  tbe  midst  of  a  marsh,  at  the  distance 
of  eight  miles  from  the  city,  and  ran  about  12  miles,  passing 
through  a  tunnel  of  800  paces  in  length.  6.  Tbe  Aqua  Claudia, 
begun  by  Nero,  and  completed  by  Claudius,  took  its  riae  38 
miles  from  Rome ;  it  formed  a  subterranean  stream  36^  miles 
in  length,  ran  10}  miles  along  the  surface  of  tbe  ground,  was 
vaulted  for  the  space  of  three  miles,  and  supported  on  arcades 
through  the  extent  of  seven  hiiles,  being  carried  along  so  high 
a  level  as  to  supply  all  the  bills  of  Rome.  It  was  built  of  hewn 
stone,  and  still  continues  to  furnish  the  modern  city  with  water 
of  the  best  quality,  which  has  hence  procured  it  the  name  of 
Acqua  Felice.  The  practice  of  tunnelling  was  begun  under 
Augustus,  who  greatly  extended  the  aqueducts.  Other 
emperors  likewise  directed  their  attention  to  that  important 
object  Trajan  shewed  particular  solicitude  in  improvtng  tiie 
aqueducts.  Those  works  were  executed  in  the  -boldest  man- 
ner ;  nothing  could  resist  the  skill  and  enterprise  of  the 
Romans ;  they  drained  whole  lakes,  drove  mines  through 
mountains,  and  raised  up  the  level  of  valleys  by  accumulated 
arcades.  The  water  was  kept  cool  by  covering  it  with  vaults, 
which  were  often  so  spacious,  that,  according  to  Procopius, 
who  wrote  in  the  time  of  Belisarius,  a  man  on  horseback  could 
ride  through  them.  So  abandant  Indeed  was  the  aupply,  aa  to 
induce  Strabo  to  say,  that  whole  rivers  flowed  through  the 
streets  of  Rome.  Contemplating  the  utility,  tbe  extent  and 
grandeor  of  those  aqueducts,  Pltu}' justly  regarded  them  ae  the 
wonder  of  the  worid.  Pim.  xxx>i.  16.     The  snofto  idea  is 
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expressed  by  the  poet  Rutilias.  Ruiiiiui  in  Itim.    Aceordinii^  to 
the  enumeration  of  Froatinus,  the  nine  earlier  aqueducts  deli- 
vered e?ery  day  14,018  quinaria.  This  corresponds  to  27,743,100 
cubic  fccL     We  may  therefore  extend  the  supply,  when  all  the 
aqueducts  were  in  action,  to  the  enormous  quantity  of  50,000,000 
cubic  feet  of  water.     Reckoning  the  population  of  ancient 
Rome  at  a  million,  which  it  probably  never  exceeded,  this 
would  furnish  no  less  than  fifty  cubic  feet,  for  the  daily  con- 
suBplion  of  each  inhabitant.     In  modem  Rome,  three  aque- 
dvets,  the   Acqua  Felice,  Juliana,  and   Paulina,  with  some 
additional  sources,  deliver  in  twenty-four  hours,  according  to 
the  cmlcalation  of  Prony,  5,306,000  cubic  feet.    This,  shared 
■BOOK  a  population  of  130,000,  gives  about  forty  cubic  feet  for 
each  iodi%idual,  being  nearly  the  same  comparative  supply  as 
in  the  period  of  Roman  splendour.    Such  profusion  of  water 
altoffetber  transcends  our  conceptions.    The  supply  of  LfOndon 
la  the  year  1790  was  only  2,026,560  cubic  feet  daily ;  and  e\en 
mow,  when  the  rivalship  of  the  several  water  companies]  has 
almost  deluged  the  streets,  it  amounts  only  to  3,888,000  cubic 
htt,    This  quantity  is  abundantly  sufficient  for  all  the  wants 
of  a  laxarious  mass  of  inhaliitants,  equal  cerUinly  to  the  popu- 
lation of  ancient  Rome,  where  the  consumption,  however,  was 
slill  fourteen  times  greater.    How  paltry  then  appears  the 
actual  supply  of  Paris,  amounting  only  to  293,600  cubic  feet  of 
water  io  a  day.     It  affords  scarcely  half  a  cubic  foot,  or  thirty 
pounds  avoirdupois,  to   each  inhabitant  in  a  population  of 
600.000.    The  Greeks  of  the  Lower  Empire  had  simplified  the 
general  mode  of  conducting  water.    This  evidently  appears 
from  the  practice  which  now  prevails  in  supplying  the  city  of 
Constantinople.  The  ground  is  levelled  by  means  of  the  Terazi, 
a  sort  of  inverted  mason's  plummet,  which  hangs  from  the 
Middle  of  a  eord  stretched  between  two  rods  divided  into 
laches  and  parU,  set  npright,  and  removed  successively  from 
one  station  to  another.      But  the  chief  improvement  con- 
lists  in  substituting,  for  the  columnaria  of  the  Romans,  the 
Sonterasi  or  water-balance,  a  sort  of  hydraulic  obelisk  or 
pvramid.      By  this  ingenious  contrivance,   the  expense    of 
K|oediicts  is  reduced  to  a  fifth  part    The  water  runs  down 
vith  a  gentle  slope  in  covered  drains,  till  it  reaches  an  obelisk 
constmcted  of  masonry ;  and  rising  up  the  one  side,  by  a  nar- 
row channel,  discharges  itself  into  a  basin  at  the  top,  from 
vhich  again,  at  a  level  eight  inches  lower,  it  descends  by  a 
limilar  channel  on  the  other  side.    The  form  of  this  hydraulic 
pvramid  may  be  easily  represented  by  the  reader,  without  the  aid 
of  any  diagram  to  assist  his   conception.     Such  auxiliary 
•lehines,  which  facilitate  the  escape  of  the  air,  and  allow  the 
vater  to  settle,  are  commonly  erected  at  intervals  of  about 
tvo  hundred  yards.    The  system  is,  in  fact,  only  a  repetition 
of  eondniu.    From  each  separate  basin,  the  water  is  distributed 
kff  onBee%  of  different  diameters,  but  having  their  centres  all 
ii  the  same  borisontal  line,  three  inches  beneath  the  brim. 
Ibe  charge  of  the  waterworks  at  Constantinople  is  intrusted 
Is  a  body  of  3U0  Turks  and  some  Albanese  Greeks,  who  form 
dmoit  an  hereditarv  profession.     According  to  the  interesting 
work  of  General  Andreossy  on  the  Bosphorus,  that  for  the  supply 
«f  a  population  of  600.000  is  only  two-thirds  of  a  cubic  foot,  or 
^boat  forty  pounds  of  water  per  day.    There  still  remain  at 
Censtantinople  two  ancient  cisterns:     1.  The  Subterranean 
fistern,  built  of  hard  brick,  vaulted  and  resting  on  marble 
colamas :  and  2.  The  cistern  of  one  hundred  and  one  columns, 
filled  anciently  Philoxeoc ;  it  consists  of  three  rows  of  columns, 
sar  above  another,  and  capable  of  holding  five  days*  supply  for 
(he  %bole  inhabitants  of  this  spacious  city. — Leslie's  Statural 

AQtILA,  a  constellation  in  the  northern  hemisphere, 
tssally  ioiocd  with  Antinous.  According  to  some  ancient 
psets,  this  eagle  is  the  same  as  that  whose  form  Jupiter 
■•■Slid  when  he  carried  to  mount  Ida  the  beautiful  Gany- 
Wdr,  SOB  of  Tros,  king  of  Phrygia.  Antinous  was  a  yuuth  of 
ftthyaia,  (now  Anatolia,  in  Asia  Minor,)  a  great  favourite  of 
Ike  emperor  Adrian,  who  erected  a  temple  to  his  memory,' and 
ybeed  him  among  the  constellations.  The  asterism  Antinous 
n  femnMy  considered  an  integral  part  of  the  constellation 
A^a.  Athair,  the  chief  star,  and  of  the  first  magnitude,  is 
■mated  in  the  eagle's  neck;  iu  right  ascension  is  295P  29^ 48": 
«•<  lU  declination  is  tf>  23"  67".    It  appeara  on  the  E.N.E. 
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three-fourths  east  point  of  the  horison,  at  London,  and  rises 
and  culminates  as  m  the  following  Table :  Meridian  Altitude, 
¥P  62'  67". 
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AQUILEGIA,  columbine,  the  leaves,  flowers,  and  seeds  of 
which  were  formerly  in  great  repute  among  the  people  for 
throwing  out  the  small  pox  and  measles. 

ARA,  the  Altar,  an  asterism  south  of  the  Scorpion's  Tail, 
contains  nine  stars,  of  which  three  are  of  the  third  magnitude, 
four  of  the  fourth,  &c.  The  chief  star  culminates 
nearly  at  the  same  time  with  Ras  Algothi  In  the 
head  of  Hercules.    See  Hbrculks. 

ARABIS,  bastard  tower  wall-cress. 

ARABLE  Lands,  those  which  are  fit  for  til- 
lage, or  have  been  tilled. 

ARACK,  or  Indian  Toddy,  the  juice  of  the 
cocoanut  tree ;  or  a  distillation  of  rice  fermented 
with  toddy.  The  Tartars  have  a  species  of 
arack  distilled  from  mare's  milk. 

AR.r.OMETER,  or  Waterfoise,  fig.  82,  an 
instrument  to  measure  the  density  or  gravity  of 
fluids,  is  usually  made  of  glass,  a  round  hollow 
ball  terminating  in  a  long  slender  neck,  herme- 
tically sealed  at  top,  there  being  first  as  much 
running  mercury  put  into  it  as  will  keep  it  swim- 
ming in  an  erect  position.  The  stem  is  divided 
into  degrees,  and  by  the  depth  of  its  descent 
into  any  liquor,  the  lightness  of  that  liquor  is 
ascertained,  for  that  fluid  in  which  it  sinks  least 
must  be  heaviest:  and  that  in  which  it  sinks 
lowest,  lightest.    See  Hydrometer 

ARBOR,  in  Mechanics,  a  spindle,  or  axis,  whereon  a  machine 
turns ;  as,  the  mrhor  of  a  crane,  a  mill,  &c. 

Arbor  Diana,  or  Tree  of  Dianm,  Half  an  ounce  of  fino 
silver,  and  two  drachms  of  mercury,  dissolved  separately  in  a 
quantity  of  aquafortis,  arc  then  mixed  together,  and  poured 
into  a  pint  of  common  water,  and  stirred  about,  that  the  whole 
may  be  well  mixed.  This  preparation  is  kept  in  a  bottle  well 
corked.  In  a  glass  globe,  or  other  vessel,  put  the  amalgam  of 
silver  with  mercury,  the  quantity  of  a  small  nut;  pour  three  or 
four  ounces  of  the  above  liquor  over  it.  and,  some  hours  after, 
there  will  arise  from  the  globular  amalgam  small  branches, 
which,  by  increasing,  will  form  a  beautiful  silver  shrub. 

Arbor  Martis,  or  the  Tree  of  Mars.  Dissolve  iron  filings 
in  aquafortis  moderately  concentrated,  till  the  acid  is  satu- 
rated :  then  add  to  it  gradually  a  solution  of  fixed  alkali,  (oil 
of  tartar  per  deliquium.)  A  strong  effervescence  will  ensue, 
and  the  iron,  instead  of  falling  to  the  bottom  of  the  vessel,  will 
aAerwards  rise,  and  cover  the  sides,  forming  a  multitude  of 
ramifications  heaped  one  upon  the  other,  which  will  pass  over 
the  edge  of  the  vessel,  and  extend  themselves  on  the  outside 
with  all  the  appearance  of  a  plant.— lyi/rer  Tree  on  (wlass.  Put 
a  few  drops  of  the  solution  of  silver  in  aquafortis  on  a  piece  of 
glass,  form  a  bit  of  copper  or  brass  wire  to  represent  n  tree 
with  its  branches,  but  flat,  so  as  to  lie  upon  the  glass ;  lay  it  in 
the  liquid,  and  let  it  remain  for  an  hour  or  two.  A  beautiful 
vegetation  will  be  perceiveil  all  round  the  wire,  which  will 
nearly  be  covered  by  it.  This  may  be  preserved  by  wa.shing  it 
very  carefully  with  water,  and  putting  another  glass  over  it. — 
Lead  Tree,  Dissolve  an  ounce  of  sugar  of  lead  in  a  (|u art  of 
clear  water,  put  it  into  a  glass  decanter  or  globe,  then  &usp4'nd 
in  the  solution,  near  the  top,  a  small  piece  of  line  of  un  irre- 
gular shape.  Let  it  stand  undisturbed  for  a  day,  and  it  will 
begin  to  shoot  out  into  leaves,  and  apparently  to  vegetate.  If 
left  undisturbed  for  a  few  days,  it  becomes  extremely  beauti- 
ful :  but  it  must  be  moved  with  great  caution.  It  nin>  appear 
to  those  unacquainted  with  chemistry,  that  the  piei*e  of  zino 
actually  puts  out  leaves  ;  but  this  is  a  mistake ;  for  if  the  cine 
be  examined,  it  will  be  found  nearly  unaltered.  This  pheii*- 
P 


DTCTIONART  OV  MECHANICAL  6CIINCB. 


nenoa  (■  owinf;  to  tho  cIm  liB*inf;  a  greater  attraction  for 
ozyKCD  than  the  lead  kas,  conaeqiieDiIy,  it  talcea  it  from  the 
oxjde  of  lead,  which  re-appears  in  its  metallic  state. 

ARBUTUS,  or  BBiiBBKHitT.  Its  leaves  are  eniploj;ed  either 
as  a  powder  or  decoction,  in  gravelly  complaint*.  JJoiled  io  an 
acid,  these  leavei  will  djre  brown, 

ARCADE,  an  opening  in  the  wall  of  a  bnildicf;  tbrmeil  by 
an  arch  :  thui,  in  London,  there  is  the  BurlinKtoo  arcade  ;  the 
Royal  arcade,  a  dismal  pauage  behind  the  Opera  House. 

ARCH,  a  portion  of  the  eircumference  of  a  cirr.Ie,  or  onrved 
line;  yet  arches  are  sometimea  straight  lines,  as  the  bcaatiful 
arches  of  the  porlicoofSt  Andrew's  Church,  UIasgow,thau 
which  there  is  not  a  finer  piece  of  architccmre  iu  the  kingdom. 
TViumpW  Akches  are  magnificent  entries  into  cities ;  as  the 
arch  oi  TUua  (tet  tht  PUtt,)  and  that  of  Conitautine,  atHome; 
the  gate  of  St.  Dennis,  Pans,  tec. 

In  fig.  84,  AS'ESB  is  the  ponderating  arch;  AorBthe 
spring  of  the  arch;  D  iU  crown;  AB  iU  >pan;  CD  its 
height,  or  versed  sine,  or  rise;  ADB  the  iotradoa,  or  the 
lower  surface  of  the  arch,  (often  called  the  arcA) ;  S'  E  S  the 
extrados,  being  in  bridges  the  superior  surface,  or  the  road- 
way ;  P  F  the  Hanlts  or  lances;  the  spaces  above  these  are  called 
the  spaadreJls.  the  par  lions  of  atone  retembling  wedges,  which  lie 
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piers  or  Bbotments:  piMS,«henth0j  stand  between  two  neteli- 
honring  arches;  and  abutmenta,  when  they  support  the  arches 
which  are  contignous  to  the  shore ;  the  part  of  the  pier  from 
which  the  arch  livings  is  called  the  impost ;  the  curve  farmed 
by  the  upper  sides  of  the  vonasoirs,  the  Brchivolt ;  and  the  lines 
V  S',  F  S,  about  the  flanks,  tn  which  a  break  is  moat  lilcely  to 
take  plane,  the  joints  of  the  fracture. 

ARCHERS,  the  royal  oompany  of,  in  Scotland,  are  his 
majesty's  body  guards  within  seven  miles  of  Edinburgh;  and 
npon  the  visit  of  hii  majesty  George  IV.  to  this  part  of  his 
dominions,  the  royal  company  of  arehers,  1000  strong,  dressed  in 
their  tarlan  while  and  green,  with  their  standards,  &g.  were 
acknowledged  nnd  received  as  the  body  guard  of  the  aovereign, 
1622.    They  daim  this  privilege  by  a  statute  of  Jamca  I.  1603. 

ARCHES'  COURT,  an  ecclesiastical  court  of  appeal, 
belonginc  to  the  archbishop  of  each  province. 

ARCHIL,  purple  rock  liohcn,  grows  upon  rocks  in  Eng- 
land and  Wales,  and  when  properly  prepared,  imparts  to 
woollen  cloth  a  reddish  brown  ;  or  dnll,  but  durable  crinuon. 
it  Is  sometimes  nsed  as  a  styptic. 

ARCHIMEDES,  of  Syracuse,  one  of  the  greatest  and  most 
eelehralcd  of  the  ancient  mathematicians,  was  bom  in  the 
above  city  atMut  240  years  before  Christ.    The  great  and  com- 

Erehensive  genius  of  this  aathnr  led  him  to  the  study  of  every 
ranch  of  science;  arithmetic,  geometrj,  mechanics,  optics, 
hydrodynamics,  were  alike  the  objeots  of  his  investigations, 
and  experienced  alike  the  powerhil  cfTecis  of  his  superior 
talents.  To  Archimedes  we  owe  the  first  idea  of  the  specific 
gravity  of  bodies,  which  arose  out  of  the  following  circum- 
stance. Iliero,  lung  of  Syracuse,  having  had  rtason  to  sunpect 
that  a  gold:imitb.  who  was  employed  to  make  him  a  crown  of 
gold,  bad  adulterated  the  metal  by  mixing  with  it  a  quantity  of 
silver,  requested  Archimedes  to  endeavour  to  discover  the 
cheat;  which  he  did,  by  procuring  two  masses  of  gold  and 
silver  of  equal  weight  with  the  crown,  which  he  immersed  in  a 
vessel  full  of  water,  and  carefully  noticed  the  quantity  of  wafer 
which  each  displaced  ;  after  which,  he  observed  bow  much  the 


orown  eansed  the  same  water  to  flow  over ;  and  on  enapariag 
this  quantity  with  each  of  the  former,  he  was  able  to  asoettniB 
the  proportions  of  gold  and  silver  in  the  crown.  He  ts  the 
rerjver  at  least  of  the  Egyptian  meehanica. 

AacHiNEDES'   ScKEw,    fig.  80,   or    the    water  snail,  is   a 
machine  for  raising  water,  consisting  efa  flexible  tnbe  rolled 
in  a  spiral  fcm 
ronnd  a  cylinder, 


the  spiral  canal 
by  Its  spedSe 
gravity,  hot  the 
cyUnder  being 
turned,  the  wa- 
ter moves  to  E, 
into  the  eanal,  to 
occupy  the  low- 
^  est  place ;  and 
r^  thnsby  theoon- 
-'  linnal  rotation, 
it  passes  np  to 
H,0,  G,  P,  he. 
to  D,  where  it  is 
to  be  discharged.  The  machine  ia  turned  by  the  winofa  K ; 
the  prop  I R  supports  it,  aad  the  extreme  axis  is  fixed  in  a 
■ocket  P. 

ARCHITECTURB,tfae  artof  Bnlldiog,  has  from  the  aariiest 
periodsof  society  been  cultivated  by  niankind ;  andtheorigia 
of  all  bnildinga  may  be  deduced  from  the  cooatrwetioa  of  the 
meanest  hnts.  These  were,  at  first,  made,  aa  fig.  86,  in  a  canf> 
eal  fignre,  whieh  is  the  aimplest  in  straetnre,  bitt  being  incon- 
^^  venient    oa    account  of  ita   inotined 

sides,  both  the  fignre  and  eoBStrnstioa 
of  the  buts  were  (Aanged,  bj  giving 
tbem  the  form  of  a  eabe.    Uankiad  at 
improved  in  the  ait  of  building, 

invented   methods  of  rendering 

their  habitatioaa  daraUe  and  ooavfr 
nient  The  tnndu  of  trees,  deprived 
of  their  baric  and  oUter  iBoqaatities  of 
anrfaee,  were  tailed  above  the  bamid 
soil  by  nteaDa  of  stones,  and  ooverad 
each  with  a  flat  stone  or  slate,  an 
fig.  B7,  to  exelade  the  rain ;  and  the  iaateratieea  between  the 
enda  of  the  joints  were  closed  with  wax  or  elaj.  The  roof 
~   '        '    "  :;;2i^  was  altered,  and 

El^  elevated  in  the 

-"^  eentre  by  raft- 

era,  to  BOpporl 
the  materials  of 
thecovenDg.and 
1^^^  -  to  carry  off  the 
—  — '  water.  Whoa 
the  mde  builder 
erected  more 
atately  ediflcea,  be  Initated  those  parts  which,  from  necoaii^, 
had  oompoaed  the  primitive  fanta  Tho  upright  trees,  with 
stones  at  each 
end,  became  the 
origin  of  ei^ 
lnmna,baaes.aBd 
oapitalsjandlha 
bMmsjoista.and 
rafters,  as  Sg.M 
which  formed  tiM 
_  oovering,  gave 
■^-^^  rise  to  archi- 
traves, frieaea, 
nie  Ore^,  wbose  goafna  prmnpted  ibeai  to 
combine  eleganee  and  convenience,  derived  their  ideas  of  build- 
ing from  the  Egyptians.  But  the  mind  nfmants  influenced  by 
the  );overnment  under  which  he  lives  ;  the  Greeks,  with  their 
independence,  lost  the  aaceudenoy  in  works  of  geaiua,  aod 
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•atk«dra)  st  DuTham,  the  rained  cboir  at  Orfotd  in  aoffolk,  and 
is  the  e.TJpt  or  ander-croft  orCanterbDir  cathedral. 

The  Florid  Gothic,  fig.  101,  was  admirably  adapted  for 
decorative  sculptured  monaments,  screetii,  altar-piecei,  elabo- 
rate canopies,  ornamental  piDuacloa,  (Mitagoual  niches  end 
■talli,  with  the  croclcet  ornament  atealins  up  the  angle,  the 
pfrainidBl  point,  crowned  with  a  large  flower  or  a  pineapple. 
GtHhie  Arch.  Golhie  Arck,  from 


itj.m. 


-F^ 


iig.nL 


The  areb,  ai  it  was  deacribed  from  two  pointj,  fig.  102,  or  from 
four  pointa,  figi.  102  and  10.3,  potseaied  much  grace  for  pen- 
dant decoration*  of  fruits,  flowers,  and  emblaaonry.  Moreover, 
■onlptares  of  small  imageries  in  the  fretted  roofs,  characterised 
tbia  style.  The  13th  century  was  the  grand 
erk  of  Gothic  tuiary,  when,  and  in  the  snc- 
Meding  centon^  were  erected  the  naxe  and 
west  front  of  York  cathedral,  Litchfield  cathe- 
dral, St.  Stephen's  chapel,  Westminster,  (row 
the  HoDie  of  Commons,)  Mertou  and  New 
College,  Oxford.  Painted  and  atained  glass 
now  added  much  to  the  magniflcence  of  the 
Gothic  windows  in  those  sublime  stmcttirea. 
At  the  western  painted  window  in  the  church 
of  Bataiha,  in  Portugal,  the  fathers  nsunlly 
assemble  in  the  ehoir  to  chant  the  evening 
■errice,  whitst  the  myriada  of  variegated  raya 
which  emanate  from  this  beautiful  window,  resemble  so  many 
beams  of  glory  playing  aroand  them.  Bat  the  use  of  glass  is 
of  early  origin  in  churches,  for  the  monastery  of  Weaimouth 
was  glazed  in  647 ;  and  the  windows  of  York  and  Canterbury 
cathedrals,  so  celebrated  for  their  magniflcence,  are  of  early 
dale.  During  the  I3th  and  14th  centuries,  most  of  the  exteriors 
of  our  Saxon  and  Norman  churches,  as  fig.  105,  were  trans- 
formed into  the  Gothic,  which  completed  the  victory  ol  this  over 
StafK  AreAiteehtre. — Fig.  105. 


CTery  other  atyle  In  the  kingdom.  From  the  end  of  the  14th 
ecDtarr,  no  remarkable  variation  can  be  discovered.  Gothic 
architecture,  at  this  period,  had  been  at  its  height  for  nearly 
two  centnries.  When  Henry  VIII.  began  the  Reformation,  and 
the  disHdation  of  monatleries  took  place,  the  two  nniversiiies 
were  Rt  flnt  incladed  in  the  general  ruin  ;  these  edifices, 
hswerer,  lacred  lo  loicnee  u  well  as  to  religion,  were  saved 


from  that  dilapidation  which  many  of  the  monuteriei  and 
catbedrali  experienced.  The  desolating  bands  of  (hose  reform- 
ers who  succeeded  Henry  VIII.  destroyed  many  of  the  most 
beautiful  specimens  of  this  st;  le  of  architecture,  and  despoiled 
them  of  their  most  beautiful  ornaments.  Caitellated  GoUde 
was  generally  used  in  that  age,  when  the  feudal  ■yaten  ren* 
dered  it  necessary  that  noblemen  shonld  possess  -fortiflad 
castles.  This  style  resembles  the  original  Saxon  and  Nonnan 
architecture. 

Modem  Arehiieeturc. — Gothic  architecture  began  to  decline 
from  the  time  of  Henry  VIII.  A  ^tyle,  in  which  the  Gredan 
and  Gothic  were  mixed  together,  then  prevailed  ;  but  in  tha 
16th  and  17tb  centaries  the  chaste  architecture  of  the  Greeks 
and  Romans  was  revived.  The  first  improvements  look  place 
in  Italy,  whence  they  passed  into  other  parts  of  Bnrope;  and 
thongli  the  Italians  were  long  accoanted  the  first  arcbiteats, 
England  produced  Injgo  Jones  and  Sir  Christopher  Wren,  who 
hold  the  most  exalted  station.  The  bnnqaeting-honse  at 
Whitehall,  queen  Catherine's  chapel  at  St.  James';  the  piaiRB 
of  Covent  Garden,  and  many  other  public  buildings,  are  monu- 
ments of  the  taste  and  skill  of  Inigo  Jones.  The  churehea, 
royal  courts,  stately  halls,  magaaineB,  palaces,  and  pnblic 
structures,  designed  by  Sir  Christopher  Wren,  are  pronid  tro- 
phies of  British  talent  If  the  whole  art  of  building  were  lost. 
It  might  be  again  recovered  in  the  cathedral  of  St.  Panl,  and 
in  that  grand  historical  pillar,  called  the  Monnment.  To  theae, 
we  superadd  Greenwich  Hospital,  Chelsea  Hospital,  the  Theatre 
at  Oxford,  Trinity  College  Library,  and  Emanuel  College, 
Cambridge ;  the  churches  of  St.  Stephen  in  Wallbrook,  St. 
Hary-Ie-bow,  and  fi/ly-fuo  others  in  Loudon,  serve  to  immorta- 
liae  his  memory.  While  we  contemplate  these,  and  many  other 
pnblic  edifices  erected  and  repaired  under  his  direction,  we  are 
at  a  loss  which  most  to  admire — the  fertile  ingenuity,  or  the 
persevering  industry,  of  the  artist.  The  architectnral  history 
of  the  IHIh  centary  differs  from  that  of  preceding  ages  in  two 
essential  circumstances.  The  public  buildings  erected  during 
this  period  are,  in  general,  not  lo  grand  and  massive  as  those 
of  some  former  periods.  But  wbile  they  fall  short  of  splendonr 
and  magnificence,  they  are  superior  to  most  ancient  straotarei 
in  limplicily,  convenience,  neatness,  and  elegance.  Private 
dwellings  have  been  made  more  spacious,  conveoieni,  uid 
agreeable  to  a  correct  taste,  than  in  any  preceding  period. 
The  liberal  use  of  glass,  in  modem  buildings,  contributea 
greatly  to  their  beauty  and  comfort,  and  is  a  point  in  which  the 
ancieats  were  totally  deficient.  In  descending  to  the  variona 
minute  details  of  human  dwellings,  especially  those  which  bare 
reference  lo  elegance  and  enjoyment,  it  is  obvioas  the  artisla 
of  the  16th  century  exceeded  all  others.  During  the  reigD  of 
his  present  gracious  Majesty,  the  artificer  and  architect  bave 
bad  the  fullest  scope  for  the  exercise  nf  their  respective  talents, 
whelbet  we  consider  the  vast  number  of  new  cbnrches  and 
chapels  that  have  been  erected,  and  that  are  still  biuldin(f;  or 
Sttpnti/  Ntw  Chureh.~Fig.  108. 


the  extenslre  Improreinenta  which  the  netrepoHs  has  Qnder- 
gOde.    But  all  tkese  are  ontdooe  hf  the  bnildlngs  in  the  New 
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tlM  eailh  is  at  this  season  of  the  year  in  Libra,  and  the  snn,  as 
seen  from  the  earth,  appears  in  Aries.  The  boandaries  and 
contents  of  this  constellation  are,  north  by  Triangula  and 
Mnsca,  east  by  Taurus,  south  by  Cetus,  and  west  by  Pisces. 
This  si{cn  contains  66  stars,  viz,  one  of  the  2d  magnitnde,  one 
of  the  3d,  two  of  the  fourth,  &c.  The  chief  star  in  Aries,  called 
a  Arietis,  is  situated  in  his  forehead.  Its  declination  is 
220  3Qr  ^/^  ^„^  |t3  right  ascension  TOP  \5f  30".  It  rises  on  the 
N.  £.  I E.  point  of  the  compass,  at  London,  and  culminates  on 
the  first  day  of  each  month,  as  in  the  following  Table :  Meri- 
dian Altitude,  6°  &  30". 


Month. 

Rises. 

COLM. 

Month. 

Rises. 

ho.  mi. 

ho.  mL 

ho.  mi. 

Jan. 

11     0  M. 

7  15    A. 

July 

10  50    A. 

Feb. 

8  37  M. 

5     0   A. 

Ang. 

9     0   A. 

Mar. 

6  45  M. 

S  15   A. 

Sept. 

7     0   A. 

April 

4  56  M. 

1  15   A. 

Oct 

6  15    A. 

May 

S     0  M. 

11  SO  M. 

Not. 

S  20   A. 

Jane 

1     0  M. 

9  30  M. 

Dec. 

1  15   A. 

Culm. 

ho. 

mi. 

7 

5 

M. 

5 

5 

M. 

S 

8  M. 

1 

18 

M. 

1 

30 

A. 

9  30   A. 

ARISTiEUS,  an  eminent  geometrician  of  Crotonia,  who 
li?ed  330  years  before  Obrist ;  and  was  author  of  five  books  on 
the  Conic  Sections,  which,  however,  have  never  been  transmit- 
ted down  to  us,  though  those  of  his  contemporary  Menechmns, 
have  been  preserved. 

ARISTA RCH  US,  a  celebrated  Greek  astronomer  and  phi- 
losopher, born  at  Samos,  flourished  about  the  middle  of  the 
third  century  before  Christ.  Aristarchus  is  well  known  to  have 
maintained  the  modem  opinion  with  regard  to  the  motion  of 
the  earth  round  the  sun,  and  its  revolution  about  its  own  centre 
or  axis.  He  also  taught,  that  the  annual  orbit  of  the  earth  is 
but  merely  as  a  point,  compared  with  the  distance  of  the  fixed 
stars.  He  determined  the  distance  of  the  sun  from  the  earth,  and 
concluded,  that  it  contained  at  least  18  or  20  times  that  of -the 
moon  from  the  earth.  Aristarchus  likewise  found,  that  the 
diameter  of  the  moon  bears  a  greater  proportion  to  that  of  the 
e^rth,  than  that  of  43  to  108,  but  less  than  that  of  19  to  60 ;  so 
that  the  diameter  of  the  moon,  according  to  his  statement, 
should  be  somewhat  less  than  a  third  part  of  the  earth.  He 
also  estimated  the  apparent  diameter  of  the  sun  at  the  720th 
part  of  the  zodiac.  Besides  his  astronomical  discoveries, 
Aristarchus  invented  a  peculiar  kind  of  hemispherical  sundial. 
The  only  work  of  this  ancient  astronomer  now  extant,  is  a 
treatise  *'  on  the  Magnitude  and  Distances  of  the  Sun  and 
Moon/'  published  by  Wallis,  with  his  own  notes,  and  Com- 
mandine's  version  at  Oxford,  in  1683,  8vo. 

ARISTOLOCHIA,  birthwort. 

ARISTOTELIAN,  any  thing  relating  to  the  doctrines  or 
philosophy  of  Aristotle. 

Aristotelian  PhUewphv,  the  philosophy  taught  by  Aristotle, 
and  maintained  by  his  rollowers.  It  is  otherwise  called  the 
Peripatetic  Philosophy,  from  their  practice  of  teaching  while 
they  were  walking.  The  principles  of  Aristotle's  philosophy 
are:  Instead  of  the  more  ancient  systems,  he  introduced 
matter,  fomif  and  privation^  as  the  principles  of  all  things ;  but 
it  does  not  appear  that  he  derived  much  benefit  from  them  in 
natural  philosophy.  His  doctrines  are  for  the  most  part  so 
obscurely  expressed,  that  it  has  not  been  yet  satisfactorily 
ascertained  what  his  sentiments  were  on  some  of  the  most 
important  subjects.  He  attempted  to  confute  the  Pythagorean 
doctrine,  concerning  the  two-fold  motion  of  the  earth;  and  pre- 
tended to  demonstrate,  that  the  matter  of  the  heavens  is  unge- 
nerated,  incorruptible,  and  not  subject  to  any  alteration ;  and 
he  supposed  that  the  stars  were  carried  round  the  earth  in 
solid  orbs. 

ARITHMETIC,  the  science  of  numbers,  whose  several  rules 
of  Addition,  Subtraction,  &e.  will  be  found  under  their  respec- 
tive heads.  The  marked  superiority,  indeed,  of  our  present 
numeral  system  over  that  of  the  ancients,  is  so  conspicuous, 
that  since  the  time  of  its  first  introduction  into  Europe,  nearly 
all  knowledge  of  the  more  imperfect  and  obscure  methods 
before  used  is  obliterated  and  forgotten  ;  and  even  the  slight 
▼estiges  of  tliese  abandoned  monuments,  which  now  remain, 
have  become  so  rare  and  difficult  to  be  traced,  either  in  the 
original  works,  in  which  they  might  be  expected  to  be  found, 
jtif  in  the  commentaries  and  translations  of  later  writers,  that 
^cept  from  the  scanty  relation  that  baa  been  given  of  them  by 


Wallis,  and  the  more  recent  and  ample  detail  of  Delambre, 
but  little  further  information  can  be  expected  on  the  subject ; 
particularly  as  it  is  now  well  known,  that  the  authors  of  most 
of  the  early  performances  in  which  these  methods  were  em- 
ployed, have  contented  themselves  with  barely  giving  the 
results  of  calculations,  without  shewing  tbe  nature  of  the 
process,  or  the  difi'erent  steps  of  the  operation. 

ARK,  a  floating  vessel  built  by  Noah,  about  which,  all  beyond 
the  account  of  scripture,  is  mere  conjecture,  and  had  much 
better  be  omitted  in  this  work.  The  truth,  as  related  under 
the  unerring  direction  of  the  divine  Spirit,  is  found  in  Genesis. 

Ark  of  the  Covenant,  a  chest  in  which  the  Israelites  kept  the 
golden  pot  that  contained  the  manna,  Aaron's  rod,  and  the 
tables  of  the  covenant. 

ARMED,  a  cross-bar  is  said,  by  sailors,  to  be  armed,  when 
some  rope  yam,  or  the  like,  is  rolled  about  the  end  of  the  iron 
bar,  which  runs  through  the  shot.  In  Heraldry,  the  horns,  feet, 
beak,  and  talons  of  birds  of  prey,  are  armed,  when  of  a  diffe- 
rent colour  from  tbe  body.  An  armed  ship  is,  properly,  one  of 
tbe  government  vessels.    See  Ship  of  War. 

ARMI6ER,  a  title  of  dignity  to  such  gentlemen  as  are 
entitled  to  bear  arms  by  courtesy  or  creation. 

ARMILLARY  Sphbre,  an  artificial  sphere  composed  of 
various  brass  circles,  to  illustrate  tbe  imaginary  lines  with 
which  the  earth  is  supposed  to  be  surrounded.   See  Sphere. 

ARMOUR,  a  defensive  dress,  worn  to  secure  tbe  body  in 
battle,  &c. ;  armour  cap-a-pie  consisted  of  a  casque  or  hehn, 
gorget,  cuirass,  gauntlets,  tasses,  br assets,  cuishcs,  and  covers 
lor  the  legs,  to  which  the  spurs  were  fastened.  Lastly,  tbe 
horses  even  had  their  armour  to  cover  the  head  and  neck. 

ARMOURY,  a  storehouse  for  arms;  as  the  Tower,  the  arsenal 
of  Woolwich,  &c.  In  Heraldry,  srms  are  marks  of  dignity  and 
honour,  and  are,  like  titles,  hereditary;  expressing,  on  the  ield 
of  the  escutcheon,  the  degree,  merit,  and  quality  of  the  original 
bearers.  The  ancient  armour  was  tried  and  proved  by  raising 
it  to  a  sufficient  height,  and  then  letting  it  fall  on  a  large  stone 
or  pavement :  if  it  was  not  injured  by  fracture,  it  was  good. 

ARMY,  a  large  number  of  soldiers,  consisting  of  horse  and 
foot  completely  armed,  and  provided  with  artillery,  ammuni- 
tion, provisions.  &c.  under  the  command  of  one  general-officer, 
having  under  him  a  general  of  horse  and  one  of  foot,  a  m^ior- 
^eneral  for  every  two  brigades,  and  nearly  half  as  many 
lieutenants-general. 

ARNICA,  leopard's  bane. 

AROMATIC  VINEGAR,  an  acetic  solution  of  camphor,  oil 
of  cloves,  oil  of  lavender,  and  oil  of  rosemary ;  take  a  sufficient 
quantity  of  each  to  make  it  pleasant,  and  mix  them  together. 

ARPENT,  a  measure  of  an  100  perches  square. 

ARRAIGNMENT,  in  Law,  to  call  a  person  to  answer  in 
form  of  law  upon  an  indictment;  and  the  Array  is  the  ranking 
or  setting  forth  of  a  jury,  or  inquest  of  men  impannelled  on  a 
cause.  An  Arrest,  is  the  restraint  or  beginning  of  imprison- 
ment of  one's  person,  by  a  lawful  warrant,  and  is  either  etvt/  or 
criminal.  When  any  one  is  arrested  for  a  criminal  oflTence,  the 
officer  who  arrests  him  is  bound,  (by  the  habeas  corpus  act.) 
under  heavy  penalties,  to  deliver  to  the  prisoner,  or  his  agent, 
within  six  hours  after  demand,  a  copy  of  the  warrant  of  com- 
mitment, in  order  that  no  one  may  be  imprisoned  from 
malice  or  revenge,  or  without  knowledge  of  the  charge  against 
him.  In  case  such  copy  is  denied,  on  complaint  in  writing 
on  oath,  the  lord-chancellor,  or  any  of  the  twelve  judges, 
provided  it  is  a  bailable  offence, — or  on  affidavit,  that  a  copy 
IS  denied, — can  award  a  writ  of  habeas  corpus  for  such  prisoner 
to  be  brought  immediately  before  him ;  and  he  is  obUg^  to 
discbarge  the  party,  on  receiving  bail.    See  Assize. 

ARRESTS,  in  Farriery,  mangy  tumors  upon  a  horse's  hinder 
logs,  between  the  ham  and  the  pastern. 

ARRONDEE,  in  Heraldry,  the  curved  cross,  whose  arms 
terminate  in  the  edge  of  the  escutcheon. 

ARSENAL,  a  royal  or  public  magasine,  for  the  making  or 
keeping  of  arms,  naval  or  military  furniture  and  equipments. 
&c.,  as  the  arsenal  of  Woolwich,  of  Toulon,  &c. 

ARSON,  the  malicious  burning  of  a  bouse,  &c.  of  another 
man,  which  is  felony  at  common  law. 

ART,  the  application  of  knowledge  to  practice :  hence  we 
have  the  terms  usrfmL  or  mtfcAcme,  liberal  or  polite  arts :  the 
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^th^.  boiipdary  between  Bo  rope  and  Asia;  the  Altaian  chain, 
^flXtenduiR:  0000  miles  across  the  centre  of  Asia ;  the  mountains 
of  Tibet,  the  hi^est  on  the  globe,  being  in  one  place  above 
26,000  feet  above  the  level  of  the  sea;  Mount  Taurus;  the 
Caucasian  chain,  Mount- Ararat,  Lebanon,  and  the  Gauts  of 
Hindostan.  The  chief  rivers  are  the  Obe,  the  Bnissei,  the 
Lena,  the  Amour,  the  Iloan-ho,  tlie  Kian-ku,  the  Maykaung, 
the  Maygne,  the  Trawadcly,  the  Burrs mpuet,  the  Ganges,  the 
Indus,  the  Godavcry,  the  Kistiia,  the  Euphrates,  the  Tigris,  and 
the  Wolga.  The  canals  of  Cliiaa  are  very  numerous,  and 
facilitate  commerce  in  all  directions ;  while  the  magnitude  of 
the  Ganj^cs,  the  Indus,  und  many  other  rivers,  admits  of  an 
uninterrupted  navigation  for  nearly  1000  niilos,  for  vessels  of 
200  tons  burden.  The  Asiatic  islands  are  the  Laccadive  and 
Maldive  islands,  Ceylon,  the  Nicobar  and  Andaman  isles;  the 
Japanese  islands,  the  Eastern  Archipelago,  Austral- Asia,  and 
Polynesia. 

Turkey  in  Asia. — This  region  is  divided  into  nine  provinces, 
extending  from  the  shores  of  the  Archipelago,  in  Europe,  to 
Persia ;  and  these  provinces  are  subdivided  into  governments 
arbitrarily  ruled  by  pashas,  or  military  commanders.  The 
provinces  arc,  Natolia,  in  the  west ;  Karoman,  in  the  south  ; 
and  Roum,  in  the  north-east;  Guria,  Mingrelia,  Ciroassia, 
north  of  Armenia,  or  Turcomania,  and  south  of  it  are  Kurdish- 
tan  and  Irak-Arabi ;  Mesopotamia,  and  Syria.  The  population 
is  estimated  at  ten  millions,  and  of  this  mass  of  human  beings, 
one  half  are  pastoral  wanderers,  without  industry,  arts,  or 
civilization.  The  chief  cities  are,  Aleppo,  with  a  population  of 
250,(K)0  inhabitants ;  Damascus,  containing  100,000  souls ; 
Smyrna,  120,000;  Prusa,  60,000;  Angora,  80,000;  Tokat,  60,000; 
Bassora  50,000 ;  and  Bagdat,  40,000.  Aleppo  is  famous  for  its 
manufactures  of  silk  and  cotton ;  and  its  numerous  mosques, 
surmounted  with  white  minarets,  and  relieved  in  tho  distant 
landscape  by  the  tall  cypresses,  give  this  elegant  city  a  most 
picturesque  appearance.  Damascus  for  its  swordblades  is 
unriv ailed ;  and  its  manufactures  of  silk,  cotton,  and  soap,  are 
very  considerable.  Smyrna  is  the  chief  mart  of  European 
trade  on  the  shores  of  the  Levant ;  but  the  pestilence  retards 
its  prosperity.  The  climate  is  most  excellent ;  and  though  the 
soil  be  in  goneral  good,  agriculture  in  Syria  is  in  a  most 
wretched  coadition.  The  chief  rivers  are  the  Euphrates,  the 
Tigris,  the  Kiisil-lrmak,  or  Halys  of  antiquity;  the  Meander; 
the  Sara  bat,  or  ancient  Hermus ;  and  the  Orontes,  in  Syria. 
The  lakes  arc.  Van.  in  Kurdistan ;  the  Dead  Sea,  in  Syria ; 
the  Tata,  or  Palus  Salsa,  of  Asia-Minor ;  Ulubad,  in  Natolia, 
and  the  Isnick.  The  mountains  are,  the  Taurian  Chain  ;  the 
Caucasian  mountains  ;  Ararat,  in  the  east  of  Armenia;  Leba- 
non, in  S\ria;  Olympus  and  Ida,  on  the  east  of  the  Archi* 
pelago.  These  mountains  are  clothed  with  immense  forests  of 
pine-trees,  oaks,  beeches,  elms,  and  other  alpine  trees,  which 
furnish  safe  retreats  to  tigers  of  the  smaller  breed,  hyaenas, 
wild  boars,  troops  of  jackals  ;  and  the  ibex  roves  on  the  sum- 
mit of  the  Caucasus ;  while  Angora  is  celebrated  for  its  singu- 
lar gnats  and  cats,  from  whose  wool  are  manufactured  Angora 
shawls,  &c.  The  islands  belonging  to  Asiatic  Turkey  arc, 
Mytilene,  Sclo,  Samos,  Cos,  and  Rhodes.  Mytilene  is  moun- 
tainous, but  agreeably  diversified  with  olive  gardens,  vine- 
yards, and  plantations  of  myrtle.  The  climate  is  exquisite, 
and  the  c^iast  is  finely  indented  with  numerous  creeks  and 
havens.  Scio,  or  Chios,  contains  about  60,000  inhabitants; 
and  the  Greeks  make  a  decent  livelihood  in  the  cultivation  of 
mastic  gum,  for  the  ladies  of  the  sultan's  harem.  Samos,  with 
a  population  of  12.000  Greeks,  is  famous  for  its  pottery,  its 
honey,  and  wax.  Cos  is  covered  with  groves  of  lemon-trei*s. 
Rhodes,  whose  population  is  30,000.  was  once  celebrated  for 
its  colossal  status;  in  bronze,  and  its  having  been  possessed  by 
the  knights  of  St.  John  uf  Jerusalem.  Cyprus  is  fertile,  but 
'  «frrienlture  is  negiceted.  Its  wines  and  oranges  are  oxoellent, 
and  its  hills  are  bedecked  with  the  most  beautiful  flowers. 

Russia  in  Asia. — The  Russian  empire  extends  along  the 
whole  of  Asia.  If  we  compute  the  deirreo  of  longitude  in  that 
high  latitude  at  ."^O  miles,  the  leu;^th  (r4cknning  from  37°  east 
lonffitudt\  to  171)^  nest  longitude)  will  be  about  45(K)  geoera*. 
|:diicai  luiies  ;  and  its  mean  breadth  caniiat  be  leas  than  IMOO 

K#s,  esiiniatiiig  trom  Cape  Vostouhnoi  to  the  sea  of  Baikal. 
» aacioQt  name  of  ibis  vast  empire  was  Siberia.    The  popu* 


Istioii  of  this  extensive  empire  is  almost  all  of  primitive  origin,* 
consisting  of  Samoides,  Monguls,  Kalmucks,  Tartars,  kc.  And 
they  profess,  according  to  their  tribes,  the  Mahommedan  reli- 
gion, that  of  the  Greek  chureh,  or  the  superstition  of  Dalai* Lama, 
&c.  The  government  of  Siberia  is  divided  into  two  branches, 
that  of  Tobolsk  in  the  west,  and  Irkutsk  in  the  east ;  and  the 
population  does  not  exceed  tiiree  millions  and  a  half.  The  Tar- 
tars are  generally  hunters,  or  herdsmen,  feeding  horses,  camels, 
oxen,  sheep,  and  goats  ;  and  their  women  busy  themseWca  im 
tanning  leather,  gardening,  and  providing  winter  provisions. 
The  Kalnmcks  are  divided  into  three  classes,  nobles,  clergy, 
and  people,  and  the  power  of  their  chief  consists  in  the  Bam- 
ber  and  opulence  of  his  subjects.  The  Monguls  are  of  short 
stature,  with  a  ilat  visage,  snmll  oblique  eyes,  tliick  lips,  mod 
short  clun,  from  which  depends  a  scanty  beard.  Their  hair  is 
black,  and  their  complexion  a  yellowish  brown.  Like  all  pas- 
toral tribes,  they  are  docile,  hospitable,  and  active,  but  voliip- 
tuous ;  and  hence  industry  is  a  virtue  entirely  confined  to  the 
femtJes.  Wandering  in  herds  in  quest  of  sustenance  for  their 
flocks,  with  murh  mirth  they  amuse  themselves  in  horse-racing, 
archery,  wrestling,  pantomime,  dancing,  cards,  and  chess. 
The  chief  cities  are,  Astracan,  at  the  mouth  of  the  Wolga : 
Azof,  Tobolsk,  Kolyvan,  on  the  Ob  ;  Irkutsk,  the  chief  mart  of 
commerce  between  China  and  Russia.  The  chief  manofac- 
tures  are,  leather,  salt,  isinglass,  kaviar,  (the  salted  roe  of  a 
large  fish,)  and  pitch ;  and  the  chief  articles  of  oommeree  are 
sables,  furs,  hides,  rhubarb,  and  raw  silks,  w  hich  are  exported, 
or  exchanged,  for  tea,  silk,  porcelain,  wine,  fruit,  000*66,  rice, 
woollen  cloths,  iron,  and  household  goods.  In  so  extensive  a 
country  the  climate  and  soil  arc  very  various ;  though  in  general 
the  former  be  frigid  rather  than  temperate,  the  latter  night  be 
cultivated  to  great  advantage  in  the  southern  and  western 
districts,  were  the  peasantry  not  sold  as  slaves  with  the  ground 
they  tread  on.  The  chief  rivers  are,  the  Ob,  navigable  alsMst 
to  its  source,  and  abounding  in  fish  ;  the  Yenidei,  issuing  from 
tlie  Baikal,  or  Holy  Sea;  the  Selinga.  flowing  into  the  Baikal; 
the  Lena,  of  great  breadth,  and  full  of  islands ;  the  Wolgay  the 
Amur,  and  the  Onon.  The  chief  lakes  are,  those  of  PiasiniikQ, 
in  the  north ;  the  Baikal,  in  the  south ;  the  lakes  of  Tcbany  and 
Soumi,  between  the  Ob  and  Irtish ;  the  Bagdn,  to  the  north  ef 
the  Caspian,  is  salt  water,  as  is  also  the  Atlan-Nor,  or  Gold 
Lake.  The  mountains  are,  the  Uralian  chain ;  Bogdo-AUa, 
adjoining  the  Mongolian  desert ;  the  Altaian  ehain ;  the 
Schlanganberg,  rich  in  minerals,  as  arc  also  the  mountains  ef 
Nenshinsk;  the  mountains  of  Ochotsk,  many  branches  of 
which  consist  of  red  and  green  jasper;  and  the  classical  CaiH 
casus,  whose  summits  are  crowned  with  everlasting  ice  and 
snow.  Asiatic  Russia  abounds  in  forests  and  itepps,  or  exten- 
sive level  plains,  which  resemble  the  sandy  bed  of  a  sea,  with 
scattered  patches  of  thin  grass,  stunted  thickets,  spots  of  salt, 
and  saline  lakes.  In  the  forests,  the  terrible  urns  and  the  bear 
range ;  the  argali,  or  wild  sheep,  and  the  ibex,  or  rook  goat, 
inhabit  the  Caucasus  ;  Che  rein  deer  performs  the  olice  of  the 
horse ;  tho  mountains  of  Baikal  abound  in  large  stags ;  and  the 
white  foxes  of  the  Eastern  Archipelago  rival  the  monkey  in  mis- 
chievous tricks.  The  isles  belonging  to  Asiatic  Russia  are,  the 
Aleutian  isles  on  the  east  of  Kamsehatka,  the  Andrenovian  or 
Fox  Islands  on  the  west  of  the  former  ;  and  the  Kurilian  isles, 
extending  from  the  south  of  Kamsehatka  to  Japan.  Several 
of  these  isles  are  volcanic ;  and  thcv  all  swarm  with  foxes. 

The  Chinese  Empire. — This  vast  empire  extends  in  an 
easterly  direction  4200  geographical  miles,  and  southerly  1740 
miles.  By  glancing  at  the  map  of  Asia,  ue  perceive  it  stretch- 
ing from  the  Pacific  Ocean  to  the  river  Sihon,  and  from  the 
Uralian  mountains  to  the  tropic  of  Cancer.  It  is  divided  into 
three  parts,  China  Proper,  the  kingdom  of  the  Mandshurs  and 
Monguls,  on  the  north  ^dwest,  and  the  territory  ofTibeL 

I.  China  Proper. — China  Proper  (extending  from  the  great 
wall  in  the  north  to  the  Chinese  sea  in  the  south)  is  1 140  gtH)- 
grsphical  miles  long;  and  in  breadth  (from  the  shores  of  t  lie 
Pacific  to  the  frontiers  of  Tibet)  it  is  computed  at  880  geogra- 
phical miles.  The  religion  is  polytheism.  Tlie  guvernmeui 
patriarchal :  hence  the  amasing  population  and  general  cAxe 
and  happiness  of  the  people.  The  populcition  amounts  to  three 
hundred  and  thirty-three  millions  of  souls,  the  army  is  one 
miliiuii,  and  the  revenue  amounts  to  nine  millions  sterling. 
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The  fralurefl  of  the  Chinrie  proclaiiii  their  affinity  with  the 
Tartars,  Mod^euIs,  and  Mandshurs;  and  thouf^h  they  appear 
hiichJy  civilized,  science  it  still  in  iu  infancy  among;  them,  and 
■ustV«er  be  so.  where,  from  age  to  age,  genius  is  cramped  by 
the  ridldrrn  foil  owing  the  business  of  their  fathers*     The  chief 
cities  are  I'eLin  and  Nankin  ;  tlie  former  possessing  a  popula- 
tioa  of  three  millions  of  souls,  and  the  latter  is  >et  mon*  exten- 
sive.    In  Canton  there  are  a  million  and  a  half  of  inhabitants. 
The  characters  of  the  Chinese  people  in  the  diflferent  pro\inoes 
are  thus  portrH)ed  in  the  lust  court  calendar  of  the  celestial 
enpirr. — I.  I'rking.  or  Shun-tron-foo.     The  people  are  strong 
ami  brave ;  silent,  famous  for  politeness  and  justice  ;  plain, 
soceremonious.  and  moral,  regenerated  by  their  vieinit>  to  the 
enperor. — Paou-ting-foo.     Literati  nut  endowed  with  remark- 
able talents,  and  ugrieultural  people. — Yung-ping-foo.  The  lite* 
mi  value  their  reputation ;  a  frugal  people,  attentive  toagricul- 
lorr. — Tee-tsin-ftK).  A  mi\t'il  people  from  every  part  of  the  coun- 
try ;  gay  and  extravagant,  some  frugal. — *2.  Keang-see — Keang- 
niB-foo.  An  extravagant  people,  n  greatnumber  of  literati. — Sno- 
chow.     The  scholsLs  are  ver>  polite,  and  the  people  taught  to 
love  each  other.     Their  manners  are  pure,  aud  instruction  has 
a  pow  c-rful  effect. — Suug-keang-foo.    The  literati  are  studious, 
the  people  eminent  for  bene\olence. — 3.  Gan-hwuy.     A  light 
imsteady  people  ;  economical,  and  of  good    appearanee.-—4. 
Keaiig-!ie.    The  literati  are  partial  to  classical  learning,  the  peo- 
ple attentive  to  husbandry. — 5.  Che-keang. — Hang-ehow-foo. 
Gems  and  rarities  are  here  collected.    Foreign  and  home  trade 
are  united.    The  people  are  genteel  and  elegant.    The  literati 
IK  ^ery  methodical. — 0.    Fo-keen,    Fo-ehow-foo.      Inwardly 
HDccre.  and  of  a  gay  exterior  ;  very  attentive  to  business,  and 
vilne    economy. — 7.    Hoc- pee,  Woo-chang-foo.     A    mixture 
from  every  part  of  the  empire.     Every  family  observes  its  own 
rxstoms.     The  Chinese  roads  are  excellent,  and  no  country 
excels  this  in  inland  navigation.     Irrigation  is  very  well  prae- 
Uicd,  husbandry  is  neat  and  clean,  and  the  emperor  himself  is 
not  ashamed  to  hold  the  plough  in  its  season,  and  sets  an  an- 
nal  example  of  tlie  veneration  due  to  the   chief  branch   of 
hunan  industry.    The  lakes  are  noble   and   extensive,  and 
tfurd  \Ai\  (]uantities  of  Gsh,  which  arc  taken  by  trained  birds. 
He  ri*ers  are  the  Kian-ku  and  the  Uoan-ho.    The  mountains, 
ttsQKfa  numerous,  have  not  >et  been  accurately  described :  and 
fXAxpt  in  tiii^  loftiest  districts,  cultivation  has  annihilated  all 
tke  Krcat   forests.     Yet  tigers,  buffaloes,  wild  boars,  bears, 
riuoreroses,  camels,  and  deer,  find  ample  shelter.  The  common 
people  pound  their  coal  with  water,  and  bake  it  in  cakes  for 
uc.   The  Chinese  islands  are  Formosa,  Hainan,  and  the  isles 
of  Uoo-keoo,  between  Formosa  and  Japan.    Their  inhabitants 
fca  a  civilized  kingdom,  subject  to  China,  and  their  manners 
•pprnr  mild,  affable,  cay.  and  temperate. 

U.  Chinese  Tarlary. — Chinese  Tartary,  or  Mongolia,  ex- 
tcsdi  n\er  the  vast  regions  between  Tibet,  China,  and  the  Arc- 
be  Ikran :  and  from  the  Black  Sea  to  the  north-eastern  boun- 
darici  nf  Asia.  That  is  to  say,  from  72°  to  146^  east  longi- 
Hdc.  or  »e«enty-three  degrees,  equal  to  3I(M>  geographical 
Kilts,  taking  the  medial  latitude  at  16^ ;  and  from  the  Rus- 
■unroniines  to  Tibet,  its  breadth  of  IK^  will  give  1,080  geo- 
KTipkiral  miles.  The  religion  is  called  Shumanism,  or  the 
Uirf  in  a  Supreme  Author  of  nature,  who  governs  the  uni- 
vfTK  \,y  the  agency  of  numerous  inferior  spirits  ;  but  a  living 
Um.  or  embodied  spirit,  is  acknowledged  and  worshipped  ; 
Uiikis  Lama  is  a  human  being  like  ourselves!  The  princes 
f^  bonuge  to  the  Chinese  empire ;  the  population  amounts 
*i  iboat  six  millions  of  souls ;  and  the  whole  country  is 
dinded  by  the  Chinese  into  the  three  great  governments  of 
^*kis»aag.  Kiren-oula,  and  Tsitchicar  ;  while  the  territory  of  the 
^^ririj  or  Kalmucks  comprises  (lete.  Little  Bucharia,  and  the 
'^•Btiks  of  Turfan.  Tlic  chief  towns  are,  Caihgar,  Yark- 
i*^  sad  Kotan,  in  Little  Bucharia;  Turfan,  Ilami,  Chumi; 
^otciiu«  llotun,  Tsitrbikar,  Merguen,  Petouna,  Kirin,  and 
'liuuta  The  chief  city  of  Corea  is  Kinkatao.  The  chief  trade 
^\hnv  plarcs  lies  in  pearls,  horses,  musk,  and  furs.  Corea  is 
'^r^rated  for  the  most  exquisite  horses,  only  three  feet  hish. 
A  ftarr  of  this  breed  was  exhibited  in  London,  in  IK20.  The 
?^autc,  in  Keiirral.is  as  mild  as  thai  of  France  and  Spain,  and 
^rrrai  TaUe  Plain,  extending  from  80^  to  110"  east  lonxi- 
^4%,  (ft  l3dtt.sf<waphicAl  milMi  is  the  aost  siagular  feature 


in  the  face  of  the  eoantry.  In  all  Chineie  Tartary 
dominating  substance  of  soil  is  black  sand,  and  agrimiltvw^ 
is  wholly  neglected.  The  chief  rivers  are,  the  Amur  or  Saga- 
lian-Oula ;  the  Yarkand.  and  the  Hi ;  the  former  falling  info 
the  lake  of  Lop,  the  latter  into  that  of  Balkash  or  Trngis.  The 
mountains  are,  the  Imauan  chain,  or  the  l>ark  Mountains  of 
Belnr  Tag  ;  those  of  the  RusNian  frontier,  and  the  mountaina 
of  Tibet,  The  island  of  Sagalian.  or  Tchoka,  *240  miles  north 
of  Jesse,  is  mountainous  towards  the  centre,  bat  the  simres 
are  adapted  to  agriculture ;  and  the  natives  dress  in  loose 
robes  of  skin,  anil  live  in  huts,  a  mild  and  intelligent  race,  nn- 
like  the  Manshurs. 

III.  Tibet. — Tibet  is  about  13.ii>i:eoffraphieal  miles  long,  and 
48U  broad,  extending  from  the  7.^ith  to  the  101  st  degree  of  ea*(t 
longitude ;  and  from  the  *27th  to  the  .ITiih  degree  of  north  lati- 
tude. It  is  divided  into  Upper,  Middle,  and  Lower  Tibet ; 
the  first  comprising  the  province  of  Nagair,  full  of  stupendous 
rocks,  covered  with  eternal  snow ;  the  central  region,  embra- 
cing the  provinces  of  Shang,  t>ii,  and  Kiang ;  while  I^owerTibi  t 
includes  the  provinces  of  Taklio,  Congbo.  and  Kahang.  The 
religion  of  the  Tibetians  is  closely  allied  with  the  HindiHi  faith ; 
but  differs  essentially  in  its  ceremonies.  For  instanee.  the 
Tibetians  assemble  in  temples,  chant  in  alternate  recitative 
and  chorus,  accompanied  by  instruments  of  musir ;  and  they 
have  numerous  monasteries,  inhabited  by  hosts  of  gghnyw  or 
monks,  and  annetM  or  nuns.  In  a  word,  they  resemble  the 
Catholics.  The  ruling  government  is  spiritual,  bnt  a  secular 
regent  manages  the  affairs  of  the  half  million  of  people  who 
inhabit  Tibet.  Tlie  revenue  of  the  Lama,  or  pope,  and  of  the 
secular  princes,  is  trirting.  And  it  is  a  remarkable  fact,  that, 
in  regard  to  polygamy  here,  the  women  indulge  themselves 
with  pluralities  of  hushanda,  Tlie  ehic'f  city  is  Lassa,  seven 
miles  east  of  which  is  the  palace  of  the  Lama,  or  pope.  Bridges 
of  chain  are  common,  passing  fn>m  preeipicn  to  preripiro.  Ami 
though  there  is  a  great  want  of  industry,  the  shawls  of  Cash- 
mi  r  are  manufactured  from  the  goats'  hair  i&f  Tibet.  The 
climate  of  Bootan  is  temperate,  compared  witli  that  of  Tibet 
Proper,  whose  distinguishing  rharacteri sties  are  extreme  ari- 
dity and  parching  eold.  And  though  Bootan  be  rfivered  with 
eternal  verdure,  Tibet  Proper  presents  a  peculisrly  nakefl 
aspect,  indicative  of  rich  ores.  Its  abundance  and  variety  of 
wild  fowl  and  game,  its  flocks  of  sheep  and  goats,  and  herds  of 
cattle,  have  been  noticed  by  all  travellers,  in  al!  limes.  The 
chief  river  is  the  Sampoo  or  Burrampooter.  but  many  of  tlir 
Asiatic  rivers  have  their  sources  in  Tibet,  whose  inoantain^ 
are  the  Alps  of  Asia. 

Japan. --Japan  consists  of  several  islands,  extending  from 
the  30th  to  the  41st  degree  of  north  latitude,  and  from  the  13l<it 
to  the  142d  degree  of  east  longitude.  The  chief  of  these  islaniU 
are  Nipon  and  Jesso ;  but  the  whole  arc  divided  into  provinees 
and  districts,  with  as  much  method  as  the  most  riviliaeil 
oountries  of  Europe.  The  established  religion  is  polytheism  : 
the  people  abstain  from  animal  food,  and  detest  bloodshed  ; 
and  viewing  the  gods  as  beings  dispensing  happiness,  thry 
solemnise  their  festivals  and  modes  or  worship  with  chrerfni- 
ness  and  even  gaiety ;  nor  are  they  without  monks  anci  \\\\f\% 
of  different  orders,  as  in  Tibet.  The  government  is  inimarehi- 
cal,  and  each  province  is  ruled  by  a  resident  prince,  who.  m 
pledge  of  his  good  administration,  is  obliged  to  leave  his  family 
as  hostages  at  the  emperor's  court.  And  the  laws  beinir  few. 
but  riiridly  enforced,  without  reipard  to  persons,  ]tnrlialitv.  itr 
violence, are  posted  up  in  every  town  and  village.  Tlir  popu- 
lation amounts  to  thirty  millions  of  souU,  and  ihe  army  to 
5tHMNX)  horse  and  foot.  The  revenue  has  been  reckoned  thirty 
millions.  This  highly  civilized  people  use  nn  wine  or  spiri- 
tuous liquors,  though  their  food  be  various  and  their  sHiie»H 
numerous.  Their  dress  consists  of  trowsers  anil  loose  ^cm  n% 
or  robes  of  silk,  worn  alike  by  both  sexes  :  aud  in  tbrir 
games  and  theatrical  amusements  the  Japaaese  rival  the  Kiim- 
peans.  In  varnishinK:  they  have  no  equals,  mid  \n  some  oi 
their  arts  and  mnnufRctures  they  excel  even  the  UriUsh.  the 
Germans,  and  the  (*liinese.  The* chief  town,  Jedo,  Is  on  the 
south-east  side  of  Nipon,  and  Miaco,  the  spiritual  f  apital.  is 
the  second  eity  in  the  empire.  The  Dairi,  or  pope,  resMe^ 
here,  and  here  also  all  books  are  printed  from  stereotypy 
blocks.     Japan  is  exposed  to  a  copious  moisture,  from  tlw 
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nins  wUch  fall  from  midsammer  to  aatumn,  and  the  fertility 
of  the  country  may  be  attributed  to  this  cause ;  tempests,  hur- 
ricanes, and  earthquakes,  are  common.  Agriculture  is  highly 
esteemed  and  sedulously  cultivated,  even  on  the  mountains 
and  hills  ;  and  the  farmer  labours  under  no  restraint  from  taxes 
and  tithes.  Rice  is  the  chief  grain  ;  but  potatoes,  beans,  pease, 
turnips,  and  cabbages,  abound.  Ajid  the  varnish  and  camphor 
trees,  the  vine  and  the  cedar,  and  the  tea-tree,  are  cultivated. 
Among  the  rivers  and  lakes  described  by  geographers  and 
travellers,  we  may  enumerate  the  Nogafa,  the  Jedogawa,  the 
Ojingawa,  and  the  Jodo,  as  celebrated  rivers ;  and  one  of  the 
chief  lakes  seems  to  be  that  of  Oitz.  The  mountains  are 
numerous,  and  intermixed  with  many  sublime  volcanoes,  and 
the  delightful  sacred  mountain  of  Jesan  is  decorated  with  no 
fewer  than  3000  temples.  Among  the  islands  dependent  on 
Japan,,  is  Fatfifo,  the  place  of  exile  for  disgraced  grandees, 
and  political  offenders,  who  are  spared  capital  punishment,  to 
eodure  the  more  severe  chastisement  of  perpetual  banishment. 

The  Birman  Empire. — The  Birman  Empire  includes  the 
space  between  the  Otb  and  26th  degrees  of  north  latitude,  and 
between  the  92d  and  I07th  degrees  of  longitude  east  of  Green- 
wich ;  about  1020  geographical  miles  in  length,  and  900  in 
breadth.  The  population  amounts  to  seventeen  millions ;  the 
government  is  despotic ;  and  a  nobleman  is  distinguished  by 
the  number  of  chains,  three,  six,  nine,  or  twelve,  around  his 
neck.  The  religion  is  that  of  Brahma,  belief  in  the  transmi- 
gration of  souls,  and  eternal  happiness  in  Mount-Meru.  Their 
navy  resembles  the  Roman  galleys ;  and  their  army  is  incon- 
siderable, though  every  male  is  liable  to  military  service.  The 
Birmans  are  lively,  irascible,  and  impatient ;  their  women  are 
laborious ;  hence  infidelity,  the  offspring  of  idleness,  is  rarely 
known  among  them.  The  g^eat  alone  are  educated,  the  poor 
are  totally  neglected.  The  chief  cities  are,  Ava,  the  ancient 
capital ;  Ummerapoora,  the  new  capital,  resembles  Venice  in 
its  spires,  turrets,  and  obelisks.  It  is  built  on  the  eastern  side 
of  a  great  river  that  flows  into  the  Irrawady,  amidst  numerous 
islets.  Pegu  is  known  chiefly  by  the  temples  which  Alompra 
spared  when  he  razed  the  city  in  1757.  The  Shomadoo,  an 
extraordinary  building  of  Pegu,  is  361  feet  high,  surmounted 
by  the  sacred  umbrella,  fifty-six  feet  in  circumference,  and 
said  to  have  been  erected  600  years  before  Christ  Rangoon, 
the  chief  sea-port,  contains  30,000  souls ;  Prome  is  celebrated 
as  the  scene  of  many  sieges ;  and  Aracan,  Quantong,  Bamoo, 
Munnipora,  and  Monchaboo,  are  considerable  places.  The 
inland  navigation  is  most  ample,  from  the  numerous  rivers  and 
streams.  The  Birmans  excel  in  gilding,  and  in  carving  marble 
divinities.  The  seasons  are  regular,  the  climate  salubrious, 
and  the  people  vigorous  and  healthful.  The  chief  rivers  are, 
the  Irrawady,  which  joins  the  sea  by  many  mouths ;  the  Keen- 
Duem,  the  Sitang,  and  the  Thaluan.  And  the  mountains  are 
those  on  the  frontiers  of  Tibet,  the  range  of  Anoupee,  between 
Ava  and  Aracan.  The  forests  are  large  and  numerous,  and 
covered  with  everlasting  verdure.  The  teak-tree  tlourishes  as 
lord  of  the  wood,  in  majesty  of  form  and  amplitude  of  growth. 
While  in  comparison  of  the  Birman,  our  forests  sink  into  vege- 
tables of  an  inferior  order,  their  shrubs  and  plants  in  their  blos- 
soms and  fruits,  by  their  brilliant  colours  and  aromatic  (ra- 
grance,  reduce  to  relative  insignificance  the  boasted  produce 
of  Italian  summers. 

Aracan. — In  Aracan,  the  climate  is  pure,  the  plains  fertile, 
and  the  valleys  present  numerous  flocks  of  cattle ;  but  the 
natives  are  averse  to  commerce  and  a  maritime  life.  The  Ara- 
cans  will  eat  rats,  mice,  and  serpents ;  and  fish,  to  provoke 
the  palate,  must  be  out  of  season.  The  monarch  lives  in  soli- 
tude and  luxury  with  his  queen  and  harem,  which  he  thinks 
enriched  by  a  concubine  from  Jangoma,  a  small  kingdom  in 
the  vicinity  of  the  Birman  empire,  and  on  the  north  of  Siam. 
But  the  women  of  Jangoma  are  famed  in  all  the  east  for  their 
gallantry  and  beauty.  The  temples  resemble  pyramids,  and 
there  are  three  orders  of  priests,  living  in  perpetual  celibacy. 

Malaya,  or  Malacca. — Malaya  is  an  extensive  peninsula 
appended  to  the  Birman  territories,  and  divided  into  the 
kingdom  of  Patani  in  the  north,  and  that  of  Johor  in  the  south ; 
the  ehief  towns  being  Batusabar,  the  capital,  Linga,  Bintam, 
and  Carimon.  Malacca  is  660  miles  long  and  160  broad ;  the 
iahabitants  are  indolent  to  agriooltaral  pursuits,  but  restless 


for  war,  plunder,  emigrationSy  and  affairs  of  gallantry ;  and 
the  Malavan  history  is  full  of  desperate  enterprises,  that  sufl- 
oiently  characterize  the  ferocity  of  these  Mahommedan  bar- 
barians. The  peninsula  of  Malaya  abounds  in  forests,  stocked 
with  abundance  of  wild  elephants,  whose  teeth  become  a  con- 
siderable article  in  the  commerce  of  the  natives  with  the  Dutch 
and  Portuguese.  Opposite  Malacca  are  the  islands  of  Anda- 
man and  Nicobar,  whose  inhabitants  are  the  most  savage  in 
the  world;  but  they  may  profit  by  the  example  of  British 
industry,  as  a  colony  has  been  formed  on  the  greater  Andaman 
for  convicts  from  Bengal. 

Siam. — Siam,  700  miles  long,  and  70  miles  in  medial  breadth, 
is  a  rich  and'  flourishing  kingdom.  The  religion  resembles 
that  of  the  Hindoos;  the  government  is  despotic;  the  laws 
severe ;  the  people  amoont  to  eight  millions ;  the  army  60,000, 
With  4000  elephants  ;  the  navy  is  numerous,  though  the  vessels 
are  mere  galleys;  and  there  is  a  royal  treasury,  but  its 
revenue  is  unknown  to  Europeans.  The  whole  country  is  a 
wide  vale  between  two  ridges  of  hills,  and  would  be  a  terres- 
trial paradise,  were  it  not  sobject  to  an  absurd  despotism,  that 
cramps  industr]r,and  would  annihilate  agriculture,  did  not  vege- 
tation thrive  m  spite  of  the  worst  of  governments.  The 
Siamese  are  small  of  stature,  but  well  made  ;  and  their  feed- 
ing on  rats,  mice,  lisards,  and  several  kinds  of  insects  which 
we  loathe,  but  ill  accords  with  their  religion,  and  the  products 
of  a  country  which  exports  prodigious  quantities  of  grain.  In 
all  works  of  industry  the  women  are  employed,  while  the  men 
pass  away  their  time  at  theatrical  amusements,  races  of  oxen« 
combats  of  elephant*,  oook-fighting,  tumbling,  wrestling,  rope- 
dancing,  and  exhioitions  of  u'eworks. 

Laos,  Cambodia,  Siampa,  Cochin>China,  Tunquin. — Laos, 
though  surrounded  by  forests  and  deserts,  is  fertile  in  rice, 
and  furnishes  the  merehants  of  Cambodia  with  excellent  ben- 
zoin and  lacca,  musk  and  rabies,  gold  and  pearls ;  and  ^e 
people,  in  their  religion  and  manners,  resemble  the  Siamese. 
Cambodia  is  thinly  peopled  ;  the  capital,  Cambaja,  is  a  mere 
village  of  one  street,  with  a  single  temple ;  and  though  the 
country  is  fertile  in  rice  and  animal  food,  and  abounds  in  ivory 
and  precious  woods,  the  most  peculiar  product  js  gamboge 
gum,  well  known  to  artists  for  its  fine  yellow  colour.  Siampa 
is  a  small  maritime  conntry,  south-east  of  Cambodia,  and  its 
prince  is  tributary  to  Goohin-China.  Cochin-China  presents 
an  extensive  range  of  sea-coast,  and  is  divided  into  distinct 
provinces.  Both  sexes  dress  alike,  in  loose  robes,  with  lane 
long  sleeves,  cotton  tunics  and  trowsers,  with  a  turban  on  ue 
head,  but  they  walk  barefooted ;  yet  the  Chinese  display  not 
more  politeness  than  the  Cochinians.  Tunquin,  divided  from 
Cochin-China  by  a  small  river,  resembles,  in  its  people,  terri- 
tory, and  products,  the  Chinese  empire.  In  the  gulf  of  Tun- 
quin, tuffom  are  frequent  and  tremendous.  They  are  preceded 
by  very  fine  weather,  a  presaging  cloud  appears  in  the  north- 
east, black  near  the  horizon,  edged  with  copper  colour  on  die 
upper  part,  fading  into  a  glaring  white.  It  often  exhibits  a 
ghastly  appearance  twelve  hours  before  it  bursts ;  its  rage  lasts 
many  hours  from  the  north-east,  attended  with  dreadful  claps 
of  thunder,  large  and  frequent  flashes  of  lightning,  and  exces- 
sive hard  rains,  when  It  sinks  into  a  dead  calm ;  after  whid^ 
it  begins  again  vrith  redoubled  rage  from  the  south-west,  and 
continues  an  eqnal  length  of  time. 

Hindostan.— Hindostan  extends  from  about  the  8th  to  thedM 
degree  of  north  latitude,  or  1020 geographical  miles:  and  from  the 
06th  to  the  03d  degree  of  east  longitude,  or  1400  geographieal 
miles.  Thepopulationof  this  extensive  portion  of  Asia  is  com* 
puted  at  60,000,000 ;  and  the  religion  is  polytheism ;  for  the  doe- 
trine  of  the  Bramins,  or  priests,  teaches  belief  in  a  supreme  Crea- 
tor, too  ineffable  and  sublime  for  human  adoration,  which  Is, 
therefore,  addressed  to  inferior,  but  great  and  powerful  divinities. 
This  superstition  inculcates  four  casts  or  orders  of  the  people  : 
1.  The  brarain  (priest)  from  the  mouth  (wisdom)  of  Brahmn, 
(the  supreme;)  hence,  the  priests  are  supreme:— 3.  The  chdi* 
teree,  from  the  arms,  (strength  \S  to  draw  the  bow,  to  fight*  to 
govern :   hence,  governors,  solaiers,  &e.  a  middle  class  :<— 3. 
The  brice,  from  the  belly  and  thighs  (nourishment;)  to  proTide 
the  necessaries  of  life  by  agriculture  and  traflic :  hence  fannera, 
merchants,  &c.— 4.  The  sooder,  from  the  feet,  (subjection  ;)  tp 
laboor,  to  serve :  hence,  the  slaves,  or  day-laboarers,  &o.    Tto 
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Hindoog  brlicTe  in  the  transmifcration  of  the  noal,  and  Ihere- 
Ibfc  abstain  from  animal  food,  yet  no  where  on  earth  are  fana- 
tical iienancei,  suicides,  and  superstitious  frenzies,  so  comnion. 
The>  e«rei  in  the  manufacture  of  cotton  floods,  of  metals  and 
ivory,  and   shawls  of  Cashmir.     The  loom  in  which  cotton 
cloUis,  or  shawls,  are  woven,  is  a  moveable  IVame,  reared  with 
the  risinic  sun,  beneath  some  shady  trees,  and  transported  to 
its  owner's  dwellinK  when  the  shades  of  nii^ht  begin  to  leave 
tke  wftrp  and  the  woof  alike  undistinfcuishable  to  the  crafts- 
■ica.     The  native  products  are  rice,  suy^ar,  spices,  aromatics, 
draics,  and  precious  stones.    The  climate  is  diversified  by  local 
■itaation,  as  is  also  the  aspect  of  this  wide  and  extensive 
country ;  but  the  periodical  rains  and  intense  heats  produce 
laxnriance  of  ve^retation  elsewhere  unknown,  and  none  can  be 
an  indifferent  spectator  of  the  variety  and  richness  of  the  veyce- 
tablc  kiofrdoni  of  llindostan.     But  then  the  soil  is  in  many 
places  a  black  mould  four  feet  deep.    The  chief  rivers  are  the 
Gaofcs  and  the  Indus,  the  Burrampootcr,  the  Sind/*,  and  the 
Kistna,  or  sacred   stream.     The  lakes  are  few,  and  consist 
chiefly  cf  Colair,  twelve  miles  north  of  Masulipatam  ;  Chilka, 
a  salt  creek,  communicatinfr  with  the  sea,  as  is  also  Puiic:it ; 
and  Cashmir,  supposed  originally  to  have  been  a  lar^e  lake, 
Hill  boasts  the  Oullar,  or  Tall,  fifty -three  miles  in  circuit.     The 
c4ief  mountains  are,  the  southern  Tibetian  Alps,  shrouilcd  in 
ctercaJ  snow,  and  hence  cplled  the  Himmala;  and  the  Guuts 
of  Hindostan.     Few  maps  can  be  relied  on  respect iuf;  the 
■ouotains  of  Hindostan  ;  for  in  many  instances  the  most  recent 
ire  copied  from  the  antiquated  conjectures  of  DWn^illt*.     The 
forests  of  Hindostan  are  larjro  and  exuberant  of  vcfretation ; 
bit  the  loftiest  tree  is  the  palm.     Tlie  cocoanut  tree  the  most 
widely  diffused ;  the  cotton-tree,  the  banyan,  the  teak-tree,  and 
tkc  tamarind,  with  a  numerous  botanical  collection,  which  we 
firbear  to  mention.    The  countries  on  the  Ganges  are  the  pro- 
viBcea  of  Bengal.  Bahar,  Allahabad,  Oude,  Agra,  liith  part  of 
Delhi  and  Agimere,  and  of  Malwa  in  the  south,  once  the  chosen 
leata  of  the  Mogul  power.     Bengal,  Bahar,  with  Benares,  and 
lone  other  districts  to  the  west,  are  in  the  possession  of  the 
British.     This  extent  of  territory  is  not  very  exactly  defined, 
and  the   |*opulation  is,  perhaps,  not  accurately  estimated  at 
11,000.00i>  of  black  subjects.    The  clear  revenue  has  been  given 
at  one  million  and  a  half;  yet  the  East  India  Company  has 
Mat  been  able  to  go  on  without  parliamentary  interference:  and 
Kof  emment  has  a  Board  of  Control  to  watch  over  the  Com- 
pany's proceedings.     The  government  of  Bengal  is  vested  in  a 
K««emor-genera1,  who  controls  also  the  inferior  governments 
«€  Madras  on  the  east,  and  Bombay  on  the  west,  with  Bcu- 
C'^oolcn  in  the  island  of  Sumatra.    The  British  army,  supported 
y  the  native  infantry  end  cavalry,  is  now  numerous :  thous;h 
battle  of  Plassei,  which  established  us  in  India,  in  17;>7, 
won  by  the  invincible  army  of  900  Europeans;  or  in  the 
lio  of  1  British  soldier  to  11^  Hindoos.     The  chief  cities  arc, 
.  the  grand  capital  of  Briti.«h  Asia  ;  Fatna.  the  cnpi- 
of  Bahar,  4tM>  miles  north-west  of  Calcutta ;  Benares,  on 
northern  bank  of  the  Ganges,  and  400 miles  from  Calcutta: 
.^llahabad  is  the  ancient,  and  Lucknou  the  present,  capital  of 
e;  Agra,  Delhi,  and  .\gimere.    The  countries  on  the  river 
or  Indus,  are  part  of  the  provinces  of  Delhi  and  Agi- 
,  the  provinces  of  Monltan,  Lahore,  Cashmir.  Ciil>ul.  Can- 
r,  and  Sindi,  at  the  mouth  of  the  Indus.     The  chief  cities 
Lahore.  Cashmir,  Cabul,   Ghisiii.  Candahar,  Moultaii,  and 
Yattx     Lahore  is  the  capital  of  the  Seiks,  a  new  religious  seel. 
^^aihaiir  is  a  filthy  place,  though  the  adjacent  country  is  a  deli- 
1  vale.     The  central  division  of  Hindostan  comprehends  the 
inee  of  Orissa,  with  partof  Goleonda.  Berar,  Dowlahabad. 
.  Goierat.  and  some  other  districts  of  inferior  note. 
Sirrars.  British  provinces,  skirt  the  eastern  shore.  The  chief 
as  are,  .%mrdahed.  the  capital  of  Guserat.  and  Camliay.  its 
port :  Sural,  whose  inhabitants  are  chiefly  Moors.  Persians, 
Is,  and  Turks ;  Bombay,  situated  on  a  small  but  well 
~  island,  with  the  isles  of  Salfattc,  and  Elephanta ;  Bur- 
r,  Nagpour,   Poona,  Masulipatam,  and  AurunsHhad. 
the  capital  of  the  Deecan.     The  southern  division  of 
Mtaa  is  called  the  Deecan,  extending  from  the  latitude 
Boahay.  or  IH|  degrees  north,  to  the  southern  point  of  Cape 
This  part  of  India  nearly  contains  the  whole  pro- 
•ff  Viaiapoor,  part  of  Goleonda,  the  central  kingdom  of 


Mysore,  the  long  eastern  province  of  Camada,  or  the  Carnatie, 
the  principalities  of  Tanjore,  Travancore,  and  the  Samnrin^  of 
Calicut,  the  pepper-coast  of  Canara.  and  other  distiirts  of 
minor  note,  with  th<?  island  of  Ceylon.  In  the  Deecan  the 
British  power  and  influence  are  amazingly  extensive;  for, 
besides  Madras,  and  its  adjacent  territory,  the  possci^sinns  of 
the  East  India  Company  in  the  south  of  Hindostan.  yield  only 
in  extent  to  those  of  the  north  on  the  Ganges.  The  chief  cities 
are,  Seringapatam,  Salem,  and  Allore,  in  the  enst ;  Dindi;:ul, 
Coinihetore,  and  Palicaud,  on  the  south;  Paniany.  FemkHliad, 
and  Calicut,  on  the  western  side;  and  on  the  north.  Tcllichrrri. 
.Mangalore,  and  Carwar.  Areot  is  the  capital  of  the  (*arnaiic,  or 
of  (!arnada.  Tranquebar  Is  a  Danish  settlement  in  Taiijure  ; 
Pondirherri  was  originally  a  French  settlement.  Va«ro  de 
Guma  died  at  Cochin,  on  the  Malabar  coast,  in  15*26 ;  and  tloa 
is  the  noted  seat  of  the  horrible  inquisition.  Ceylon  is  about 
the  size  of  Ireland,  or  360  by  IdO  miles ;  and  is  important 
chiefly  in  a  commercial  view,  from  its  celebrated  cinnamon 
and  gums.  The  religion  is  the  ancient  worship  of  Boodh.  The 
population  is  not  numerous,  and  the  Ceylonese  allow  to  the 
women  a  polygamy  of  the  males,  as  in  Tibet.  The  principal 
towns  are,  Rnndi  in  the  heart  of  the  island,  Colombo,  and 
Trincomali,  celebrated  chiefly  for  its  harbour.  The  uir  is  cool 
and  salubrious,  and  the  mountainous  district.s,  in  the  centre  of 
the  island,  are  covered  with  prodigious  forests,  stocked  with 
aromatic  trees,  and  the  most  odoriferous  plants.  The  soil  of 
the  vales  is  rich,  fertile  in  rice  and  useful  vegetables;  and 
numerous  pleasant  rivers,  and  delightful  streams,  diversify 
this  isolated  paradise,  swarming  with  peaciieks  and  other 
elegant  birds.  The  Mahommedans  believe  Cevhm  to  have 
been  the  residence  of  Adam.  The  Laccadive  and  Maldive  isles 
arc  near  the  coast  of  Hindostan.  The  latter,  more  than  i:yN> 
in  number,  are  governed  by  a  chief,  called  Atoll,  and  produce 
conrie-shells,  cocoa-nuts,  and  fish;  the  former,  thirty  in 
number,  trade  in  cocoa-nuts,  fish,  and  ambergris. 

Persia. — Persia  may  be  considered  as  divided  into  the  eastern 
and  western  empires,  and  the  independent  provinces,  near  the 
(^aspinn  sea.  From  east  to  west  its  length  is  about  I'JIN)  miles, 
and  KHK)  broad  from  north  to  south.  The  population  is  about 
]0,OtK).<NK),  of  which  6,000,000  are  assigned  to  the  wcslcrn,  and 
4,(HN).(HX)  to  the  eastern  empire.  The  religion  is  the  Mahomme- 
dan,  but  there  are  stilt  some  Parsees,or  worshippers  of  lire,  near 
Baku,  and  at  a  place  called  Gusberabad,  near  Ispahan.  The 
government  is  despotic,  but  Its  administration  in  Pandehar, 
the  eastern  empire,  is  extremely  mild.  The  revenue  is  esti- 
mated at  3.(XMMHI0/.  sterling.  The  provinces  are.  Georgia, 
Erivan,  A«ierbijan.  Ghilan.  Mazendran,  Irac-Ajenii,  Chosistan, 
Fars.  or  Persia  Proper,  Kerman,  Laristan.  Mekran.  Segistan, 
Corasan:  Balk  and  Great  Bucharia  belong  rather  to  Inde- 
pendent Tartary.  Persia  is  destitute  of  a  navy,  though  enjoy, 
ing  a  great  extent  of  sea-coast ;  and  the  maritime  commerce  is 
chiefly  in  the  bands  of  foreigners,  because  the  nntives  love 
rather  to  attend  to  their  studs  of  horses,  and  the  diversions  of 
the  chase,  than  to  improve  their  own  property,  or  to  promote 
the  prosperity  of  their  country.  The  Persians  are  polite, 
hospitable,  wise,  and  sagacious;  the  men  strong  and  robust, 
remarkable  for  cleanliness,  but  subject  to  disoidcrs  cif  the  eyes. 
1'he  women  are  very  beautiful ;  and  amidst  their  abjeet  super- 
stitions we  notice  chiefly  astrology,  that  proud  sophistry,  vihieh 
links  the  momentary  existence  of  man  with  the  eternal  laws  of 
far  distant  suns  and  worlds.  The  chief  cities  an,  Ispahan, 
the  capital;  Hnraz.  celebrated  for  its  deliciiuis  c'imate,  and 
the  exquisite  salubrity  of  its  atmosphere,  perfumed  hy  numer- 
ous frairrant  lloviers.  and  filled  with  the  diviiir  notes  of  the 
hulbul.  or  oriental  nightingale.  Tiflis.theeapil.il  nf  Georgia, 
is  famous  for  its  hot  springs,  and  trade  in  furs;  Dcrbent,  on 
the  (*a4pian  sea.  is  productive  of  excellent  grapes :  Erivan, 
thf  ciipiial  of  Persian  Armenia,  is  not  far  from  Mount  Ararat; 
T'lurijs,  in  .Adrrbijan.  is  noted  for  its  bazaars ;  and  Kasht  and 
Sail  are  the  capitals  of  the  Caspian  provinces,  f Ghilan  and 
Mazendran.  Persia  is  famed  for  its  carpets,  its  embroidery, 
porcelain,  leather,  sabres,  silk,  and  bows,  the  truiitiest  in  all 
the  east.  The  climate  is  diversified,  but  excelleui  for  the 
human  constitution.  The  most  singular  feature  in  the  lace  of 
the  countrv,  is  its  grand  division  into  two  parts,  by  moontaina 
and  deserts;   and  hence,  though  the  northern  provinces  «• 
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rich  and  fertile,  those  pf  the  south,  aqil  evca  the  ccntxe,  are 
unfertile,  without  extreme  care  to  iirigatioo.    The  chief  rivers 
are,  the  Euphrates  and  the  Tigris,  the  Dlvrud  aod  the  Gihon, 
the  Zeuderud,  which  passes  by  Ispahan,  and  the  Buudajnjr, 
between  Shirez  and  Iskakar.    The  principal  lakes  axe  those  o€ 
Zer6,  or  Durra,  in  Segistan ;  the  salt  lake  of  Baktegan,  fifty 
miles  cast  of  Shircz,  lakes  Urmia  and  Brivan.    And  the  moun- 
tains most  deserving  of  notice  are,  the  Caucasus,  to  the  west 
of  Ghilan,  and  the  south  of  Mazcndran ;  the  Persian  Gulf  chain ; 
the  grandest  range  is  south  of  lake  Urmia,  where  it  is  joined 
to  the  Caucasus  ;  Mount-Ararat ;  Hetzardara,  or  the  thousand 
mountains.    The  forests  of  Persia  abound  with  deer,  bears, 
boars,  lions,  tigers,  and  antelopes ;  the  mountains  with  wild 
goats ;  the  numerous  wastes  swarm  with  hares,  wild  asses, 
and  hyaenas ;  and  the  flocks  of  large-tailed  sheep  augment  in 
Eri%'an.      The  partridges  are   large  and  plentiful,   and  the 
pigeons  excellent.    Among  the  natural  curiosities  of  Persia, 
the  most  remarkable  is  the  inflammable  naphtha,  or  pure  rcck- 
oil,  found  in  the  neighbourhood  of  Baku,  on  the  western  coast 
of  the  Caspian  sea.    Ormus  is  the  most  noted  of  the  Persian 
isles,  though  it  be  now  abandoned ;  and  famous  chiefly  for  its 
salt,  which  is  collected  on  the  rocks,  from  the  spray  of  the 
sea,  in  a  fit  state  for  the  table.    Gombroon,  or^  Kishma,  and 
Karek,  are  ports  of  some  importance  in  the  Persian  Gulf. 

Independent  Tartary.— This  singular  region  extends  from 
the  Caspian  sea  to  the  mountains  of  Belur,  or  870  miles  east 
and  west ;  and  from  Uie  mountains  of  Gaur  in  the  south,  to  the 
Russian  boundaries,  on  the  north  of  the  desert  of  Issim,  or 
about  IdOO  miles.  The  chief  divisions  are,  the  barren  plains 
in  the  north,  inhabited  by  the  several  hordes  of  Kirguses,  called 
anciently  Turkistan ;  Ilak  and  Shash,  the  most  northern  pro- 
vinces on  the  Sihon,  are  on  the  south  of  the  Argun  mountains ; 
Fregana  and  Orushna,  with  the  kingdom  of  Kharizm  ;  south  of 
the  Ak-Tau,  or  white  mountains,  are  the  fertile  provinces  of 
Sogd,  Balk,  Kilau,  Tokarestan,  and  Gaur.  The  chief  towns 
are,  Cashgar  and  Yarcaud,  Axn  and  Yulduz,  or  Karashar, 
(the  black  city  ;)  Turfan,  and  Hami,  or  Camil.  The  prevailing 
religion  is  the  Mahommedan.  The  inhabitants  are  polite  and 
benevolent  Kirguses,  about  half  a  million  of  souls,  Bucharians 
and  Kalmuck  Tartars,  expert  in  the  lance,the  sabre,  and  the  bow. 
The  desert  of  Issim  diviaes  the  Kirguses  from  Siberia ;  and  the 
three  great  hordes  of  these  people  live  in  tents,  leading  a 
wandering  life,  regarding  each  other  as  brethren,  rearing  vast 
herds  of  cattle  aod  horses,  and  delighting  in  the  chase  of 
wolves,  foxes,  badj^ers,  antelopes,  wild  asses,  chamois,  and 
ti);ers.  The  Kirgusians  trade  with  Russia,  supplying  annually 
150,000  sheep,  vast  troops  of  horses,  and  abundance  of  wool ; 
and  in  exchange  they  receive  clothes  and  furniture,  and  from 
Bucharia  arms  and  coats  of  mail.— Khanrizm,  a  province^  of 
independent  Tartary,  extends  from  the  Gihor  to  the  Caspian 
sea,  about  350  miles  long,  by  as  many  broad ;  its  chief  town  is 
Khiva.  Khiva  is  seventeen  days'  journey  from  the  Caspian 
sea.  and  thirty-three  from  Orenburg.  The  coasts  of  the  Cas- 
pian are  held  by  Turkomans  in  the  north,  and  Uzbeks  in  the 
south. — Great  Bucharia,  the  most  important  part  of  Indepen- 
dent Tartary,  extends  700  miles  in  length  from  north  to  south, 
and  350  miles  in  breadth  from  east  to  west.  The  mountains 
of  Argun  bound  it  on  the  north,  the  river  Armu  on  the  west, 
and  on  the  south  and  east,  the  mountains  of  Gaur  and  Belur. 
The  religion  is  the  Mahommedan;  the  government  is  despotic  ; 
and  the  Uzbeks  and  Buchanans  are  the  most  spirited  and 
industrious,  amidst  surrounding  barbarians.  But  the  Bucha- 
nans never  bear  arms,  tliongh  the  women  of  the  Uzbecks,  sur- 
passing those  of  the  other  Tartars  in  beauty,  fail  not  to  follow 
tlieir  lords  to  the  field  of  battle.  The  provinces  of  Great 
Bucharia  are,  Fergana,  Andcgan,  Sogd,  Kpttan  and  Kilan, 
Tokarestan,  and  Gaur.  And  the  chief  cities  are,  Samarkand, 
Bokhara,  Balk,  Zouf,  or  Gaur,  Badakshan,  and  Kotlan.  Sa- 
markand was  famous  for  its  manufacture  of  silk  paper,  as  early 
as  A.D.  050;  Bokhara,  for  its  flue  linen,  was  distinguished  even 
in  the  tenth  century  ;  Balk,  for  its  beautiful  silks ;  Gaur,  for 
its  rich  quarries  of  lapis  lazuli;  and  Badakshan,  included  in 
the  Belur- Alps,  was  usee)  as  a  state-prison,  for  rivals,  or  insur- 
gents, againsl  the  khan  of  Great  Bucharia.  Situated  in  the 
parallel  of  Spain  and  Greece,  the  climate  of  Bucharia  is  excel- 
lent.   The  soil  adjacent  to  the  rivers  is  fertile,  but  neglected. 


The  chiief  rivers  are,  the  Armu,  and  Sirr,  or  Shaah ;  tii«  ialnnd. 
seas  are  the  seas  of  Aral  and  Baikal,  and  the  lakes  are  those  of 
TengiA  and  Balkash;  and  the  chief  mountains  are  those  of 
Belnr,  of  Gaur,  the  Hindoo-Kob,  of  Argun,  of  Kaia-Tao,  anA 
Ak-Tau.  Bbu  Hankal  says,  aU  the  families  of  Independent 
Tartary  are  bnt  one  house;  and,  in  Sogd,  he  saw  a  great 
building,  whose  doors  were  fastened  back  with  nails  againat 
the  waus,  continuing  thus  open  night  and  day,  for  above  100 
years,  that  strangers,  who  should  arrive  at  the  most  nnseaaoa*. 
able  hours,  might  find  no  obstacle  to  enter,  aod  receive  evcfy 
thing  necessary  both  for  man  and  beast. 

Arabia. — Arabia,  bounded  by  the  Red  Sea,  the  Indian  Ocean, 
and  the  Persian  Gulf,  on  the  west,  south,  and  east,  and  on  the 
north  by  the  Mediterranean  and  Palestine,  is  about  IdOO  miles, 
from  north  to  south,  and  000  broad.    The  centre  of  Arabia  \m 
a  vast  desert.    The  provinces  situated  on  the  searcoast  ara 
fertile  in  millet,  barley,  beans,  lentils,  rape,  sugajr-oane,  tobaooo, 
cotton,  valuable  spices,  pomegranates,  melons,  and  coffee.   Tba 
religion  is  the  Mahommedan,  but  a  new  sect,  oalled  Wahabett,. 
has  made  considerable  progress.    This  sect  has  derived  its 
name  from  one  Abdnl  Waheb,  a  sheik,  or  imam,  in  the  pro- 
vince of  £l-Ared.    A  sheik  (old  man)  is  a  governor  of  a  piOi- 
vince,  and  an  imam  (vicar)  is  an  ecclesiastical  ruler,  a«  tho 
twelve  imams,  the  genuine  successors  of  Mahomet,  in  Peniiaw 
In  Arabia,  an  imam  is  a  calif,  or  prince  of  the  faithful.    The 
Arabians  are  polite  and  hospitable,  temperate  in  eating,  anil^^ 
abstemious  of  wine.    The  women  dye  their  nails  of  a  scarlet, 
colour,  their  feet  and  hands  of  a  yellowish  brown,  and  no  aifl-. 
is  left  unemployed  to  make  the  eye-brows  large  and  blaclt* 
Many  of  the  poorest  people  read  and  write,  as  education  ia 
attended  to  very  generally,  and  tlie  chief  cities  are  celebrated, 
for  colleges  and  academies.    The  holy  oities  are  Mnooa,  and*. 
Medina.    Gcdda,  a  sea-port,  forty  miles  distant  from  McoBa, 
was  famous  in  ancient  times,  when  the  markets  of  Saanauid. 
Merab,  and  the  harbours  of  Oman  and  Aden,  received  the 
precious  cargoes  of  aromatics  brought  thither  by  the  hardy, 
camels  of  the  Koreishites.     Now,  Mecca,  the  birth-place  of. 
Mahomet,  is  governed  by  a  shcrif,  who  is  a  temporal  prince; 
and  Medina,  200  miles  north  of  Mecca,  contains  the  tomb  oC 
the  prophet.     Sana,  in  Yemen,  at  the  foot  of  a  mountain 
called  Nikkum,  about  four  miles  in  circuit,  is  now  the  chieC. 
city  of  Arabia.    Mocha  is  noted  for  its  having  one  glass-houscu 
The  chief  rivers  are,  the  Euphrates  and  tlie  Tigris,  flowing 
through  Irak- Arabia ;  and  the  chief  range  of  mountains  pro- 
ceeds in  the  direction  of  the  Red  Sea,  wliile  the  hills  of  OmoA 
are  merely  a  continuation  of  those  on  tliQ  other  side  of  the 
Persian  Gulf.     Mount-Sinai  is  in  Arabia-Petraea ;  and  in  the 
country  of  Seger  there  is  a  range  of  hills  famous  for  producing, 
frankincense.  The  horses  of  Arabia  have  long  been  celebrated^; 
and  the  Kochlani  breed  are  direct  from  the  stalls  of  Solomon.. 
But  the  chief  animal  is  the  camel,  the  ship  of  the  desert.    Ajid 
the  woods  of  Yemen  abound  in  numerous  monkeys ;  the  jei- 
boa,  or  rat  of  Pharaoh,  is  found  in  Neget;  and  wherever  the 
mountains  originate  springs,  to  scatter  verdure  and  fragrance, 
the  antelope  is  there ;  and  the  wild  oxen,  wolves,  foxes,  and 
boars,  pasture  the  woods,  or  prey  on  their  inmates.    The  islands  ■ 
belonging  to  Arabia,  are  Socotra,  in  the  Arabian  Gulf,  ox  Red 
Sea,  about  240  miles  from  the  southern  coast,  and  celebrated 
for  its  aloes  ;  and  the  isle  of  Bahrio,  in  the  Persian  Gulf^  noted 
for  its  productive  pearl  fishery. 

The  Asiatic  Islands. — These  islands  comprise  those  of  the 
oriental  archipelago;  Australasia,  and  Polynesia.  In  the 
archipelago  are  the  islands  of  Sunda,  or  the  Sumatran  chaiut 
comprising  Sumatra,  Java,  Balli,  Lombok,  Sumbava,  Florea, 
and  Timor.  Sumatra,  OdO  miles  long,  and  200  broad,  has  an 
English  settlement  at  Bencoolcn.  Though  frost,  snow,  and 
hail,  be  unknown,  the  inland  inhabitants  of  the  roountainona 
districts  use  fire  to  dispel  the  cold  ;  for  true  it  is  that  a  man 
may  be  frozen  to  death  in  the  torrid  zone.  But  these  inland* 
races  are  savages,  covered  with  red  hair,  and  little  superior  to 
the  orang-outangs  of  Borneo.  The  elephant,  the  rhinoceros, 
the  hippopotamus,  the  tiger,  the  hear,  the.  otter,  the  porcupine^ 
the  wild  hog,  and  the  civet  cat ;  herds  of  deer  aod  troops  of. 
monkeys ;  wild  poultry,  the  Argus  pheasant,  and  swanns  of 
destructive  termites,  comprise  part  of  its  zoology.  Java,  660 
miles  long  by  100  broad,  is  well  known  for  its  Dutch  capital. 
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■oenery  of  their  oonntiT.  Iiifuiti  anim  as  aoon  as  they  can 
walk.  Tbe  Friendlj  Islands,  inclndiog'  the  Feejee  islei,  the 
Navigatori*  inlands,  and  seteral  more  northerly  and  detached 
isles,  are  peopled  hj  men  of  gnve  and  regular  behaviour,  who 
are  f^verned  by  despotic  chieri.  The  largest  of  these  islands 
are,  Pola,  Tongat«boo,  Oyolava,  Maouna,  and  Opoan.  Prn- 
visiont  are  amacingly  plentiful  in  these  islands.  The  men  are 
of  great  stature,  Uie  women  pretty  and  licentious.  The  inha- 
bitants of  all  Anatralasia  and  Polynesia  do  not,  perhaps, 
amount  to  300,000  souls.  The  speech  diffuxed  thronnhout  all 
the  loattered  islands  of  Polynesia  is  derived  from  the  Malayan. 
The  trees  and  plants  peculiar  to  the  tropical  PaciRc  islands, 
are  the  bread-froit  tree,  the  plantain,  the  cocoa,  the  sugar- 
i:ane,  figs,  sweet  potatoes,  ftc, 

ASILUS,  hornet  Qy. 

ASPALATHUS,  African  broom. 

ASPARAGUS,  or  Sparrote  Gratt,  one  of  tbe  greatest  deli- 
cacies which  our  ki  Ichen-garden  affords,  being  particularly 
estimable  from  the  early  season  at  which  it  is  produced.  The 
asparagus  is  raised  from  seed,  in  beds  formed  for  tbe  purpose ; 
and  the  plants  should  remain  three  years  in  the  ground  before 
they  are  cut ;  after  which,  for  a  dozen  years,  they  will  continue 
to  afford  a  regular  crop.  In  the  Editor's  garden  there  are 
some  very  fine  beds  about  twenty  years  old. 

ASPECT,  the  situation  of  the  planets  with  respect  to  each 
other;  there  are6  aspects:  lit.  Sextilc,  marked  *,  when  tbe 
planets  are  60°  distant ;  3dly,  Qnartile  n .  at  90° ;  3dly,  Trine, 
when  120°  A  i  41hlT,  Opposition  %,  whenlSO°;  and&thly,Coa- 
janedon  a  ,  when  both  in  tbe  same  degree. 

ASPEN  TREE,  tbe  trembling  poplar,  flourishes  in  anj 
iituation ;  the  wood,  though  good  for  packsaddles,  milk  pails, 
clogs,  and  wood-work  for  pattens,  is  very  had  for  beds,  as  it 
promotes  insects. 

ASPERIFOLIOUS,  in  Botany,  one  of  the  divisions  or 
classes  of  plants  in  the  Unnean  system ;  so  denominated 
because  Ibey  are  usnally  rough-leBTcd. 

ASPERUGO,  small  wild  bngloss. 

ASPERULA,  woodroof. 

ASPHALTUM,  bitumen  Indiacmn,  pitch  formed  on  the 
surface  of  the  Dead  Sea,  and  which  was  formerly  employed  in 
embalming  the  bodies  of  tbe  dead.- 

ASPHODELUS,  king's  spear,  asphodel. 

ASS,  a  species  of  nquns,  or  horse.  When  very  young,  tbe 
ass  is  sprightly,  and  even  tolerably  handsome ;  but  lie  soon 
loses  these  qualities,  and  becomes  dull,  stupid,  and  headstrong. 
But  he  is  not  equally  stupid  in  all  countries ;  for  in  Spain,  and 
some  other  countries,  he  is  much  more  elegant  and  tractable ; 
and  if  treated  with  care,  there  is  no  doubt  that  be  might  be 
rendered  much  mote  serviceable  to  us  than  he  now  is.  Wild 
asses  are  fierce,  swill,  and  formidable,  and,  when  pursued,  will 
defend  themselves  with  courage. 

ASSA-F(£TIDA,  tbe  concrete  juice  or  resinous  gum  of  a 
large  umbelliferous  plant,  growing  in  India  and  Persia.  The 
Banian  Indians  use  it  in  all  their  dishes  ;  our  own  cooks  sub- 
stitute it  for  garlic.  In  Arabia  and  Persia  it  is  used  both 
internally  and  externally  as  a  medicine.  It  is  an  excellent  cure 
Ibr  the  hooping  congh  and  for  worms;  in  flatulent  colics,  &c. 

ASSAULT,  an  attempt  to  offer  to  beat  anolhcr  without 
tnaching  him ;  as  if  one  lifts  np  bis  cane,  a  whip,  or  his  Gat,  to  hit 
another,  or  strikes  at  him,  but  misses  him.  The  party  injured 
may  have  redress  by  action  of  trespass  vi  et  armU,  wherein  he 
•ball  receive  damages  as  a  compensation  for  injury.  This 
teaches  society  tbe  exterior  formula  of  good  breeding ;  but  the 
temperament  of  an  Bngliibraan  pricks  bim  to  repel  force  by 
force  ;  and  to  repa^  by  an  eye  for  an  eye,  or  a  tooth  for  a 
tooth,  without  trusting  to  the  doubtful  issue  of  trespass,  per  to- 
y«M  frmaaa  mmu. 

ASSAYING.  There  are  two  kinds  of  assaying ;  one  before 
Metals  are  melted,  the  other  after  they  have  been  stmrk  ;  the 
first  brings  them  to  th^ir  proper  fineness,  and  the  last  compares 
Ihem  with  tbe  standard.  For  the  first  assayers  take  H  or  Ifi 
grains  of  gold,  and  half  a  drachm  of  silver,  if  it  be  for  money  ; 
and  18  rrains  of  the  one,  and  a  drachm  of  the  other,  if  for  other 
•KS.  The  second  assay  is  made  of  one  of  the  pieces  of  money, 
vUek  ii  eat  into  font  parti.    The  qaanlity  of  gold  for  an  assay 


is  here  six  grains.  Assaying  is  also  tbe  pardculai  mode  at 
examining  every  ore  and  mixed  metal,  according  to  Iti  oatnn, 
with  the  proper  flnxea,  to  discover  not  only  what  metala,  with 
their  proportions,  are  contained  in  ores,  but  also  (he  qnanlity  of 
salphur,vitriol,alDm,ar8enie,  and  other  matters.  GoldlsobtaMed 
pure  by  dissolving  it  in  uitro-muriatic  acid,  and  precapitatlBg 
the  metal  by  dropping  in  a  diluted  solution  of  solpuate  of  iron ; 
the  powder  which  precipitates  Is  pure  gold.  Silver  u  obtained 
pure  by  dissolving  it  in  nitric  acid,  and  precipitatisg  It  with  t 
diluted  solution  of  sulphate  of  iron.  With  metallnigtaU  tba 
mass  consists  of  24  imaginary  parts,  called  carats.  QtM  ill 
24  carats  means  pure  gold  :  the  number  of  carats  moiitioMd 
specifies  the  parts  of  pnre  gold,  and  what  that  number  vanti  of 
34  carats,  indicates  the  quantity  of  base  metal  in  tho  alloy. 
Gold  of  12  carats,  means  12  parts  of  gold  and  12  at  aooOet 
metal.  Gold  coins  of  Great  Britain  are  of22caraU  lne;tbey 
contain,  therefore,  11  parts  of  gold  and  one  of  copper.  Partim 
is  the  separation  of  gold  from  silver,  when  both  are  contained 
in  an  alloy ;  and  it  is  founded  on  the  insolubility  of  gtrfd,  nd 
the  solubility  of  silver  in  nitric  acid. 


Fy.106. 


Assay  Balance,  is  of  vary 
little  different  construction  trom 
tbe  common  scales,  baring  a 
beam  from  10  to  12  inchM,  and 
being  made  of  the  best  itecl 
The  beam  is  suspended  ia  a 
fork,  and  as  the  balanco  will 
bardly  stand  still  in  tbe  opoi 
air,  it  must  he  pnt  into  a  cue, 
as  represented  in  the  figure.  A- 
pair  of  pincers  are  nsed  to  Mt 
articles  to  be  weighed  into  tUf 
balance;  or  if  the  article  bek 
powder.asmall  shovel  or  apooB. 
ASSIZE,  an  assembly  of  knights,  and  other  substantial  dmb, 
together  with  a  justice,  in  a  certain  place,  and  at  a  oertah 
lime,  when  and  where  the  writs,  processes,  whether  cWil  of 
criminal,  are  decided  by  a  jury,  directed  by  a  judge.  If  amaa 
has  been  charged  with  an  oSence.  before  be  can  be  put  on  Ui 
trial,  the  charge  must  first  be  examined  by  an  impartial  pud 
jury  of  23  persons  ;  twelve  of  whom,  at  least,  mnst  ame  *a 
find  a  bill  of  indictment,  which  being  found,  be  then  DMorgocf 
a  public  trial  before  twelve  of  his  equals.  The  powers  of  a 
^and  jury  are  most  extensive,  and  their  duties  being  uoit 
important,  it  is  necessary  that  they  be  performed  with  the 
greatest  care,  intelligence,  and  impartiality.  Bills  ought  never 
to  be  found  lightly,  on  frivolous  pretences,  or  imperfect  evi- 
dence ;  and  as  grand  juries  only  bear  the  evidence  of  tbe 
prosecutor,  they  ought  to  be  vigilantly  on  their  guard  agalaM 
trifling,  vexatious,  and  malicious  prosecutions.  The  petit  Jsry 
of  twelve  make  oath,  that  "  they  shall  well  and  truly  try,  aad 
true  deliverance  make,  between  the  king  and  tbe  priscmer  at 
the  bar,  according  to  tbe  evidence."  After  they  have  fally 
heard  the  evidence,  the  prisoner's  defence,  and  the  lavr  ftma 
the  judge,  the  twelve  must  decide  each  for  himself,  and  tbe 
whole  must  be  unanimous  in  acquitting,  or  in  condemning,  tbe 
prisoner.  The  jury  mnst  be  impartial  and  independent,  or 
they  are  liable  to  he  challenged  or  objected  to.  They  iboiM 
also  found  their  verdict  on  Ikrir  own  judgment,  deducing  It 
from  clear  and  positive  evidence ;  no  other  duly  being  w 
sacred,  and  no  other  tru;l  so  great,  as  that  reposed  In  tte 
integrity  and  independence  of  a  juryman. 

ASSOCIATION  OF  Ideas,  is  when  two  or  more  ideas  eon* 
slantly  and  immediately  follow  or  succeed  one  another  In  the 
mind,  so  that  one  shall  constantly  and  infallibly  succeed  amottor. 
The  influence  of  association  in  regnlaling  the  succession  of  oar 
thoughts,  is  a  fact  familiar  to  all  men :  that  one  thought  ii 
often  suggested  to  the  mind  by  another,  and  thai  the  sight  of 
an  external  object  often  recalls  former  occurrences,  and  revivoi 
former  feelings,  are  indtspulabie  facts.  This  subject  {■  very 
fully  treated  in  the  Editor's  Grammar  of  Logic  and  Intellectnw 
Philosophy.  See  chap,  vii,  book  ii.  of  that  work,  ar onnj 
edition. 

ASSUMPSIT,  in  Law,  a  voluntary  or  verbal  proodM, 
whereby  a  person  assumes,  or  takes  upon  him,  to  pay  any  tUaf 
to  another.    There  are  nnmenrai  oases  of  aMumpsit  on  reeovC 
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men,  who  reigned  in  tlie  ages   of  judicial,  perhaps  nataral, 
astrology. 

ASTRONOMY,  the  science  which  teaches  the  motions  of 
the  l-'arth,  the  Sun,  Moon,  Planets,  Comets,  and  Stars,  and 
explains  the  phenomena  occasioned  by  those  motions,  is 
divided  into  two  parts:  1st.  that  which  treats  of  the  motions, 
magnitudes,  and  periods  of  the  revolutions  of  the  heavenly 
bodies,  and  is  called  pure  or  plain  Astronomy ;  2d.  that  which 
investigates  the  causes  and  laws  by  which  these  motions  are 
regulated.  The  student  of  astronomy  may,  in  the  day  time, 
observe  one  of  the  chief  of  these  motions  in  thfe  rising,  ascent, 
exaltation,  declension,  and  setting  of  the  sun.  In  the  morning 
he  will  see  it  rise  in  the  eastern  heavens,  ascend  in  this  hemi- 
sphere towards  the  soath.  attain  its  greatest  height  at  noon, 
an>l  then  descend  again,  till  it  sets  in  the  west,  as  far  from  the 
south  as  it  rose  in  the  morning.  This  is  the  Jirtt  practical 
lesson  in  astronomy.  In  the  night  time  he  may  observe  the 
stars  rise  in  the  east,  ascend  towards  the  south,  and  decline 
and  set  to  the  west ;  and  this  will  be  the  second  lesson.  He 
may,  however,  observe,  that  one  star,  viz,  that  over  the  North 
Pole,  never  roove.s,  and  that  ail  the  others  move  around  it,  and 
those  within  a  certain  distance  never  set;  and.  in  short,  in  this 
f  AM  lesson,  which  is  worthy  of  being  pursued  tlirongh  succes- 
sive evenings,  he  will  become  master  of  the  general  motions  of 
the  heavens.  Thus,  by  measuring,  for  example,  at  London, 
during  a  long  winter's  night,  the  two  meridian  heights  of  the 
Polar  Star,  (a  Urs€e  Minoris,  having  88°  20*  4£r  declination  N.) 
wcjind  that  (ann.  1820) 

When  it  passes  above  the  Pole,  its  altitude  ^  ^30  iq^  iv' 
measures -S 

And    when    it   passes    below    the    Pole,   it  >  ^^  ^y  ^, 
measures S 


The  s«m  of  which  is lOS©  02*  00" 

Andtheirhalf 61°  31'  00" 

Which  will  be  the  altitude  of  the  Pole  above  the  horizon  of 
London,  or  the  distance  of  this  city  from  the  equator.  If,  on 
the  contrary,  we  subtract  ASR  61'  49"  from  63°  lO'  11",  we 
shall  find  for  their  difference  ^  18'  22",  of  which  the  half, 
-|o  agr  \\n^  ^jii  i^rire  the  distance  of  the  Polar  Star  from  the 
Pole  (in  1820),  which  we  thus  find  does  not  exactly  occupy  this 
point,  but  is  yet  very  near  to  it  He  will  observe,  in  9^  fourth 
lesson,  whieh  is  also  to  be  pursued  through  successive  nights, 
that  the  moon  changes  her  place  with  regard  to  the  stars,  that 
she  Inoreases  in  ligrht  in  proportion  to  her  increased  distance 
from  the  sun,  till  she  arrives  at  the  opposite,  or  rises  as  the  sun 
sets ;  and  that  the  light  increases  on  one  side,  and  decreases 
on  the  other,  being  always  towards  the  sun.  He  will,  in  like 
manner,  observe,  that  the  planets  change  their  motions  slowly 
in  regard  to  the  fixed  stars,  and  that  both  the  moon  and  the 
planets  move  in  the  same  line,  or  nearly  so,  among  the  fixed 
stars ;  and  this  fftk  lesson  may  be  mixed  with  others  through 
successive  weeks.  He  will  be  highly  gratified  by  applying  any 
telescope  (the  larger  the  better,  but  the  smallest  will  afford 
much  gratification)  to  the  moon,  'planels,  and  stars.  He  will 
observe  the  decrease  and  increase,  and  ^Imnge  of  the  shadows 
of  the  moon's  pits ;  the  satellites  of  Jupiter ;  the  moon-like 
appearance  of  Venus ;  the  ring  and  noons  of  Saturn ;  and 
many  of  the  constellations  and  nebulous  clusters  of  stars. 

The  heavenly  bodies  that  we  are  to  notice,  are,  the  Sun,  the 
PUnets,  Comets,  and  Fixed  Stars, 

The  Sun  gives  name  to  the  system  of  AstroBomy,  which 
Oopemieus,  Kepler,  and  Newton  have  established,  but  whieh 
wms  known  in  the  East  4000  years  ago,  in  its  general  appear- 
ances, as  perfectly  as  by  La  Place  in  our  own  times.  The 
solar  system  is  so  called,  because  the  Sun  is  supposed  to  be 
situated  in  a  certain  point,  termed  the  centre  of  the  system, 
hariBg  all  the  planets  revolving  round  Irim  at  different  dis- 
tances, and  in  different  periods  of  time.  Tliis  is  likewise  called 
the  Copemican  system.    See  Plate  Solar  System. 

The  Sun,  situated  nenr  the  centre  of  the  orbits  of  all  the 

«Aiets,  revolves  on  tts  axis  in  25  days  14  hours  4  minutes, 
is  revolution  is  detennined  from  the  motion  of  the 
#pots  on  its  surface,  which  first  make  their  appearance  on 
ttte  Mstem  extremity,  and  tlicn  by  degrees  come  forwards 
towmrds  the  middle,  and  so  pass  on  till  they  reach  the  western 


edge,  and  then  disappear.  When  they  hare  been  absent  for 
nearly  the  same  period  of  time  which  they  were  Yisible,  tbey 
appear  again  as  at  first,  finishing  their  entire  circuit  in  27  days 
12  hours  20  minutes.*  The  Sun  is  likewise  agitated  l^  a 
small  motion  round  the  centre  of  gravity  of  the  solar  system, 
occasioned  by  the  various  attractions  of  the  rantmnding 
planets :  but  as  this  centre  of  gravity  is  generaHy  within  ^e 
body  of  the  Sun,  and  can  never  be  at  uie  distance  of  more  than 
the  length  of  tiie  jolar  diameter  from  the  centre  of  fh«t  body, 
astronomers  generally  consider  the  Son  as  the  centre  of  the 
system,  round  which  all  the  planets  revohre ;  though  In  reality 
the  centre  of  gravity  of  the  Sun,  and  of  all  the  pTanets,  is  the 
centre  of  the  world.  As  the  Sun  revolves  on  an  axis,  bis  figure 
is  supposed  not  to  be  strictly  in  the  form  of  a  globe,  bat  a  'Uttle 
flatted  at  the  poles ;  and  that  his  axis  makes  an  angle  t>f  nbout 
eight  degrees,  with  a  perpendicular  to  the  plane  of  the  enrth'k 
oii»tt  As  the  Sun's  apparent  diameter  is  longer  In  Deocmbcr 
than  in  June,  it  follows  that  the  Sun  is  nearer  to  die  eardi  in 
our  winter  than  it  is  in  summer ;  for  the  apparent  magnitndc 
of  a  distant  body  diminishes  as  the  distance  inereaiea.  The 
mean  apparent  diameter  of  the  Sun  is  stated  to  lie  tSfVCi 
hence,  taking  the  distance  of  the  Sun  from  the  earth  to^ 9b 
millions  of  miles,  as  is  now  determined,  its  real  diatmeieriifll 
be  886,149  miles ;  and,  as  the  magnitudes  of  all  spheiical  bodlea 
are  as  the  cubes  of  their  diameters,  the  magnitude  Of  the  flWl 
will  be  1,377,613  times  tliat  of  the  earth ;  the  diameter  of  tte 
earth  being  7964  miles,  the  diameter  of  the  Sun  is  -rfnyve  111 
times  the  diameter  of  the  earth.  When  we  consider  tte  fM 
as  the  fountain  of  light  that  iHnminates  this  umrerae,  -nfd  ^ilk 
causes  the  earCh  to  produce  every  Aing  desirable  ibr  mna,  UM 
we  not  consider  it  also  as  an  eminent,  large,  -and  incM  flnlllK 
evidently  the  primary  one  of  our  system  ;  Mercury,  T^mh^  ttl 
Earth,  and  all  the  others,  being  its  secondaries  ?  And  oMM^ 
dering  its  solidity,  its  atmosphere  and  diversified  aarftMBe,M 
rotation  on  its  axis,  and  all  the  circumstances  •ftendiw''tttt 
glorious  globe,  mav  we  not  conclude  that  it  Is  inhaUteC  Vik 
the  other  planets,  by  beings  whose  organs  are  ttdapled  ■tt  te 
physical  properties  of  the  Sun.  This  seems  to  be  a  more  fjdrt' 
ing  and  agreeable  way  of  making  the  tour  of  creation,  IhHI 
joining  issue  with  fanciful  poets,  who  have  pronoilneed  ft 'thb 
abode  of  blessed  spirits ;  or  closing  with  the  chilling  doeMM 
of  angry  moralists,  who  have  fancied  it  the  fittest  resideBeo'M 
the  punishment  or  purgation  of  the  wicked  from  oflTtlie-CMtt. 

The  Planets. — There  are  eleven  planets  belonging  to 
system.  Six  of  these  have  been  recognised  from  time  ~ 
morial :  namely.  Mercury,  Venus,  the  Earth,  Mars,  Jiipitei; 
and  Saturn.  But  the  remaining  five,  invisible  to  the  mked 
eye,  have  lately  been  discovered  by  the  help  of  the  telceogpej 
and  are  therefore  called  telescopic  planets :  namely, 

Uranus,  discovered  by       I>r.  Horsohel,  March  \%  17S1. 

Ceres M.  Piaiai,..    Jnnaary  I,  1801. 

Pallas M.  Olbers,.. ..  Mareh  S8,  1803. 

Juno M.  Harding,    Septem.  1,  1808. 

Vesta M.  Gibers,.... Mandi  08,  1807. 

All  these  Planets  revolve  round  the  sun,  as  the  centre  of 
motion ;  and  in  performing  their  revolutions  they  fbllow  the 
laws  of  planetary  motion  discovered  by  Kepler,  and  confirmed 
by  subsequent  observations.  These  laws  are.  The  orbit  of 
each  planet  is  an  ellipse ;  of  which  the  sun  occupies  one  of  the 
foci.  That  focus  is  called  the  lower  focus.  If  we  suppose  the 
plane  of  the  earth's  orbit,  which  passes  through  the  centre  of 
the  sun,  to  be  extended  in  every  direction,  as  for  as  the  fixed 
stars,  it  will  mail^  out  a  great  circle  among  them,  which  is  the 
ecliptic ;  and  with  this  the  situations  of  the  orbits  of  M  the 
other  planets  are  compared.  The  planes  of  the  oibits  of  an 
the  other  Planets  must  necessarily  pass  through  the  centre  Of 
the  son,  but  if  extended  as  far  as  the  fixed  Stars,  they  form 
circles  (iifl*crent  from  each  other,  as  also  from  the  ecliptic ;  one 

*  M.  CMfini  determined  the  time  which  the  Sob  lak«e  ton^olve  •••  ili 
axis,  that :  the  time  in  which  a  spot  retanis  to  the  Mine  «ilnatMB-aa  ths 
San*s  disc,  (detennined  froiD  a  scries  of  aeoorale  observations,)  is  91  4ojb 
12  hoars  20  minutes;  now  the  mean  motion  of  the  earth  ia  that  iamm  ii 
27»  V  W'  hence  SCO*  4.  V  7'  8'  :  27d.  12h.  20  m.  :  :  MO*  :  S9d.  I4ki 
4m.  the  time  of  rotaiioo. 
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TTf  Earth,  0,  fig.  IIX— Tbe  Earth  wUcb  we  inhibit  is  the 
pUoetnezt  fa  order;  faence  we  aa;,  Hercarj  and  Vennf  are 
inferiori  but  all  the  planeta  which  are  fortfaer  from  the  loo than 
the  Bartii  is,  are  superior  planets.  The  Earth  it  03  millions  of 
Biles  from  the  ■□□ ;  it  perTorma  its  sidereal  revolution  in 
aeu  6b  ff  11"  A;  and  it  passes  from  the  one  tropic,  to  the 
aame  again,  in  only  366d  6b  48*  51"  6.  The  axis  of  the  Barth 
is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of  23°  2T  67", 
and  the  points  of  intersection  are  called  the  eqninoctial  points ; 
and  the  ecliptic  is  the  path  of  the  Earth  in  its  annual  rotola- 
tion  Tound  the  snn. 

There  are  several  ways  of  shewing,  thai  the  Earth  open  which 
we  live  is  spherical,  like  an  orange ;  and  this  is  the  form  of  all 
the  planeta.  Hie  shadows  of  bodies  in  general  take  the  form  of 
their  originals.  The  shadow  of  the  Eartii  on  the  moon,  that  i* 
to  say ,  an  eclipse  of  the  moon  ii,  eiratUr:  the  Earth  is,  therefore. 
fbbtu»r.  Several  navigators,  b;  sniling  westward,  have  reached 
the  port  Ihej  first  left  Tbey mast,  therefore,  have  sailed  round 
a  globolar  surface.  And  they  have  observed,  that  on  leaving 
land  the  shores  first  disappeared,  then  the  hills.  On  the  con- 
trary, approaching  land,  moantains  are  first  seen,  then  the 
shores.  These  facts  also  oorroborate  oor  illnstration  of  the 
Earth's  sphericity,  Tbe  Earth  is  sappoaed  to  be  surrounded 
bjr  varioas  lines,  thai  indicate  portions  of  its  inrface,  or  enable 
lu  to  perform  the  mechanical  operations  of  Oeography,  Navi- 

EtioD,  and  Astronomy.     The  axit  of  the  Earth  is  an  imaginary 
e  oaHing  through  its  oentre.    Upon  this  line  it  is  snppoied 


to  torn  In  its  dlnmal  revolution.    TlMp«IuorAeEBfli«reAo 

extremities  of  its  axis.  The  Unea  or  eirclea  snmnuidiBK  the 
Earth  ate  of  two  names,  grtat  and  imalL  All  great  cirelea 
divide  the  Earth  into  two  equal  portlODS ;  all  small  circles  eat 
it  in  uneqaal  parts.  The  tqiuUor  is  a  great  circle  eqnidiataat 
from  both  poles.  The  latitudes  of  places  are  reefcooad  north 
or  sonth  of  the  eqnator,  as  they  lie  on  either  side  of  that  Hue. 
MtridiaM  are  great  circles  of  the  Earth,  crossing  the  eqaalor 
at  right  angles,  and  tenninating  in  the  poles.  Parttitl*  of  latl- 
tode  are  less  circles,  drawn  parallel  to  the  equator.  n»e  toys 
tmdt  of  a  place  is  the  distance  of  tbe  meridian  of  that  plaoe, 
east  or  west,  from  the  first  meridian.  As  the  Earth  revolvea 
round  its  axis  daily  from  west  to  east,  the  beavenlj  bodfec 
appear  to  a  spectator  on  tbe  Earth  to  revolve  in  die  same  tine 
from  east  to  west,  and  the  alternate  aoocesaion  of  day  and  night 
is  the  effect  of  tbe  revolation  of  the  Earth  towards  and  bom  the 
sun.  For  all  the  heavenly  bodies  uapearing  tomove  froBeeM 
to  west,  while  the  Earth  fevolves  ntmi  west  to  east,  the  nn 
will  appear,  in  each  revolution,  to  rise  above  the  horlsonin  tte 
east,  and  after  describing  a  portion  of  a  drote,  to  set  in  the 
west,  and  will  continue  below  the  horison,  tiH,  by  the  revoh- 
tion  of  the  Earth,  it  again  appears  in  the  east :  and  thus  day 
and  night  are  altematelT  produced. 

The  Sun  is  supposed  to  be  fixed,  not  in  tiie  centre  of  IM 
Earth's  elliptical  orbit,  but  in  one  of  the  foci.  Let  F  repreaent 
the  Sua,  (fig.  112)  and  A  BCD  the  BarUi's  elliptical  orbit.  TImi 
A  is  the  perihebon,  or  lower  apsis,  being  the  Earth's  neanat 


dlituKe  from  tbe  Son;  C  is  the  aphelion,  or  higher  apsis, 
being  tia  greatest  distance  ;  and  tbe  oistanoe  between  the  Sun 
Vb  the  focus)  and  the  centre  S,  la  called  the  eccentricity  of  the 
Earth's  orbit.  If  from  the  centre  there  be  erected  upon  the 
axis  a  perpendicular  meeting  tbe  orbit  in  L,  a  point  in  th^ 
eentre  of  the  figure  B,  and  the  line  F  L  be  drawn,  it  will  repre- 
■ent  the  Earth's  mean  distance  from  the  Sun,  being  equal  to 
half  the  axis  A  C,  consequently  F  L  is  95  millions  of  miles, 
ne  phenamena  of  the  different  seasons  of  the  year  wit!  ap- 
pear ftom  the  following  obserrations  : — Let  AB  C  D  represent 
tbe  Earth's  annual  orbit,  with  the  Sun  in  the  focua  F ;  a  i,  an 
'nagisaiT  line  through  the  Earth's  centre,  perpendicular  to  this 
pUne;  the  atxia  NS,  of  tbe  Earth,  forming  an  angle  of  S^oav 


with  this  perpendicular:  thenif  the  Earth  move  in  A,  B,  CD. 
Kt  that  N  S  may  always  remain  parallel  to  itself,  with  the  MM 
angle  to  «i,  it  will  denote  the  seasons;  for,  a  line  dravm  fto* 
the  Sun  to  the  Earth,  the  Sun  vrill  be  vertical  to  that  pert  oBt 
by  this  line.  Now,  when  the  Earth  is  In  Libra  &,  the  Snawil 
appear  in  Aries  iy<,  and  we  have  Spring,  the  days  and  BiihU 
are  equal  in  both  hemispheres,  and  tlie  aeaaon  a  mmaa 
between  summer  and  winter ;  tbe  line  dividing  the  dark  u) 
light  hemispheres,  passes  throngh  tbe  poles  N  and  S,  dividiw 
afl  the  parallels  of  latitude,  as  PR,  eqnaUy;  henee  aB  At 
Inhabitants  of  the  Earth  have  their  days  and  nigbta  oob^  ate 
twelve  hours  each.  While  the  Earth  moves  ftom  Ubn  *  te 
Capricorn  yf,  tbe  north  pole  N  will  be  more  nntifhTiaed,  Mm 
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Ibe  mllplie  It  k  eoniMfiieiica  of  the  ipprouli  of  Ibe  Barfh'a 
%ii»  lowATdB  a  perpendiDular  direolion  to  the  pUne  of  Ibe 
ecliptic  ;  bat  the  Earth'a  axia  baa,  beatdea  the  pragrea«iTe 
motioii,  a  tremnloaa  one,  by  which  ila  iaclinatioa  to  me  plane 
of  the  ecliptic  vaiiea  backwarda  and  forwaidaaomeseeooda: 
tiie  period  of  these  variatioDi  ia  nine  jeara.  The  treniDloua 
motion  ia  termed  the  natation  of  the  Eailb'a  axia.  Both  tbeae 
moIioDS  of  the  terfestrial  axis  are  occaaioned  by'tbe  action  of 
the  igD,  moon,  and  plaoeta  on  the  earth. 

There  are  aeveral  other  astronomical  phenomena,  that  belong 
to  these  scientifio  viewa  of  the  Earth  ;  but  we  will  i^ve  them  in 
Ibeir  proper  places,  rather  than  encumber  thia  'article  with 
what  ia  more  detached. 

TA«  Moon,  the  Earth'a  latetlite,  has  motionaeoceutric  and  irre- 
gular. She  performs  her  Bidereal  icTOlutioD  in  27d  7b43'  ll',6 
Bnt  this  penod  is  variable,  and  on  comparison  of  the  modern 
obserrationswIththeaiiaieuls.proTeaincoDtestablyanaccelera. 
tiOD  in  her  mean  motion.  Her  mean  tropical  rerolo  tion  is  37d  7h 
4iy  4',7;  and  her  mean  synodical  revolution  Is  4&<i  12t>  -iZ  12f,9. 
Her  meandistance  from  the  earth  is  29-983175  timea  the  diameter 
of  the  terrestrial  equator ;  or  above  337,000  miles.  Her  ortiit  la 
inclined  to  the  plane  of  the  ecliptic  in  an  anj^le  at  Ififf ;  but 
thia  inclination  ia  variable.  Tbe  greaiest  inequality,  which 
sometimes  extends  to  9  IT*,!,  ia  proportional  to  the  co-slne  of 
the  angle  on  .which  the  inequality  of  tbe  nodes  dependa.  Her 
orbit,  at  tbe  commencement  of  the  present  century,  crossed 
the  ecliptic  in  Oa  15°  &&<  20* ,3 ;  bnt  the  place  of  her  nodes  is 
variable.  Tbey  have  a  retrof^rade  motion,  and  make  a  sidereal 
revolution  in  about  18-6  Julian  years.  A  synodical  revolution 
•f  the  nodes  is  performed  in  ;Mail  141i  52'  43*,6.  The  motion  of 
the  nodes  Is  subject  also  to  a  secalar  inequality,  dependent  on 
tbe  Bceeleiation  of  the  Moon's  mean  motion.  The  rotation  of 
the  Moon  on  her  axis  ia  equal  and  uniform  ;  and  it  is  performed 
in  the  same  lime  as  the  tropical  revolution  in  her  orbit,  whence 
•be  always  presents  nearly  the  same  face  to  the  earth.  But, 
as  tbe  molioo  of  the  Moon  in  her  orbit  is  periodically  variable, 
we  sometimes  see  more  of  her  eastern  edge,  and  sometimes 
more  of  her  western  edfco-  Thia  appearance  is  ealled  the  libra- 
tioo  of  the  Moon  in  longitude.  The  axis  of  the  Moon  is  inclined 
to  the  plane  of  tbe  ecliptic  in  an  angle  of  BS°  29'  IB".  In  conse- 
qoence  of  this  position  of  the  Hood,  her  poles  aliernatety 
beoome  visible  to,  and  obscured  from  us :  and  this  phenomenon 
4a  called  ber  lihration  in  latitude.  There  is  slso  another  optical 
deception,  arising  from  the  Moon  bejog  seen  from  the  surface  of 
the  earth,  instead  of  the  centre.  This  appearance  is  called  her 
diurnal  Ubralion.  TheGgnre of tlic Moon  A.B,  C, fcc. (Bg.  1 13,)  is 
that  of  an  oUatc  spheroid  like  the  earth  T.     Her  mean  diameter 


It  tbe  apparent  diameter  of  the  Moon  varJos  according  to  her 
distance  from  the  earth.  When  ucnrrst  to  us,  it  is  33*  31', 1 ; 
and  at  her  greatest  dlalance  it  is  29'  2l'.6.  Hence  her  mean 
apparent  diameter  ia  31' 3C,5.  The  dilTerent  phasea  or  tbe 
Moon  constitute  some  of  tlio  most  striking  phenomena  of  the 


, ^ ., 


baaveaa.  When  she  emerge*  from  the  inn'i  raya,  8,  in  tbe  even- 
btg,  the  Bppeata  as  a  imall  creioent,  b,  jnst  visible ;  bnt  is  fbe 


separates  from  tbe  snn  this  cresceot  increasea,  c,  d,  tni  in  o«p»- 
altion, «,  when  the  moon  is  completely  illuminBted.  Thia  circle 
ohanges  reversely  into  a  crescent,  f,p,h,  till  the  Moon  has 
plunged  into  the  sud'b  rays  in  the  moraing  at  suu-rise.  And 
the  crescent  being  always  directed  to  the  sun,  lodicatea  tbal  the 
Moon  is  heraelf  a  dark  opaque  body,  borrowing  her  light  fron 
the  aun.  Tbeae  dilTerent  phases.  A,  B,  C,  D,  he.  of  the  Moon 
are  renewed  after  every  conjunction ;  and  the  points  of  tbe 
lunar  orbit,  in  whicb  tbe  Moon  ia  either  in  oonjnitclion  or 
opposition  to  tbe  sun,  are  called  the  tgryffiei.  In  the  first 
point,  the  Moon  is  new,  in  the  seoond  fak ;  in  her  first  quarter 
the  Moon  ia  90°  from  the  first  point;  in  ber  third  qaarter  STEP 
from  the  same  point. 

Mmri,  ^,6g.  114.— Mars  Erst  above  the  earth's  orbit  iaeuily 
known  by  his  red  and  fiery  appearance.  He  pcrforma  his  aide- 
real  revolntion  in  6tXid  23li  30'  39*.  or  in  1-881  Julian  year;  and 
his  moan  synodical  revolution  is  about  780  days,  or  in  aboot 
2-135  years.  His  mean  distance  from  the  aun  is  above  142 
millJona  of  mites.  Tbe  rotation  on  his  axis  is  performed  in 
Id  Oh  ag  gr,3 ;  and  his  mean  diameter  ia  4388  milen,  or  rather 
more  than  one  half 
tbe  site  of  our  earth. 
This  planet  has  a 
very  dense  but  mo- 
derate atmosphere, 
andfaeis  not  attend- 
ed by  any  satellite. 
And  the  proportion 
1.  of  li^t  and  heat  re- 
}  ceived  by  him  from 
the  snn  is  *43,  that  received  by  toe  earth  being  oonaidered  as 
nnity.  Mars  changes  his  phases  in  the  same  manner  aa  tlie 
moon  does,  from  ber  ftrat  to  her  third  quarter,  acoocding  to  bis 
various  positions  with  respect  to  the  earth  and  snn, 

Veila  1^ . — Thia  planet  was  discovered  by  Dr.Olbera,  of  Bre- 
men, on  tbe  2eth  of  March,  1807:  ita  distance  from  the  son  ts 
225.435,000  miles,  and  the  length  of  ita  year,  8  jears  340  days 
A  hours.    Vesta  appears  like  a  star  of  tbe  fiftb  magnitode. 

Juno  f. — J unowas  discovered  by  Mr.  Harding,  of  Lilientbal, 
in  tbe  duchy  of  Bremen,  on  the  first  of  September,  18(^1.  It 
appears  like  a  star  of  the  eighth  magnitude:  its  diatanoe  from 
the  son  ia  253,380,486  miles,  and  its  periodical  revolution  ii 
performed  in  4  years  end  131  days. 

Ctra  i. — Ceres  was  discovered  by  H.  Piaazi,  aatronomer 
royal,  at  Palermo,  in  tbe  island  of  Sicily,  on  the  Isl  of  January, 
ItJOl.  The  length  of  iU  year  is  4  years  321  days  13  boors  ;  ill 
distance  from  the  snn  ia  96X.903,570  miles,  and  its  diameter, 
according  to  Dr.  Herschel,  is  aboot  162  miles.  Ceres  appears 
like  a  star  of  tbe  eighth  magnitude. 

Polio*  $  ,  was  discovered  by  Olbers  on  tbe  3Stb  of  March, 
IB02.  Its  distance  from  the  son  is  253.000,000  miles.  Ila 
annual  revolution  is  completed  in  about  4  years  7  months  and 
10  daya.  Like  tbe  two  former  newly  discovered  planets,  its 
diameter  and  diurnal  rotation  are  aa  yet  unknown. 

Jupiltr,  %,  Gg.  116,  is  about  four  hundred  and  eighty-B«o 
millions  of  miles  from  tbe  aun.  It  completes  its  nnnual  revolo' 
tion  in  about  13  jeara,  movinf;  at  the  rsto  of  29.000  miles  an 
boar.  Its  diameter  is  91,600  miles,  yet  bj  an  exceedingly  rapid 
motion  opon  ita  axis,  tho  dinroal  rotation  is  performed  in  nine 
hours  and  66  minntea  1 
Nolni  lb  standing  tbe 
great  distance  of  thia 
fine  planet  from  tho 
aun  and  tbe  earth,  at 
appears,  to  the  naked 
eye,  almost  as  latj^e^ 
Venus,  though  with  a 
leas  brilliant  light. 
When  Jupiter  rises  aa 
the  sun  sets,  and  acts 
as  tl>e  aun  rises,  it 
comea  to  the  meridian 
at  midnight,  and  ap- 

Eara  larger  and  toor* 
nioous  that  at  othei 
tines.  It  is  a  RtoNuac 


74 


AST 


DIOTIONAEY  OF  MECHANICAL  SCIENCE. 


AST 


oADiiot  retnni  until  th^  year  23S26.  This  Comet,  at  its  f^eatest 
distance,  is  about  eleven  thousand  two  hundred  millions  of 
miles  from  the  son ;  and  at  its  least  distance  from  the  son's 
oentre,  which  is  49,000  miles,  is  within  less  than  a  third  part  of 
the  sun's  semidiameter  from  bis  surface.  In  that  part  of  its 
orbit  which  is  nearest  the  sun,  it  moves  at  the  rate  of  880,000 
miles  in  an  hour.  The  Chinese  astronomers  record  the  ap- 
pearance of  about  300  ComeU.  The  tail  of  the  Comet  of  1680 
was  at  least  100  millions  of  miles  lon^ ;  and  that  of  1812  was  30 
millions  of  miles.  The  Comets  trace,  around  the  sun,  very 
elong^ated  ellipses,  which  degenerate  hito  parabolas.  Hence 
tbeir  appearance  in  our  heavens  is  only  momentary,  because 
we  can  see  them  in  only  so  small  a  portion  of  the  curve  tbey 
describe,  though  for  some  it  extends  to  the  confines  of  the  solar 
system.  This  motion  is  without  fixed  direction;  the  Comets 
re-act  every  way,  and  frequent  perturbations  make  their  course 
devious.  Such  eflect  did  the  re-action  of  Saturn  and  Jupiter 
produce  on  the  comet  of  1769.  By  the  action  of  Jupiter,  that  of 
1770  deviated  so  much  when  towards  its  perihelion,  that  its  orbit 
became  elliptic.  On  its  return,  the  same  effect  in  a  contrary 
direction  caused  it  to  resume  its  parabolic  course.  The  cause 
of  this  luminosity,  called  the  taU  of  a  Comet,  has  been  thus 
described : — 

**  Suppose  a  globe  of  water,  with  an  opaque  ball  in  its 
centre— m  other  words,  the  pellucid  atmosphere  of  a  comet  and 
its  nucleus— suppose  them  placed  in  the  sunshine  (the  situa- 
tion of  a  Comet  at  all  times,)  is  it  not  then  evident  that  the 
globe  of  water,  with  its  opaque  ball,  would,  by  the  refraction 
and  reflection  of  rays  of  light,  exhibit  all  the  phenomena  of  a 
Comet's  tail,  under  all  the  circumstances  and  variations  of  that 
tail  ?  By  the  ordinary  laws  of  refraction,  the  tail  would  be 
lengthened  as  it  approached  the  sun,  and  would  shorten  as  it 
receded,  which  we  know  accords  with  the  phenomena. 

**  The  tail  of  a  Comet  is  thence  considered  a  grand  optical 
exhibition  of  the  phenomena  of  light  As  the  solar  rays  pass 
in  their  ordinary  course  through  the  medium  of  space,  they 
exhibit  no  peculiar  appearances ;  but  when  they  impinge  on 
the  atmosphere  of  a  planetary  body,  they  undergo  refractions 
and  reflections  ;  then  they  exhibit  their  general,  visual  pheno- 
mena, whether  it  be  as  condensed  in  the  shape  of  a  Comet's 
tail,  or  in  giving  luminosity  to  the  figure  of  a  planet.  As  the 
spherical  refracting  medium  approaches  the  source  of  light,  the 
foci  of  convergency  of  course  are  extended,  and  the  quantity 
of  light  is  increased ;  and  then  is  the  Comet's  tail  of  the  largest 
dimensions,  and  the  most  luminous.  As  it  recedes  from  the 
fountain  of  light,  the  foci  draw  nearer  to  the  Comet,  and  the 
tail  shortens  ;  at  length  the  Comet  recedes  so  far  from  the  sun, 
that  the  quantity  of  light  ceases  to  produce  the  same  visual 
effect,  while  the  increased  distance  from  the  earUi  combines 
also  to  render  it  altogether  invisible. 

'*  Telescopes  destroy  the  tail,  because  they  magnify  the  space 
without  increasing  the  light,  an  effect  which  is  universal  when 
they  are  applied  to  luminous  objeets,  but  more  sensible  in 
regard  to  a  Comet's  tail  than  to  any  other  object  of  telescopic 
observation ;  serving,  therefore,  to  prove  that  it  is  light  itself, 
rather  than  any  crude  vapour  on  which  light  is  impinging.  The 
stars  arc  seen  through  it,  because  they  shine  by  their  inherent 
light,  and  there  is  no  substance  or  opacity  intercepting  their 
rays. 

**  Supposing  that  fluids  and  solids  compose  nearly  equal 
parts  of  Comets,  it  will  not  be  diflScult  to  explain  their  varied 
aspect.  The  sun's  expansive  action  being  null  in  its  aphelion, 
it  exhibits  properties  analogous  to  opaque  bodies,  but  less 
marked,  the  fluids  being  adequate  to  produce  a  proper  light. 
In  this  state,  the  Comet  has  a  solid  and  opaque  nucleus ;  pro- 
portionally greater,  from  the  aqueous  vapours  condensed  from 
Its  atmospheres ;  which  last  is  of  a  moderate  extent. 

"  How  pleasing  is  the  idea  of  contemplating  these  travelling 
worlds,  peopled  with  observers,  employed  in  contemplating 
the  universe  at  large,  as  we  are  busied  in  that  of  an  insignifi- 
cant  atom  of  it ;  passing  from  one  sun  to  another,  observing 
the  orbits  of  the  celestial  spheres ;  viewing  their  particular  and 
general  revolutions;  over  their  heads  thousands  of  years 
rolling,  merely  as  thousands  of  days  over  ours !" 

For  the  laws  by  which  the  planets  are  kept  in  their  respec- 
tive positioniy  or  whirled  with  aoerring  preciaion  roand  the 


sun,  and  amongst  one  another,  see  the  articles  ATTlueTio* 
and  Laws  op  Planetary  Motion. 

The  Fixed  Stmn, — Besides  the  sun,  planets,  and  oometa 
which  we  have  noticed,  as  belonging  to  our  system,  there  are 
other  phenomena  that  we  may  observe,  as  the  Fixed  Start,  dto- 
tinguished  from  the  planets,  by  being  less  bright,  less  laminooi, 
and  exhibiting  continually  an  appearance,  which  we  eall  the 
twinkling  of  the  ttart.  The  Fixed  Stars  are  so  named  from 
their  never  changing  their  situation  with  regard  to  each  otber« 
as  the  planets  change  their  places.  They  are,  thence,  oonaidered 
suns  of  other  systems  or  worlds.  How  magnificent  tbeo  it 
this  universe  I 

1.  The  Fixed  Stars  are  luminous  bodies.  Beoante  tkey 
appear  as  points  of  small  magnitude  when  viewed  Uiroagli  a 
telescope,  they  must  be  at  such  immense  distances  at  to  be 
invisible  to  the  naked  eye,  if  they  borrowed  their  light ;  at  it 
the  case  with  respect  to  the  satellites  of  Jupiter  and  Saturn, 
although  tbey  appear  of  very  distinguishable  maf^nitoda 
through  a  telescope.  Besides,  from  the  weakness  of  reflected 
li^ht,  there  can  be  no  doubt  but  that  the  Fixed  Start  tbine 
with  their  own  light  They  are  easily  known  from  the  planets 
by  their  twinkling. 

2.  The  number  of  Stars,  visible  at  any  one  time  to  the  naked 
eye,  is  about  1000;  but  Dr.  Herschel,  by  his  skilful  improve- 
ments of  the  reflecting  telescope,  has  discovered  that  the  whole 
number  is  great  beyond  all  conception.  The  comparative 
brightness  of  the  Stars  is,  Sirius  100,  Canopus  -98,  Centanri  -06^ 
Acbernar  *94. 

3.  The  magnitudes  of  the  Fixed  Stars  appear  to  be  different 
from  one  another,  which  difference  may  arise  either  from  a 
diversity  in  the  real  magnitudes,  or  distances ;  or  fiwm  both. 
these  causes  acting  conjointly.  The  difference  in  the  apparent 
magnitude  of  the  Stars  i»such  as  to  admit  of  their  being  divided 
into  six  classes,  the  largest  being  called  Stars  of  the  first  mag- 
nitude, and  the  least  which  are  visible  to  the  naked  eye.  Stars 
of  the  sixth  magnitude.  Stars  only  visible  by  the  help  of 
glasses  are  called  telescopic  Stars.  Bode's  catalogue  eontains 
17,000  Stars.  Dr.  Halley  very  justly  remarks,  that  the  Stars 
must  be  infinite  in  number,  to  maintain  their  equilibrium  in 
space.  And  Dr.  Herschel  thinks  he  has  seen  Stars  42.000  timet 
as  far  off  as  Sirius.  In  one  instance,  a  cluster  of  6000  start, 
in  a  mass,  were  barely  visible  in  the  40-foot  telescope,  and 
consequently  must  have  been  11  trillions  of  miles  off! 

4.  It  must  not  be  inferred,  that  all  the  Stars  of  each  class 
appear  exactly  of  the  same  magnitude,  there  being  great  lati- 
tude given  in  this  respect ;  even  those  of  the  first  magnitude 
appear  almost  all  different  in  lustre  and  size.  There  are  alto 
other  Stars  of  intermediate  magnitudes,  which,  as  astronomers 
cannot  refer  to  any  one  class,  they,  therefore,  place  them 
between  two ;  or  that,  in  place  of  six  magnitudes,  there  are 
probably  as  many  different  magnitudes  as  there  are  Start. 

6.  To  the  naked  eye,  the  Stars  appear  of  some  sensible 
magnitude,  owing  to  the  glare  of  light  arising  from  num- 
ber less  reflections  of  rays  coming  to  the  eye ;  this  leads  at 
to  imagine,  that  the  Stars  are  much  larger  than  they  woold 
appear,  if  we  saw  them  only  by  the  few  rays  which  come  direoUT 
from  them,  and  entered  the  eye  without  being  intermixed  with 
others.  Examine  a  Fixed  Star  of  the  flrst  magnitude,  throii;li 
a  long  and  narrow  tube,  which,  though  it  takes  in  as  m«ell  of 
tlie  sky  as  would  hold  a  thousand  such  stars,  scarcely  rendtrt 
that  one  visible.  Even  our  best  telescopes  do  not  enlarge  tlMte 
gems ;  and  there  seems  but  little  reason  to  expect,  that  the  fOal 
magnitudes  of  the  Fixed  Stars  will  ever  be  discovered  with 
certainty ;  we  most,  therefore,  be  contented  with  an  approxi- 
mation, deduced  from  their  parallax,  and  the  <^uantity  <n  tebt 
they  afford  us  compared  with  the  sun.  To  thu  purposOp  Dr. 
Herschel,  with  a  magnifying  power  of  6460,  and  bv  memtt  of 
his  new  micrometer,  found  the  apparent  diameter  of  a  Lyim  to 
be  0^*335,  or  the  third  of  a  second. 

The  ingenious  observations  of  Kepler  upon  the  magnitodet. 
and  distances  of  the  Fixed  Stars,  have  been  followed  by  Dr. 
Halley.  He  observes,  that  there  can  be  only  13  points  «pon 
the  surface  of  a  sphere  as  far  distant  from  each  other  at  from 
the  centre ;  and  supposing  the  nearest  Fixed  Stars  to  bo  at  frtf 
from  each  other  as  from  the  son,  he  concludes,  that  there  oaa 
be  only  13  Stars  of  the  first  magnitude.    Hence,  at  twice  thait 
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Ait  OMJWIfttlMt  u  chtolj  lodicative  of  violence  and  death ; 
j«l  the  nOBlk  ef  February,  when  tbe  sun  was  in  Pisces,  was 
uUed  Adar;  perbapslnhanoDr  of  the  mooD,  which  was  ndored 
by  tha  dtle  Adra  DaRa,  m  tb«,  "  glorious  fi»h." 

ATCHIEVEHENT,  oi  Aoh»Eveiient,  in  Heraldry,  the  arms 
ot  a  peiton  or  fanuly,  Daarahalled  la  order ;  wiib  ^aarleriDgs 
by  altlanoD,  mottos,  acmlia,  qiabI,  mantle,  beluet.  See. 

ATHAUANTA,  apiKael. 


Hilary,  bisbop  of  Aries,  aJ>oat  the  year  430,  and  wblch  was 
received  al  Rome  about  the  year  1014,  as  a  summary  of  the 
orthodox  hitl^  and  a  eondero nation  of  all  hereaiea. 

ATHWART,  in  Nailgaiion,  across  the  line  of  the  coarse  ; 
•lAwarf  lAa  fovtfiiol,  lb«  direction  of  a  oaanoo  baR  ftom  one 
■Up  across  another,  to  intercept  ibe  latter,  and  oblige  bet  to 
shortoB  sail,  and  beave  to,  tbat  Uie  fMiner  ma^  eome  near  enaagb 
and  examine  bar.  Atkwart  Kautt,  the  sltuabon  of  n  sblp  wben 
abe  is  driven  by  wind  or  tide,  or  any  oLber  aeeident,  aorsM  tba 
fora  part  of  aaolber  ship. 

ATLAS,  in  matters  of  Hteratnra,  a  boiA  of  nape,  either 
celestial,  a*  Dr.  Jamlesen'a  atlas ;  or  terrestrial,  as  Arrow- 
■■lilfa'a  ad  a*. 

ATRIPLEX,  orach,  or  araob. 

ATROFA,  deadly  nigbtshade,  wbose  horrid  black  berries 
and  root  are  the  rankest  poison*. 

ATTACHMENT,  in  Law,  the  apprebeoding  of  a  person  by 
virtue  of  a  writ  An  attaohment  is  iaaned  out  of  a  higher 
oonrt  thaa  a  writ,  and  may  tie  against  Ae  body  and  goods. 

ATTAINDER,  in  Law,  tbe  immediate  inseparable  oonse- 
<|iicnoe  of  sentence  of  death  beini;  pronounced  upon  a  criminal ; 
«r  wben  a  person  flees  from  justice,  which  la  taoitly  eoefessing 
Ua  guilt,  the  judgment  of  oatlawry  is  the  attainder,  for  tbe 
person  is  stained,  atfiartui,  or  blackenefl,  by  his  own  aet. 

ATTITUDE,  iD  Painting  and  Sonlpture,  the  gesture  of  a 
flgure  er  statue;  or  such  a  dispgaitioD  of  their  parts  as  serves 
to  express  the  notion  and  sentiments  of  the  person  represented. 

AITORNBY  AT  L«w,  one  put  in  tba  place  of  another  per- 
son, to  manage  his  matters  in  law.  Tbe  attomevs  are  a  regular 
Mrps,  admitted  to  the  execution  of  tbrir  duties  by  the  superior 
•ODita  of  Westminster  Hall,  aad  are  in  all  point*  oQeers  of 
tbe  rflspective  oourts  into  wbioh  they  are  admitted.  Tbe 
Attorney ^!:eD era),  a  great  oficcr  appointed  by  tbe  kin^s  letters 
patent,  proiecntea  for  the  crown  in  mattsrs  orininat.  His 
proper  place  in  court  is  under  the  judges,  on  the  left  of  their 
alerk :  usually,  however,  be  sits  within  Ibc  bar  in  front  of  the 

ATTRACTION,  tbe  tendency  which  all  bodies  bave  to 
approach  each  oilier,  is  distiognished  into  the  attraetioa  of 
cohesion,  and  the  allraotion  of  gravitation.  The  attraction  of 
eobesion  takes  place  between  bodies,  only  wben  they  are  at 
very  small  distances  from  each  other.  By  this  attraction,  poa~ 
■assed  by  the  minute  parts  of  matter,  bodies  preserve  Uieir 
(arm,  and  are  prevented  from  falling  to  pieces.  To  prove  tbe 
attraction  of  cohesion,  take  two  pieces  of  lead  with  flat  sur- 
hoes ;  scrape  then  clean  with  a  knife,  si{neeB«  Ihem  together, 
and  they  will  adhere  so  firmly  as  to  be  separated  with  diDoatty. 
And  If  you  wot  two  bits  of  glass  with  water,  they  alio  will 
adhere  flrmty.  Two  globalea  of  (fuickallver  placed  near  eaeb 
other,  will  ran  together,  and  become  one  drop  or  ball. 

A  TaUe  af  toketn4  Petotr*  af  difftrtiU  Soiidi.—To  estimate 
the  absolute  coheainn  of  aoliij  bodies.  Professor  Mnsschen- 
broeck,  applied  weights  to  separate  them  acoording  to  their 
Isngth.  The  pieces  of  wood  he  oaed  were  parallelopipedons, 
wbose  side  was  Afhi  of  an  inch.  The  motal  wires  used  were 
J|tb  of  a  Rliioland  inch  in  diameter.  They  were  drawn  asnnder 
by  tbe  fDUowiog  weights: 


Fir 100 

Elm 860 

Alder 1000 

Oak 1100 

Beech 12fi» 

Ash 13M 


Copper 299) 

Brass 300 

Gold MO 

Iron 450 

Silrer ,370 

Tin 40) 

as* 


capillary,  I 

tti  level  being  small  as  hairs.  And  the  snipensioB  of  iaidsfa 
capillary  tabes  is  owing  to  the  attraction  ef  tbe  ring  oontignoBt 
to  tba  apper  snr&ce  of  tba  fluid.  The  height  to  whieb  Aa 
fluid  rises  is  ioveraaly  as  tbe  diameter  of  the  bore.  Ej^^tri- 
wtenlt:  Take  a  small  glass  tube  open  at  both  CBdt,  dip  i^  ia 
water,  and  tbe  water  wiR  rise  in  the  tobe  higher  Ihia  its  level 
in  the  basin:  tbe  water  will  rise  tbe  higher,  the  smaller  tbe  bM* 
of  the  tobe  Is.  Take  two  pieces  of  glass,  five  or  six  inobaa 
sqaare,  join  any  two  of  their  sides,  separate  the  opposita  aide* 
with  a  small  piece  of  wood,  so  that  the  surface  may  form  a 
•Ball  opening,  and  immerse  them  about  an  inch  decphaa  baain 
of  eoloared  water :  then  tbe  water  will  rise  between  the  gbuaoa, 
and  fotm  a  very  beaulifnl  cnrve.  Upon  tbe  same  priaeipis  il 
is  that  a  piece  of  sogar,  or  a  sponge,  draws  np  water  or  09 
other  ftHd.  All  vegetables  are  but  bondles  of  capillary  tnbas; 
aad  whotherwfrGOOfllderearth.waler,  salt,  andoil,  as  tbefaadaf 
plants,  that  food  must  be  fonncd  by  water  into  an  eBHilBio% 
oapaMe  of  being  acted  upon  by  capillary  attraetioii ;  nntass 
we  snppose  tbe  juice,  or  food,  to  rise  In  these  tabes  by  sowo 
law  of  hydraulics.  As  all  tbe  roots  are  but  assemblafes  of 
these  tnbea,  there  can  be  little  donbt  but  tbeir  attractioa  sap- 
plies  the  plant  or  tree  wtth  tts  int  fbod  ;  Ibough  other  eaaaea, 
no  donbt,  assist  in  carrying  it  to  the  tops  of  the  tallest  treea, 
such  aa  dilatation  and  eontraclioD,  by  tbe  aacoesslve  bent  and 
cald  of  day  and  night;  the  innscuiai  action  of  vaacnlar  rings 
round  the  tubes,  irritated  to  contraction  by  tbe  stimalaot  sap, 
1(0.  The  interior  bark  conducts  tbe  nDurishnent  supplied  by 
the  earth.  Leaves  on  one  side  draw  nutrition  also  from  th« 
air,  sod  pcrapire  en  tbe  other ;  light  probably  does  tbe  rest. 
It  is  probably  owing  to  the  various  degrees  of  cohcaioo,  tbat 
some  bodies  are  hard  and  others  soft ;  that  soma  are  ia  a  solid, 
others  in  a  fluid  stale.  For' when  attraetian  prevalla  in  bodiBS, 
they  become  solid  ;  when  fire  prevails,  they  beeoote  gas ;  haiioa 
fluidity  seems  a  nwdinm  between  both.  As  it  is  by  tbe  nttrao- 
tlon  of  cohesion  tbat  the  parts  of  bodies  are  kept  togeth**, 
this  attraction  ia  overcome  when  a  body  is  broken,  Hoaoe 
tbe  reason  of  soldering  metals,  gluing  wood,  tui.  Hende,  alaa, 
when  the  particles,  or  moleculte,  of  whioh  a  body  is  oompoaad, 
so  adhere  the  one  to  the  other,  tbat  they  cannot  be  sepaiatcd 
without  effort,  we  say  ot  such  a  body  tbat  it  is  solid  1 — soeb  are 
metals,  stone,  wood,  &c-  Hmce,  alM,  sneh  lubstanoes  aa  an 
eompoied  of  particles  adhering  very  sllglttly,  and  wbicb,  ylcld> 
'lag  to  any  small  eflbrt,  are  easily  moved  amoar  eadi  othor.Me 
tenn  floids,  sneh  as  water,  beer,  air.  Ice.  Tliose  pn^tcrtioa' 
nay  reaatt  IVom  tbe  different  flpires  of  tbe  partiolea,  and  tba 
greater  or  less  degree  of  attraction  tberenpon.  Blaaticatx  nay 
arise  ft-om  the  panicles  of  a  body,  when  distended,  not  being 
amply  drawn  into  each  other's  altiaotion  ;  as  soon,  tberefcm, 
as  the  force  which  sots  upon  it  ceases,  they  restore  tbenuelvaa 
to  their  former  position.  Density,  strictly  speaking,  denotes 
the  closeness  of  particles,  and  we  ase  tbe  word  here  aa  a 
term  of  comparison,  expressing  tbe  proportion  or  quantity  of 
matter  in  one  body,  lo  the  quantity  in  anoiber.  KepulsioD  i> 
a  force  supposed  to  extend  to  a  small  distance  raand  boriieai 
and  prevent  Ibtra  from  coming  in  actual  contact.  The  mpeU 
Ung  force  of  the  particles  of  a  fluid  is  small,  and  Ibarc&iv,  if 
a  fluid  be  divided,  it  readily  unites  afcain.  Bat  if  a  hard  sob- 
stanoe  bo  broken,  the  parts  cannot  be  made  to  adhere,  nnlea* 
they  bo  moistened  or  melted  according  to  tbeir  nature.  Water 
repels  most  bodies  till  they  are  wet.  A  small  3«wiog  acedia 
will  swim  in  a  basin  of  water.  Drops  of  water  will  roll  on  lb* 
leaves  of  many  vegetables  wilhoat  wetting  them.  If  a  ball  of 
light  wood  be  dipped  in  oil,  and  afterwards  dropped  into  water, 
the  water  will  be  repelled  from  the  wood,  and  will  foran  a 
chanoel  round  il.  Density,  therefore,  ia  directly  as  the  ^ftmrn* 
tily  of  matter,  and  inversely  as  tbe  magnitade  of  tiac  body<. 

TjU  AttraiHiim  of  CrosiiatioH.— Gravity  is  that  (mem  by 
which  all  tbe  masses  of  matter  tend  towards  each  other,  and 
which  they  exert  at  all  distances.  It  it  by  this  attraction  that 
tbe  heavenly  bodies  are  retained  In  tbeit  several  places,  by  theii 
action  on  each  other,  and  it  is  also  by  this  that  a  stone  dropped 
fromahejgbtfallstothesurface  of  the  earth.  ItisoDeeflkelawa 
of  natora,  thai  every  particle  of  matter  gravitatea  towaids  ovary 
other  parliok.    Tfa«  pUneU  and  cooMta  all  giavitata  tasrasdi 
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•  aO  —  1333  icrwnf,  or  3|  ousoei.  TbU  ia  the  iaertia  eqniTB- 
lent  to  tbatof  Uie  wbeel tiktd,  and  th«  friction -wheeli  bother ; 
for  tbo  rule  eitendj  to  the  eatimBtioii  of  tbe  inertia  of  the  maia 
oontaiDed  ia  all  the  wheel*.  The  reaictauoe  to  motian,  there' 
fore,  ariainK  from  the  wheeli'  inertia,  will  he  tbe  same  aa  if 
tbej  were  abaolalelj  removed,  and  a  maaa  of  3)  oddccs  were 
nnifonnt;  accumulated  in  thedrcarofereDceof  tbe  wbeel  ated. 
This  bein^  premised,  let  the  boxes  A  aud  B,  fig.  119,  be 
replaced,  being  saapeitded  by  the  silk  line  over  the  wheel  or 
palle;  abtd,  and  balaDcing  eacb  other:  suppose  that  an; 
weight  m  be  added  to  A,  so  that  it  ahalt  descend,  the  exact 
qnautitj  of  matter  moved,  daring  the  descent  of  the  weight  A, 
will  be  ascertained,  for  the  whole  mass  will  be  A+  B  +ni  +2)  ob. 
In  order  to  avoid  tronblesome  compatHtions  in  adjuating  the 
quantities  of  matter  moved  and  the  moving  forces,  some  deter- 
'  minate  weight  of  convenient  magnitude  may  be  assumed  as  a 
standard,  to  which  all  the  others  are  referred.  This  standard 
weight  in  the  subsequent  experiments  ia  i  of  an  ounce,  and  ia 
vepreaeoted  by  tbe  letter  ta.  The  inertia  of  the  wheels 
li<dng  therefore  :=  2}  ounces,  will  be  denoted  by  1 1  m.  A 
and  B  are  two  boxes,  constructed  so  as  to  contain  different 
qoantities  of  matter,  according  as  the  experiment  may 
require  them  to  be  varied ;  the  weight  of  eacb  box,  including 
the  book  to  which  it  is  suspended,:::  1|  oi,,  or  according  to  the 

(receding  estimation,  the  weight  of  each  box  will  he  denoted 
y    6  M  i  these 
boiei     contain 


to  be  equivalent 

to    4  m ;    other 

weight*  otiOM.^  Xm,  t  =  nt,  and  aliquot  parts  of  «t,  such  as 

),  i  ta,  may  be  alio  iacladed  in  the  boxes,  according  to  tbe 

oondiliona  of  tbe  diffcTent  experiments  hereafter  described. 

If4l0E.  or  19m,  be  inolnded  in  either  box,  this,  with  the 
weight  of  tbe  box  itself,  will  be  26  m ;  so  that  when  the  weighta 
A  and  B,  eacb  being  25  m,  are  balanced  in  the  manner  above 
repreacnted,  their  whole  mass  will  be  fiOm,  which  being  added 
to  the  inertia  of  the  wheels  11  m,  the  anm  wilt  be  61  m.  More- 
over, three  circular  weights,  such  as  that  which  is  represented  at 
fig.  123,  are  constructed ;  eacb  of  which  :=  i  aa.  or  m :  if  one 
of  tbeae  be  added  to  A  and  one  to  B,  the  whole  maas  will  now 
become  03m,  perfectly  in  equilibrio,  and  moveable  by  the  least 
weight  added  to  either,  (aetting  aside  tbe  effects  of  friction,)  in 
the  same  manner  precisely  aa  if  the  same  weight  or  force  were 
applied  to  oommonicate  motion  to  the  maaa  63  m,  existing  in 
free  apace  and  without  gravity. 

3.  Tit*  moving  Forci.  Since  the  natural  weight  or  gravity  of 
any  given  substance  ia  constant,  and  the  exact  quantity  of  it 
easily  eatimated,  it  will  be  convenient  here  to  apply  a  weight 
to  the  maa*  A  a*  a  moving  force  :  thus,  when  the  system  coo- 
siats  of  a  maas  ^  63  at,  according  to  the  preoediDg  description, 
the  whole  being  perfectly  balanced,  let  a  weight  \  oz.  or  m, 
>oeb  as  ia  represented  in  Gg.  123.  be  applied  on  the  mass  A  ; 
thiawill  communicate  motion  to  the  whole  system :  by  adding 
a  quantity  of  matter  m  to  the  former  mass  63  n.  the  wholi 
quantity  of  matter  moved  will  now  become  dlni;  and  the  mov- 
ing force  being  ^  m,  this  will  give  the  force  which  acceleratei 

the  descent  of  A  ^  etna'  "^  "^  ^^^  "'  ^^  accelerating  force 
b;  which  the  bodies  descend  freely  toward*  the  earth's  surface. 


placed  on  A,  the. moving  force  will  now  become  3  m.   and  the 
maaa  moved  04  ■■  as  before,  and  the  force  which  acceleraiei 

tiw  dnoeat  of  A  =  ^-  =  -H  putt  of  tlie  force  by  which 


jrravitr  UMlentei  bodies  in  Ibeir  free  descent  to  the  auftM. 
Suppoae  it  wore  required  to  make  the  moving  force  Sm,  tb« 
maas  moved  conlinoing  the  aame.  Id  order  to  effect  thii.  iat 
the  three  weights,  eaob  of  which  =  m,  be  removed ;  A  and  B 
will  balance  each  other ;  and  (he  whole  maas  will  be  61  m  : 
let  IM  fig.  193,  be  added  to  A,  and  i  m  to  B,  tbe  eqailibriu 
will  still  be  preserved,  and  the  mass  moved  will  be  oam ;  bow 
let  2  at  be  added  to  A,  the  moving  force  will  be  3  m,  and  tbo 
mass  moved  64  m  as  before ;  wherefore  the  foree  of  aeeeleri^ 
tion  =  J,  part  of  the  acceleration  ofgtavity.  These  alteratiooa 
in  the  moving  force  may  be  made  with  great  ease  and  «»*•- 
nience  in  tbe  more  obvions  and  elementary  experiments,  theto 
being  no  necessity  for  altering  the  contents  of  the  boxes  A  and 
B ;  but  tbe  proportion  and  ahsolulo  quantities  of  the  movinf 
force  and  mass  moved  may  be  of  any  assigned  magnitude, 
according  to  the  conditions  of  tbe  proposition  to  be  illustrated. 

8.  O^Ji*  Sfatt  deteribtd.—Tbt  body  A,  fig.  tIS.  descend*  in 
a  vertical  line ;  and  a  scale  about  64  inches  in  length  graduated 
into  incbes  and  tenths  of  an  inch  is  adjusted  vertieslly,  and  ao 
placed  that  tbe  descending  weight  A  may  fall  in  the  middle  of 
a  square  stage,  fixed  to  receive  it  at  the  end  of  the  descent: 
the  beginning  of  the  descent  is  estimated  from  o  on  the  seals, 
when  the  bottom  of  the  box  A  is  on  a  level  with  o.  Tba 
descent  of  A  is  terminated  when  the  bottom  of  the  box  strikea 
the  stage,  which  may  be  fixed  at  different  distances  from  tba 
point  o ;  so  that  by  altering  the  position  of  the  stage,  the  spaCA 
described  from  quiescence  may  be  of  any  given  magnitude  lew 
than  64  inches. 

4.  Tli€  Time  of  motion,  is  observed  by  tbe  beats  of  a  pendnlun. 
which  vibrates  seconds;  and  the  experiments,  intended  to 
illustrate  the  elementary  propositions,  may  be  easily  so  eoft- 
structed,  that  tbe  time  of  motion  shall  be  a  whole  number  of 
seconds :  the  estimation  of  tbe  time,  therefore,  admit*  of  oob- 
siderable  exactness,  provided  tbe  observer  takes  care  to  let 
the  bottom  of  tbe  box  A  begin  its  descent  precisely  at  any  beat 
of  the  peudulom ;  then  the  coincidence  of  the  stroke  of  tbe  box 
against  the  stage,  an^  the  beat  of  the  pendulum  at  the  end  of 
the  time  of  motion,  will  shew  how  nearly  the  experiment  and 
the  theory  agree  together.  There  might  be  various  mechanical 
devicea  thoaght  of  for  letting  the  weight  A  begin  its  descent 
at  the  instant  of  a  beat  of  the  pendulum  W :  let  the  bottom  «f 
the  box  A,  when  at  o  on  the  scale,  rest  on  a  Oat  rod,  held  ia 
the  hand  horlcontally,  its  extremity  being  coincident  wilk 
o  ;  hy  attending  to  the  beats  of  the  pendulum,  and  with  a  littto 
practice,  the  rod  which  supports  the  box  A  may  be  removed  at 
the  moment  the  pendulum  beats,  so  that  tbe  descent  of  A  aball 
commence  at  the  same  instant. 

5.0/ tilt- Vtloeilf  ae^ired.—^lt  remains  only  to  describe  is 
what  manner  the  velocity  acquired  by  tho  descending  weicbt 
A,  at  any  given  point  of  the  space  through  which  it  Ma 
descended,  is  made  evident  to  the  senses.  Tbe  velocity  of  A'a 
descent  being  continually  accelerated,  will  be  the  same  In  dq 
two  points  of  the  space  described.  This  is  occasioned  by  the 
constant  action  of  the  moving  force ;  and  since  the  velocity  of 
A  at  any  instant  is  measured  by  the  space  which  woald  ba 
described  by  it,  moving  uniformly  for  a  given  time  with  tba 
velocity  it  bad  acquired  at  that  instant,  this  measure  cannot 
he  experimentally  obtained,  except  by  removing  tbe  force  by 
which  the  descending  body's  acceteration  was  caused.  !■ 
ordertosbew  in  what  manner  this  is  affected  practically,  let  as 
ajrain  suppose  the  boxes  A  aod  B  :=  26  m  each,  so  as  together 
to  be  =  60  m;  now  let  m,  Eg.  131,  be  added  to  A,  and  an  eqaal 
weight  m  to  B,  these  bodies  will  balance  each  other,  and  tba 
whole  mass  will  be  63m.  If  a  weight  n  be  added  to  A.  motfaw 
will  be  communicated,  the  moving  force  being  m,  and  the  maaa 
moved  64m.  In  estimating  the  moving  force,  the  cireolK 
weight  :^  m  was  made  use  of  as  a  moving  force :  but  for  tba 
present  purpose  of  shewing  the  velocity  acquired,  it  will  ba 
convenient  to  use  a  flat  rod,  the  weight  of  which  is  a)so=  ah 
Let  the  bottom  of  the  box  A  be  placed  on  a  level  with  o  flB 
the  scale,  the  whole  mass  being  as  described  above  ^  63  at, 
perfectly  balanced  in  equilibrio.  Now  let  the  rod,  the  weight 
of  which  ^m,  be  placed  on  tho  upper  surface  of  A ;  this  bodj 
will  descend  along  tbe  scale  precisely  in  the  same  manner  aa 
when  tbe  moving  force  was  applied  in  the  form  of  a  ciroolnr 
weight    Suppose  the  maas  A.  (fig-  t21.)  to  have  dciceitdad  by 
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aatumn.  Gather  gooseberries,  commts,  and  all  ripe  fimit. 
Plant  erergreens,  repair  lawns,  destroy  ferns,  netttes,  and 
weeds  aboat  park  scenery  and  fences.  Take  np  bulbs,  trans- 
plant biennials,  &c. 

AULA  Regis,  a  court  established  by  William  the  Conqueror, 
in  his  own  hidl,  and  composed  of  the  great  officers  of  state. 
The  1  Ith  article  of  Magna  Cbarta  regulates  thin  court,  which  is 
now  established  in  Westminster  Hall.    See  King's  Bench. 

AULIC  Council,  composed  of  the  great  officers  of  the  Ger- 
man empire,  always  follows  the  emperor's  court,  but  ceases  on 
his  death;  whereas  the  imperial  chamber  of  assise  is  perpetual, 
and  represents  not  only  the  deceased  emperor,  but  the  whole 
Germanie  body.  Aulic,  in  the  Sorbonne,  &c.  is  an  act  which 
a  young  dinne  maintains,  opon  being  admitted  a  doctor  of 
divinity.  It  commences  by  an  harangue  of  the  chancellor, 
addressed  to  the  young  doctor,  after  which  he  receives  the  cap, 
and  presides  at  the  aulic  or  disputation. 
.  AURIGA,  in  Astronomy,  the  Waggoner  or  Charioteer,  a 
mere  type  or  scientific  symbol  of  that  beautiful  fable  which  is 
given  us  of  Phaeton ;  or.  more  properly,  he  may  be  the  attendant 
of  Phoebus  at  that  remote  period  when  Taurus  opened  the 
year.  The  boundaries  and  contents  of  this  constellation  are 
these: — North  by  Camelopardalis,  east  by  Lynx,  Herschel's 
Telescope,  and  Gemini ;  south  by  Taurus,  and  west  by  Per- 
seus. Auriga  contains  66  stars,  one  of  the  1st  magnitude,  two 
of  the  2d  magnitude,  nine  of  the  fourth,  &c.  The  declination 
generally  is  46^  north,  and  its  right  ascension  75^.  A  large 
portion  of  this  constellation  is  always  above  the  horizon  to  the 
British  isles,  and  consequently  to  all  places  in  corresponding 
latitudes.  The  Charioteer's  head  passes  vertically  over  England 
and  Ireland.  The  most  remarkable  star  in  this  constellation, 
and  indeed  in  this  quarter  of  the  firmament,  is  Capella,  of  the 
1st  magnitude,  situated  on  Auriga's  left,  or  westeni  shoulder; 
its  north  declination  is  46P  4T  1^,  and  its  right  ascension  76^ 
61'  3*,  or  5  hours  3  minutes  in  time.  Capella  culminates  for 
the  first  day  of  each  month  in  the  year,  as  follows ;  and  by 
adding  llThoors  to  the  culminating  of  this  or  any  other  star, 
we  determine  the  time  it  is  on  the  meridian  under  the  pole. 
Meridian  altitude,  84^  16'  18*  north. 


Month. 

Jan. 
Feb. 
March 
April 


Culm. 

MOHTH. 

ho.  mi. 

10  16  A. 

Mtj 

8     8  A. 

Jane 

6  20  A. 

Jaly 
1     Aag. 

4  SO  A. 

COLM. 

Month. 

ho.  mi. 

2  45  A. 

Sept. 

12  55  A. 

Oct. 

10  20  M. 

Nor. 

8  15  M. 

Doo. 

COLM. 
ho.  rai. 

C  16  M. 

4  22  M. 

2  80  M. 
12  30  M. 


AURORA  BOREALIS,  or  Northern  Twilight t,  or  streamers, 
ma^  be  defined  an  electrical  phenomena,  or  aerial  electricity, 
which  is  seen  generally  in  the  winter  time,  and  in  frosty  wea- 
ther and  clear  evenings,  in  the  Hyperborean  regions  of  the  skies. 
This  meteor  assumes  every  variety  of  tint  that  embellishes  the 
iris  or  rainbow,  but  wears  generally  a  fiery  and  purple  hue. 
Its  appearance  is  indeed  now  so  generally  known,  even  in  this 
country,  that  a  more  particular  description  is  not  requisite : 
but  it  may  be  just  observed,  that  as  we  only  see  the  extremities 
of  this  brilliant  phenomenon,  we  can  have  but  a  faint  idea  of 
its  real  splendour  in  the  arctic  regions,  where  it  appears  in 
perfection,  and  proves  a  great  solace  to  the  inhabitants  amidst 
the  gloom  of  the  long  winter  nights.  In  some  parts  of  Siberia, 
particularly,  this  beautiful  meteor  is  constantly  exhibited  from 
October  to  Christmas,  and  its  radiating  beams  in  those  parts 
are  remarkablv  bright. 

Captain  Ellis,  who  wintered  on  the  western  coast  of  Hud- 
son's Bay  in  North  America,  observes,  that  no  sooner  does  the 
sun  disappear  in  those  regions,  than  the  aurora  borealis  diffuses 
a  thousand  different  lights  and  colours  over  the  whole  con- 
cavity of  heaven,  with  such  resplendent  beauty,  that  even  the 
full  moon  cannot  eclipse  their  lustre.  It  was  for  a  long  time  a 
matter  of  doubt  whether  this  meteor  made  its  appearance  in 
the  southern  hemisphere ;  but  Mr.  Foster,  who  went  round  the 
world  with  Captain  Cook,  ascertained  the  fact,  Feb.  17,  1773, 
in  lat.  58P  south,  though  it  appeared  with  phenomena  some- 
what  different  from  onrs.  Concerning  the  cause  of  the  aurora 
borealis,  many  conjectures  have  been  formed ;  but  that  which 
seems  to  be  supported  by  the  most  specious  reasoning  ascribes 
ilf  origin  to  electricity.    It  is  supposed,  that  most  of  the 


extraordinary  meteors  and  appearances  in  the  skies,  rdatod  at 

Krodigies  by  historians,  e.  g,  battles,  and  the  like,  may  be  pro- 
ably  enough  reduced  to  the  class  of  aurwa  boreales,  la 
certain  states  of  the  atmosphere  these  phenomena  have  some- 
times assumed  the  colour  of  blood,  and  made  a  dreadful 
appearance.  At  these  times  the  rustic  sages  became  pro- 
phetic, and  terrified  the  gazing  spectators  with  the  dread  of 
wars,  pestilence,  and  famine  :  even  persons  more  enlightened 
supposed  them  to  be  portentous  of  great  events,  and  timid 
imaginations  shaped  them  into  aerial  conflicts. 

Captain  Franklin  enumerates  auroa  Borealis,  at  one  time, 
in  form  of  a  bright  arch,  extending  across  the  xenith,  in  a 
north-west  and  south-east  direction, — at  another,  it  was 
extremely  brilliant,  its  coruscations  darting  at  times  over  the 
whole  sky,  and  assuming  various  prismatic  colours,  of  which 
violet  and  yellow  were  predominant, — again,  its  appearances 
were  greatly  diversified,  and  its  motion  extremely  rapid,  its 
coruscations  occasionally  concealed  stars  of  the  first  magni- 
tude in  passing  over  them ;  once  a  stream  of  light  illomuied 
the  under  surface  of  some  clouds  as  it  passed  along : — these 
appearances  were  visible  in  the  winter.  In  the  spring  Uie  anrora 
was  very  brilliant  and  variable ;  at  one  time  exhibiting  illo- 
mined  beams  issuing  from  the  horizon  in  the  north,  east,  and 
west  points,  and  directed  towards  the  zenith  ;  in  a  few  seconds 
these  disappeared,  and  a  complete  circle  was  displayed, 
bounding  the  horizon  at  an  elevation  of  15^.  There  was  a 
quick  lateral  motion,  in  the  attenuated  beams  of  which  this 
zone  was  composed.  Its  colour  was  pale  yellow,  with  an  occa- 
sional tinge  of  red.  On  another  occasion,  the  aurora  borealis 
appeared  from  north-west  to  south-east,  in  an  arch  across  the 
zenith,  which  afterwards  gave  place  to  a  beautiful  corona 
borealis. 

In  the  month  of  Jan.  1821,  the  aurora  appeared  with  more 
or  less  brilliancy  on  28  nights,  and  for  many  days  together 
the  resplendent  moon  whirled  in  circles  round  the  heavens, 
shining  with  undiminished  lustre,  and  scarcely  disappearing 
below  the  horizon  during  the  twenty-four  hours. 

But  Captains  Franklin  and  Parry,  and  Dr.  Richardson,  who 
have  added  to  our  already  accumulated  facts  relative  to  this 
curious  phenomenon,  have  thrown  no  light  on  its  theory.  Now 
it  is  known  that  the  luminous  beams  of  this  meteor  are  all 
cylindrical,  and,  over  a  certain  extent  of  country,  parallel  to 
one  another.  And  if  these  cylindrical  beams  are  magnetic, 
and  parallel  to  the  dipping  needle  at  the  places  over  which 
they  appear,  then  is  the  aurora  borealis  a  purely  magnetic 
phenomenon,  whose  beams  are  governed  by  the  earth's  mag- 
netism. And  this  is  the  more  probable,  as  the  distance  of 
these  beams  from  the  earth  is  nearly  equal  to  their  length ;  the 
rainbow-like  arches  being  about  IdO  miles  above  the  earth's 
surface. 

Lieutenant  Back,  the  brave  companion  of  Captain  Franklin, 
relates  that,  in  the  same  journey  to  the  Polar  sea,  he  imagined 
more  than  once,  whilst  listening  attentively  in  the  silence  of 
midnight  on  the  wilds  of  the  American  lakes,  and  gasang  on 
the  fantastic  beauties  of  the  aurora  borealis,  he  heard  a 
rustling  noise,  like  that  of  autumnal  leaves  stirred  by  the  wind. 
This,  however,  he  thinks  was  but  illusion.  The  aurora  was  very 
sluggish  and  dim,  otherwise  he  has  little  doubt  he  should  have 
ascertained  this  yet  undecided  fact.  One  of  the  partners  of 
the  North  West  company  afiirmcd,  however,  that  on  one  occa- 
sion amidst  these  solitudes,  he  saw  the  coruscations  of  the 
aurora  so  vivid  and  low,  that  the  Canadians  fell  on  their  faces, 
fearing  they  should  be  killed :  he  himself  threw  away  his  gun 
and  his  knife,  that  he  might  not  attract  the  flashes,  which  were 
within  two  feet  of  the  earth,  flitting  along  with  incredible  svrifl- 
ness,  and  moving  parallel  to  its  surface,  making  a  loud  rustling 
noise  like  the  waving  of  a  flag  in  a  strong  breeze.  On  anothor 
occasion  these  lights  rose  about  north-west,  divided  into  three 
bars,  diverging  at  equal  distances,  as  far  as  the  zenith,  and 
then  converging  till  they  met  in  the  opposite  horizon ;  there 
were  some  flashes  emitted  at  right  angles  to  the  bars.  At 
another  time  the  coruscations  were  so  bright  as  to  discover 
eight  wolves  prowling  about  the  voyagers.  Heavy  storms 
were  at  some  places  generally  anticipated  by  the  activity  of  tke 
aurora  borealis ;  though  not  invariably  so  in  other  parta  of  tiM 
country. 
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also  executed  some  rery  carioas  pieces  of  mechanism :  one 
was  a  clock,  presented  to  the  king  of  Spain,  which ^  had, 
among  other  cariosities,  a  sheep  that  imitated  the  bleating  of 
a  nataral  one,  and  a  dog  watching  a  basket  of  frait,  that  barked 
and  snarled  when  any  one  offered  to  take  it  away ;  besides  a 
variety  of  human  figures,  exhibiting  motions  truly  surprising. 
The  automaton  cl^ss-player  is  yet  more  surprising.  This 
wonderful  piece  of  mechanism,  the  invention  of  M.  de  Kemplin, 
an  Hungarian  gentleman,  has  for  may  years  lain  dormant.  It 
was  brought  to  England  in  the  year  1817,  and  exhibited  in  the 
great  room.  Spring  Gardens,  London,  and  in  other  places,  to 
the  admiration  and  satisfaction  of  thousands.  We  shall  here 
give  a  description  of  its  mechanism  and  operations.  The  room, 
where  it  is  exhibited,  has  an  inner  apartment,  within  which 
appears  the  figure  of  a  man,  as  large  as  life,  dressed  after  the 
Turkish  fashion,  sitting  behind  a  chest  three  and  a  half  feet 
in  length,  two  feet  in  breadth,  and  two  feet  and  a  half  in 
height,  to  which  it  is  attached  by  a  wooden  seat.  The  chest 
is  placed  upon  four  castors ;  and,  together  with  the  figure,  may 
be  moved  to  any  part  of  the  room.  On  the  plain  surface, 
formed  by  the  top  of  the  chest,  in  the  centre,  is  a  raised 
immoveable  chess-board,  upon  which  the  figure  has  its  eyes 
fixed;  its  right  arm  and  hand  being  extended  on  the  chest,  and 
its  left  arm  holding  a  Turkish  tobacco-pipe.  The  exhibitor 
begins  by  wheeling  the  chest  to  the  entrance  of  the  apartment 
within  which  it  stands,  and  in  face  of  the  spectators.  He 
then  opens  certain  doors  in  the  chest,  two  in  front,  and  two 
at  the  back,  at  the  same  time  pulling  out  a  long  shallow 
drawer  at  the  bottom,  which  contains  the  chess-men,  a  cushion 
for  the  arm  of  the  figure  to  rest  upon,  and  some  counters. 
Two  lesser  doors,  and  a  green  cloth  screen,  contrived  in  the 
body  of  the  figure,  and  its  lower  parts,  are  likewise  opened, 
and  the  Turkish  robe  which  covers  them  is  raised ;  so  that  the 
construction  both  of  the  figure  and  chest  internally  is  displayed. 
In  this  state  the  automaton  is  moved  round  for  the  examina- 
tion of  the  spectators ;  and  to  banish  all  suspicion  that  any 
living  thing  is  concealed  within  any  part  of  it,  the  exhibitor 
introduces  a  lighted  candle  into  the  body  of  the  chest  and 
figure,  by  which  the  interior  of  each  is,  in  a  great  measure, 
rendered  transparent,  and  the  most  secret  corner  is  shewn. 
Here  it  may  be  observed,  that  the  same  precaution  to  remove 
suspicion  is  used,  if  requested,  at  the  close  as  at  the  com- 
mencement of  a  game  of  chess  with  the  automaton.  The  chest 
is  divided,  by  a  partition,  into  two  unequal  chambers.  That 
to  the  right  of  the  fi^re  is  the  narrowest,  and  occupies 
scarcely  one-third  of  the  body  of  the  chest.  It  is  filled  with 
little  wheels,  levers,  cylinders,  and  other  machinery  used  in 
clock-work.  That  to  the  left  contains  a  few  wheels,  some 
small  barrels  with  springs,  and  two  quarters  of  a  circle  placed 
horizontally.  The  body  and  lower  parts  of  the  figure  contain 
tubes,  which  seem  to  be  conductors  to  the  machinery.  After 
a  sufiicient  time,  during  which  each  spectator  may  satisfy  his 
scruples  and  his  curiosity,  the  exhibitor  re-closes  the  doors  of 
of  the  chest  and  figure,  and  the  drawer  at  bottom ;  makes 
some  arrangements  in  the  body  of  the  figure ;  winds  up  the 
works  with  a  key  inserted  into  a  small  opening  on  the  side  of 
the  chest;  places  a  cushion  under  the  left  arm  of  the  figure,  which 
now  rests  upon  it ;  and  invites  any  individual  present  to  play 
a  game  of  chess.  In  playing  a  game,  the  automaton  makes 
choice  of  the  white  pieces,  and  always  has  the  first  move. 
These  are  small  advantages  towards  winning  the  game,  which 
are  cheerfully  conceded.  It  plays  with  the  left  hand,  the 
right  ncm  and  hand  being  constantly  extended  on  the  chest, 
behind  which  it  is  seated.  This  slight  incongruity  proceeded 
from  absence  of  mind  in  the  inventor,  who  did  not  perceive 
bis  mistake  till  the  machinery  of  the  automaton  was  too  far 
completed  to  admit  of  the  mistake  being  rectified.  At  the 
commencement  of  a  game,  the  automaton  moves  its  head,  as 
if  taking  a  view  of  the  board  ;  the  same  motion  occurs  at  the 
close  of  a  game.  In  making  a  move,  it  slowly  raises  its  left 
arm  from  the  cushion  placed  under  it,  and  directs  it  towards 
the  square  of  the  piece  to  be  moved.  Its  hand  and  fingers 
open  on  touching  the  piece,  which  it  takes  up,  and  conveys  to 
any  proposed  square.  The  arm  then  returns  with  a  natural 
motion  to  the  cushion,  upon  which  it  usually  rests.  In  taking 
a  pieoe,  tho  aatomaton  makes  the  same  motions  of  the  arm 


and  hand  to  lay  hold  of  the  piece,  which  it  conveys  from  the 
board ;  and  then,  returning  to  its  own  piece,  it  takes  it  ap« 
and  places  it  on  the  vacant  square.  These  motions  are  per- 
formed with  perfect  correctness;  and  the  dexterity  with  which 
the  arm  acts,  especially  in  the  delicate  operation  of  castling, 
seems  to  be  the  result  of  spontaneous  feeling,  bending  at  the 
shoulder,  elbow,  and  knuckles,  and  cautiously  avoiding  to 
touch  any  other  piece  than  that  which  is  to  be  moved,  nor 
ever  making  a  false  move.  After  a  move  made  by  its  anta- 
gonist, the  automaton  remains  for  a  few  moments  inactive,  as 
if  meditating  its  next  move ;  upon  which  the  motions  of  the 
left  arm  and  hand  follow.  On  giving  check  to  the  king, 
it  moves  its  head  as  a  signal.  When  a  false  move  is 
made  by  its  antagonist,  which  frequently  occurs  through 
curiosity  to  observe  in  what  manner  the  automaton  will  act, 
(as,  for  instance,  if  a  knight  be  made  to  move  like  a  castle,) 
the  automaton  taps  impatiently  on  the  chest  with  its  right 
hand,  replaces  the  knight  on  its  former  square,  and,  not  per- 
mitting its  antagonist  to  recover  his  move,  proceeds  immiedi- 
ately  to  move  one  of  its  own  pieces,  thus  appearing  to  punish 
him  for  his  inattention.  The  little  advantage  in  play  which  is 
hereby  gained,  makes  the  automaton  more  a  match  for  its 
antagonist;  and  seems  to  hav^  been  contemplated  by  the 
inventor  as  an  additional  resource  towards  winning  the  game. 
— It  is  of  importance  that  the  person  matched  against  the  aato- 
maton should  be  attentive,  in  moving  a  piece,  to  place  it  pre- 
cisely in  the  centre  of  its  square;  otherwise,  the  figure, 
in  attempting  to  lay  hold  of  the  piece,  may  miss  its 
hold,  or  even  sustain  some  injury  in  the  delicate  mechanism 
of  the  fingers.  When  the  person  has  made  a  move,  no  altera- 
tion in  it  can  take  place ;  and  if  a  piece  be  touched,  it  mast 
be  played  somewhere.  This  rule  is  strictly  observed  by  the 
automaton.  If  its  antagonist  hesitate  to  move  for  a  consider- 
able time,  it  taps  smartly  on  the  top  of  the  chest  with  the  right 
hand,  which  is  constantly  extended  upon  it,  as  if  testifying 
impatience  at  his  delay.  During  the  time  that  the  automaton 
is  m  motion,  a  low  sound  of  clock-work  is  heard,  which  ceases 
soon  after  its  arm  returns  to  the  cushion,  and  then  its  antago- 
nist may  make  his  move.  The  works  are  wound  up  at  inter- 
vals, after  ten  or  twelve  moves,  by  the  exhibitor,  who  is  usually 
employed  in  walking  up  and  down  the  apartment  in  which  the 
automaton  is  shewn ;  approaching  the  chest  however,  from 
time  to  time,  especially  on  its  right  side. 

AUTUMN,  the  third  season  of  the  year :  this  begins  at  the 
descending  equinox,  which,  in  the  northern  hemisphere,  is 
when  the  sun  enters  the  sign  Libra,  about  the  twenty-second 
of  August,  and  ends  about  the  same  day  in  December. 

Autumnal  Equinox,  the  time  when  the  sun  enters  the  de- 
scending point  of  the  ecliptic,  where  it  crosses  the  equinoctial. 

Autumnal  Point,  the  point  of  the  ecliptic  answering  to  the 
autumnal  equinox. 

Autumnal  Signs,  are  the  signs  Libra,  Scorpio,  Sagittarius, 
through  which  the  sun  passes  during  autumn. 

AVIARY,  a  place  set  apart  for  rearing  and  feeding  birds, 
which  should  be  so  large  as  to  afford  the  birds  some  scope  to 
fly  about,  and  if  turfed,  there  will  be  no  appearance  of  dirt 
Good  stout  small  net,  doubled,  makes  a  good  fence  for  an 
aviary;  bat  wire  is  much  better. 

AVOIDANCE,  in  the  Canon  Law,  is  when  a  benefioe 
becomes  void  of  an  incumbent,  which  happens  either  in  fact,  as 
by  the  death  of  the  person ;  or  in  law,  as  by  cession,  depriva- 
tion, resignation,  &c.  In  the  first  of  these  cases  the  patroa 
must  take  notice  of  the  avoidance  at  his  peril ;  but  in  avoid- 
ance by  law,  the  ordinary  is  obliged  to  give  notice  to  the 
patron  in  order  to  prevent  what  is  termed  an  elapse. 

AVOIRDUPOIS,  the  weight  for  the  larger  and  coarser 
commodities  ;  such  as  groceries,  lead,  &c.  Apothecaries  bay 
by  avoirdupois,  but  sell  by  troy  weight.  The  proportion  of  a 
pound  avoirdupois  to  a  pound  troy  is  as  17  to  14. 

avowee;  one  who  has  a  right  to  present  to  a  benefiee* 
He  is  so  called  in  contradistinction  to  those  who  only  have  tlie 
lands  to  which  the  advowson  belongs,  for  a  term  of  years,  or  bj 
virtue  of  intrusion  or  disseisin. 

AVOWRY,  in  Law,  is  when  a  person  distrained  sues  oat  a 
replevin ;  for  then  the  distrainer  must  avow  and  justify  hit  plea, 
for  distraining  which  is  called  hii  avowry. 
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AiiMUTB  Cirjchip  called  ttua  ▼evtioal  circles^  ar^  great  oir- 
elea  of  Hkfi  spbjere»  iotjcri^tiag  each  oUier  in  tl^e  nmth  ig»d 
nadir,  ^ypip  cuttiby  the  borison  at  right  angles. 

Azimuth  Dial^  is  a  dial  whose  stileyoir  gnomon,  is  at  right 
ai^glea  to  the  plane  of  the  horiasoo. 

'  AZUREi  in  a  general  sense,  the  bine  co|fH>K  of  tlie  sKy ;  in 
Fainting,  a  fine  bine  colour  extracted  from,  coUaU  i^nd  lapis 
li^ijli ;  bnt  the  colour  extracted  from  tiie  latter,  is  caUed  ultra- 
marine.   Se€  Colours. 

Azui^E,  in  Heraldiy,  the  blue  colopi;  i^  the  arms  of  any  per- 
8(9^  below  the.  rank  of  %  bason.    In  the  escutpheon  of  a  no^le- 


man^  it  is  called  sapphire,  and  in  that  of  a  soveseifn  | 
Jupiter.  In  Engraving,  this  colour  is  expressed  by  linea-c 
horizontally »  This  colour  may  signify  justice,  persevfi 
and  vigilanoe ;  when  compounded  with 


Or. 

Argent, 
GuleSy 
Ver, 
Pojr, 


Cheerfulness. 

Vigilance. 

Readiness. 

Enterprise. 

Goodnf^, 

Sofirowk 
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X$ AC,  in  Navigation,  a  praam  or  ferry  boat ;  in  Brewing,  a. 
l^er  cooler,  a  large  ^hallow,  tjoji) ;  in  PisUllery,  fermenting  tubs, 
i^e  called  bacs*  And  a  bap-m^ker  is  a  cooper,  who  makes 
Uquor-bacs,  onderbacs,  coolers,  mashtubs,  working  tuns,  &c. 

BACCHARIS,  plougbiQAn's  spikenard. 

BACK  Painting,  the  method  of  painting  mei^zotinto  prints. 

Sainted  on  plate  or  crown  glass  witb,oil  colonri^thus : — the  print 
ad  glass  are  to  be  of  one  size:  the  print  is  soaked  in  watei;  two 
hours  or  longer,  till  thoroui^hly  moiatemf^ ;  then  put  between 
two  sheets  ci  cle^n  paper  to  be  dried ;  the  ((lass  is.  warmed 
gently,  and  covered  with  Strasburgb  turpentine :  the  pfate  laid 
on  it,  and  rubbed  down  closely.  Then  the  whole  o(  the  paper 
is  rubbed  o(f  with  the  palm  of  the  hand,  but  the  print,  like  9, 
tiiin  film,  is  left  upon  the  glass,  and  set  by  to  di;y.  When  dry. 
it  is  varnished  with  white  transparent  varnish,  tMid  then 
coloured,  or  paintec^  with  oil-colours,  tempered  very  stiffly ; 
the  siiadow3  of  the  engratving  being  generally  sufficiently  deep 
for  the'mcture. 

Back-Stafjf,  an  instrument  invented  by  captain  Davb  for  a 
sea  quadrant,  and  is  sp  n^med  because  the  back  of  the  observer 
is  turned  towards  the  sun  when  using  the  instrument. 

Bacx-Stays,  i^re  lonz  ropes  extending  fronp^  the  top-mast 
heads  to  both  sides  of  the  ship,  where  uiey  are  extended  to 
the  channels.  Their  use  is.  to  second  the  efidorts  of  the  shrouds 
m  supporting  itie  mast  when  strained  by  a  weight  of  sajl. 
They  are  usually  distinguished  into  breast  back-stays,  after 
back-stays,  and  shifting  back-stays ;  the  first  being  intended  to 
sustain  the  mast  when  the  ship  sails  upon  a  wind ;  or,  in  other 
terms,  when  the  wind  acts  upon  a  ship  sideways ;  the  second 
is  to  enable  her  to  carry  sail  when  the  wind  is  mcther  aft ;  and 
the  third  kind  take  their  name  from  being  shifted  or  changed 
from  one  side  to  the  other,  a^  occasion  requires.  There  are 
also  bacK-stays  to  the  top-gaUant-masts. 

BACON,  Roger,  a.Fripci^can  friaj,  bprn  near  Ilchester  in 
Somersetshire,  in  1214,  and  d^ed  in  1294.  t'his  bright  luminary 
of  the  thirteentb  century,  v^m  also  a  grei^  linguist  and  gram- 
marian, well  versed  in  the  theory  of  perspective  and  optics, 
knew  the  us^  of  convex^  and  concave  glasses,  and  is  said  to 
have  been  the  inventor  of  gunpowder,  at  least  so  far  as  related 
to  its  explosive  power:  hp  also  understood  the  erroneous  prin- 
ciple of  t^e  calendar,  and  assigned  the  cause,  and  proposed 
the  remedy :  he  possessed  great  knowledge  in  the  medical  art, 
and  was  an  able  mathematician,  metaphysician,  and  theologist. 
His  great  leaning,  however,  subjected  him  to  the  persecution 
of  his  ignorant  brethren,  who  accused  him  of  having  dealings 
with  the  devil,  and  he  wa/^  in  consequen/^e  confined  for  ten 
years,  during  which  time  he  is.  said  to  have  prosecuted  his 
studies  with  the  sam.e  ardpoj  a;i  before,  and  with  the  greatest 
possible  succes;i. 

Bacon.  Fran<;is,  Baron  of  Yerulam,  V.iscoun^of  St  Alban's, 
and  Ifoira  Hij^b  Chancellor  of  England  under  James  I.  was 
l^prn^in,  l6$D,.aiid  dipd.ii^  1620;  was  one  of  those. extraordinary 
^nln^s,  who,  by  giving  a  i»|i;ii(  direction  to  tihe.  study  of  philo- 
Mpfay,  have  mo^t^  'epnXijibVtQd  to   the  advancement  of  the 


HAL 

sciences.  He  clearly  perceived  the  imperfection  of  tbe 
sophy  of  the  old  school,  and  pointed  out  the>.  only  n^pi 
reforming  it,  by  proceeding  from  facts^  to  theories,  ai 
means  of  expenm^nts  to  the  discovery  of  the  laws  of  n 
The  baron  was  not,  however,  immaculate  in  his  qfl 
chancellor;  he  was  impeached  for  bribery  and  corrv 
found  guilty  by  his  peers,  and  fined  £40,000.  Alas  !  tl| 
^^ prophet  ofarti'*  should  h^ve  stQf^ppd  tp  rec^ve  gifu  i 
discharge  of  his  dutJies ! 

BAIL,  is  used  in  our  common  law  to  signify  the  free 
setting  at  liberty  a  perspn  arrested,  or  imprisoned  fo 
action,  either  civil  or  criminal,  on  surety  taken  fi 
appearance  at  a  certain  plfice  and  on  a  particolax  d%y, 
the  object  of  bail  is.  to  satisfy  the  condemnation  and  oi 
the  actioui  or  render  the  defendant  to  prison.  In  ori 
cases,  every  defendant  1%  not  bailable,  as  for  treason,  m 
manslaughter,  &c. 

BAL.^C£,  in  Mechanics,  a  peculiar  application  < 
lever,  in  order  to  determine  the  difference  or  equality  of  w 
in  heavy  bodies,  and  consequently  their  masses  or  quan 
matter.  There  are  various  .kinds  of  balances ;  the  princi 
which,  however,  are  the  Common  balance,  the  Bei4 
balance,  the  Roman  balance,  and  the  Swedish  or  I 
balance.  Balances  also  receive  other  denominations,  a^ 
ing  to  the  circumstances  uj^er.  which  they  are  employ 
the  principles  on  which  they  act,  as  Assay  balance,  Ij 
static  balance,  &c. 

The  Common  Balance,  or  Scale.    This  instrun^ent 
well-known  to  n$ed  any  pi^'ticular  description ;  it  consi 

a  lever  A  C,  with  equal  ar 
the  extremky  of  each  of 
is  atta^ched  a  scale,  as  D  t 
and,  before  loading  it  wit 
weights,  the  whole  ought  t 
serve  a  perfect  equilibriuo 
this  equilibrium  must  aris< 
an  exact  distribution  i 
weight  of  each  arm  and  si 
the  balance,  as  well  as  fn 
equal  length  of  the  formf 
on  this  depends  the  aooui 
its  action.  The  following 
vajtions  have  been  m^de,  with  regaird  to  the  accuracy 
balance : — **  It  should  rest  in  a  horiaonital'position  when  1 
with  eqUiSl  weighta.  It  should  have  great  sensibility;  \ 
the  addi^on  of  a  smaU  weight  in  either  scale  should  < 
the  equilibrium,  and  make  the  beam  inoline  sensibly  in 
horizontal  position.  It  shpold  have  great  stability;  t 
when  disturlbed,  it  should  quickly  return  to  a  state-  o 
That  the  first  re<uiisjjte  may  be  obtained,  the  beam  nwp 
equal  armSy  and  the  centre  of  suspension,  must  be  higjK 
the  cen^e  of  grayity*  Were  Uiese  centres  to  cpinisi< 
beam,  wli^n Jtjhe.weights  were  eaual«  would  rest  iiii  anj^^ic 
avot  %*  aiM^n^.  oj(,  the  siyialfest  weigbic  w^otild  oy^i 
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Ronutn  Balance,  or  Stetl-Yard,  (Piute,  ^g.  3.)  A  B  rcpre- 
•enU  an  initrament  of  this  kind:  a  the  tratina,  or  handle, 
on  which  the  beam  turns ;  k  a  ring  on  which  the  balance 
may  be  saspended  on  a  nail  or  hook ;  /the  hook  on  which 
the  sabstance  to  be  weighed,  is  hung ;  c  a  collar  or  guard,  by 
which  the  hook  is  fastened  to  -the  beam ;  h  a  swivel ;  t  the 
counterpoise.  If  now  the  body  to  be  weighed  be  fastened  to 
the  hook/,  and  the  whole  suspended  by  the  ring  A,  the  division 
on  which  the  counterpoise  is  placed  to  maintain  an  equilibrium 
in  the  balance,  will  shew  the  weight  of  the  body  required  ;  the 
weight  of  the  counterpoise  t  being  known,  and  the  large  divi- 
sions 1, 2, 3,  &c.  equal  to  the  distance  between  the  centre  of  the 
balance  and  the  screw  which  fastens  the  guard  C  to  the  shorter 
arm  of  the  balance.  When  the  body  to  be  weighed  is  heavier 
than  the  divisions  on  the  longer  arm  will  indicate,  the  balance 
is  turned  the  lower  side  upwards,  and  suspended  on  the  other 
ring  ft,  by  which  means  the  divisions  become  shorter,  because 
the  distance  between  the  trutina  if,  and  the  screw  on  which  the 
guard  e  moves,  is  less;  the  divisions  on  this  side  of  the  figure 
ejitending  to  17,  whereas  they  only  extend  to  six  on  the  other. 
Th6  steelyard  itself,  and  its  whole  apparatus,  should  be  in 
equilibrio  when  suspended  on  the  ring  k  or  b. 

The  Danish  Balance,  is  a  kind  of  steelyard  in  common  use 
in  many  parts  of  Europe,  and  is  of  very  simple  construction,  con- 
sisting of  a  batten  of  hard  wood,  having  a  heavy  lump  K,  as  in  the 
annexed  figure,  at  one  end,  and  a  swivel  hook  h  at  the  other. 
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The  goods  to  be  weighed  are  saspended  on  the  hook,  and  the 
whole  is  carried  in  a  loop  of  whipcord  F,  in  which  it  is  slid 
backward  and  forward  till  the  goods  are  balanced  by  the 
weight  of  the  other  end.  The  weight  of  the  goods  is  estimated 
by  the  loop  on  a  scide  of  divisions,  effected  by  a  method  purely 
geometrical: — ^Let  AC  (figures  1  and  2,)  be  the  distance 
between  the  point 
A,  from  which  the 
body  whose  weij^ht 
is  to  be  determin- 
ed is  suspended, 
and  C  the  centre 
of  gravity  of  the 
balance  when  the 
weight  W  is  not 
attached  to  it. 
From  the  point  C  draw  an  indefinite  line  C  D,  making  an  angle 
A  C  D  with  the  line  A  C  on  which  the  divisions  of  the  balance 
are  to  be  marked,  and  through  A  draw  another  right  line  A  N 
parallel  to  C  D.  Set  off  any  equal  distances  C  E,  E  F,  FG, 
OH,  HI,  &c.  along  the  line  CD:  and  upon  AN,  set  off  the 
distance  A  B  equal  to  one  of  the  equal  distances,  as  CE,  upon 
C  D.  From  B  as  a  fixed  point  draw  lines  B  E,  B  F,  B  G,  B  H, 
kc.  to  the  several  points  of  division  on  G  D ;  and  they  will 
intersect  the  line  A  C,  in  the  points  1,  2,  3,  4, 6,  &c.  where  the 
subdivision  marks  ought  to  stand  in  the  balance,  figure  1.  The 
numbers  1,2,3,4,  &c.  fig.  2.  denote  so  many  times  the  actual 
weight  of  the  balance  and  its  knobs,  independent  of  the  adven- 
titious weight  W.  Thus  if  the  unloaded  balance  weigh  0  lbs, 
the  distances  marked  1,2,3,4,5,  &c.  in  fig.  2,  would  corre- 
•pond  to  the  subdivision  marks  6, 12, 18,  24,  30,  &c.  in  fig.  1. 
^e  truth  of  this  construction  may  be  easily  shewn  thus  :  Let 
w  be  the  weight  of  the  balance  and  knob,  and  W  that  of  the 
h|dy  which  is  to  be  ascertained  by  the.  instrument.  Then, 
wen  the  point  of  suspension  is  that  marked  I,  fig.  2,  we  have 
Bl  the  triangles  A  B 1,  1 C  £,  the  sides  A  B  and  C  E  equal,  also 
angle  BAlr=lCE,  and  B1A=:E1C;  therefore  these 
triangles  are  both  equiangular  and  equilateral ;  consequently, 
A 1  ==  1 C,  and,  by  the  natures  of  the  lever,  and  the  centre  of 
gravity,  W  =  w.  Again,  in  like  manner  when  the  point  of  sus- 
pension is  2.  the  triangles  A  B2,  2GF,  are  equiangular ;  and 
ai]io6FC=:2AB,  we  have  C2=2A2,  and  W=  2w.  So 
alio  the  triang lef  A  B  3,  3  C  G,  ar«  equiaDgiiUur ;  whence  be- 


cause  CG=  3AB,  03=  3 A 3,  and  W=:  3w,  and  so  itai, 
through  the  whole  division. 

This  balance  (says  Dr.  Gregory,)  has  been  described  more 
on  account  of  its  curiosity  than  actual  utility  ;  for  in  ascertain- 
ing large  weights  it  would  be  extremely  cumbersome  and  diffi- 
cult to  manage.  In  the  determination  of  weights  not  exceed- 
ing twenty  or  thirty  pounds,  it  might,  however,  be  rendered 
very  manageable ;  for  it  might  be  about  the  length  of  an  ex- 
ciseman's rod,  or  a  walking  stick,  having  a  knob  of  lead  at  one 
end  ;  and  in  this  case  the  divisions  near  the  knob  might  be  so 
numerous  as  to  enable  a  person  to  weigh  accurately  to  quarters 
of  pounds,  if  not  to  ounces :  the  rod  might  be  moved  to  and  fro 
upon  a  chair-back,  or  the  edge  of  a  trussel ;  and  thus  this 
instrument  might  often  be  more  conveniently  used  than  a  spring 
steelyard. 

FidUr's  Balance,  as  here  represented ,  was  made  foi  the 
Royal  Institution,  and  does  not  differ  much  from  those  con- 
structed by  Ramf- 
den  and  Troughton. 
The  middle  column  A 
can  be  raised  at  plea- 
sure by  the  nut  B,  and 
supports  the  round 
ends  of  the  axis  in  the 
forks  at  its  upper  ex- 
tremity, in  order  to 
remove  the  pressure 
on  the  sharp  edges  of 
the  axis  within  the 
i^  forks.  C  and  D  are 
Q  pillars  which  occasion- 
ally support  the  scales, 
and  may  be  elevated 
or  depressed,  by  turning  the  nut  £.  The  screw  F  raises  or 
depresses  a  weight  within  the  conical  beam,  for  the  purpose  of 
regulating  the  position  of  the  centre  of  gravity ;  and  the 
gpraduated  arc  G  measures  the  extent  of  the  vibrations. 

An  Improvement  on  thii  Balance^  is  represented  below, 
where  D  C  is  a  micrometer  screw,  fixed  to  the  arm  F  A,  so 
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that  when  it  is  turned  round  by  the  nut  D,  it  neither  approaches 
to  nor  recedes  from  the  centre  of  motion  F.  The  screw  D  C 
works  in  a  female  screw,  in  the  small  weight  n,  and  by  revolv- 
ing in  one  direction  carries  this  weight  from  S  to  R,  and  thos 
gives  the  preponderance  to  the  scale  G.  The  recession  of  the 
weight  n  from  the  centre  F  is  measured,  as  in  the  common 
micrometer ;  and  a  weight  x  placed  in  the  scale  suspended  at 
A,  will  be  in  equilibrio  with  n,  placed  at  any  distance  S  n, 

,  Sn  X  n 

when  X  =      p^     ' 

Proney*s  Balance  Supporty  {Plate,  fig.  4,)  for  balances  of  afl 
dimensions,  is  calculated  to  render  the  operations  for  whieh 
these  instruments  are  used  more  expeditious  and  convenient, 
without  diminishing  their  accuracy. 

**  Several  experiments,"  says  he,  ''  in  which  I  was  eng^aged 
during  the  course  of  the  last  winter,  put  me  under  the  neces- 
sity of  contriving  a  support  which  might  be  applied  promis- 
cuously to  every  kind  of  balance,  whether  provided  wi|h  a 
suspending  handle  or  not,  and  which,  vrithout  detriment  to  its 
accuracy,  should  afford  me  commodious  means  of  successively 
raising  and  lowering  it.  It  is  well  known  how  embanrassinr 
and  laborious  the  operation  of  weighing  is,  when  perfomea 
with  balances  supported  by  the  hand;  though  this  is  ottmt 
only  the  smallest  inconvenience  with  which  their  nse  is  attended. 
*  **  Various  ar^ts  have  contrived  supports,  eommodioM  kt 
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**  A  piece  #/  flg^.  6,  bai  a  screwed  bole  bored  into  it  at  /,  into 
wbioh  tbe  screw  ddis  inserted  balf  its  length.  Another  hole, 
made  at «,  in  a  perpendicular  direction  to  the  first,  receives 
the  pin  g  g,  to  which  all  the  inferior  apparatus  is  suspended. 
This  hole  s  supplies  the  place  of  that  which  is  found  at  the 
upper  extrenuty  of  the  suspending  handle  of  balances. 

**The  two  other  vertical  pieces  r,  r,  (fig.  6  and  7,)  have  at  their 
upper  part  cylindrical  holes  not  screwed,  in  which  the  screw 
<fi/ can  turn  freely.  These  superior  parts  are  placed  at  an 
arbitrary  distance,  and  retained  in  their  situation  by  means  of 
four  nut- screws  ii,  u,  if,  u,  each  of  the  pieces  being  fastened 
between  two  of  these  nut-screws.  A  cylindrical  rod  h  h  tra- 
verses the  inferior  parts  of  these  pieces  r,  r,  and  is  fixed  there 
by  means  of  nut-screws,  in  such  a  manner  that  the  superior 
and  inferior  points  of  the  piece  r  r  are  invariably  at  the  same 
distance. 

'*  Each  of  these  pieces  r,  r  has,  upon  the  surface  which  is 
perpendicular  to  the  direction  ofdd  and  kk,tL  groove  e  «,  and 
a  circular  aperture  X,  having  at  its  lower  part  a  small  bracket 
of  polished  steel « «,  intended  to  support  one  of  the  centres 
of  the  beam.  Into  the  upper  part  of  the  grooves  e  e  a  rule  eV 
is  introduced,  which  must  enter  with  tightness,  and  which,  with 
the  pieces  dd  and  kh ,  give  such  a  solidity  to  the  apparatus, 
that  the  adjustment  of  its  parts  cannot  be  in  the  smallest 
degree  deranged.  The  remainder  of  the  groove  which  is  not 
occupied  by  e'e',  ought  to  be  of  a  leng^  somewhat  greater 
than  that  of  the  largest  cock  or  index  adapted  to  the  beams 
which  we  shall  have  to  use. 

*'The  method  of  using  the  apparatus  which  I  have  just 
described  is  very  simple.  The  beam  which  we  intend  to 
employ  is  placed  between  the  two  branches  r,  r,  which  are 
removed  from  each  other  till  the  centres  can  be  brought  oppo- 
f  ite  to  the  circular  holes  X ;  the  pieces  r,  r  are  then  brought 
together  in  such  a  manner  that  the  centres  enter  these  holes  X, 
and  so  as  still  to  leave  some  room  for  motion  between  these 
pieces  and  the  body  of  the  beam,  in  order  that  the  oscillations 
of  the  balance  may  be  perfectly  free.  The  pieces  r,  r,  are 
brought  parallel  with  each  other,  and  the  adjustment  of  the 
apparatus  is  rendered  perfectly  firm,  by  means  of  nut-screws, 
by  ihe  small  cylindrical  rod  A  h^  and  by  the  rule  e'  e'.  The 
apparatus  being  adjusted  in  this  manner,  it  is  suspended  to 
the  fork  n  9,  by  inserting  the  pin  g  g  into  the  hole  «,  and  the 
balance  is  used  in  the  manner  that  has  already  been  explained. 
We  know  the  equilibrium  to  be  established,  and  the  beam  to 
be  horizontal,  when  the  index  y  y  divides  the  breadth  of  the 
•pace  €€  into  two  equal  parts ;  but,  in  order  to  ascertain  the 
circumstances  with  greater  accuracv,  I  have  attached  to  the 
rule  #'«'  a  plummet  e*  i\  by  means  of  which  we  may  distinguish 
the  slightest  deviations  of  the  index  from  the  perpendicular 
direction." 

Balance  of  a  Clack,  or  WntcK  ^s  that  part  which  by  its 
motion  regulates  and  determines  the  beats.  The  circular 
part  of  it  is  called  the  rim,  and  its  spindle  the  verge ;  there 
belong  to  it  also  two  pallets  or  nuts,  that  play  in  the  fangs  of 
the  crown-wheel :  in  pocket  watches,  that  strong  stud  in  which 
tbe  lower  pivot  of  the  verge  plays,  and  in  the  middle  of  which 
one  pivot  of  the  crown-wheel  runs,  is  called  the  poience :  the 
wrought  piece  which  covers  the  balance,  and  in  which  the  upper 
pivot  of  the  balance  plays,  is  the  eoek;  and  the  small  spring  in 
the  new  pocket  watches  is  called  the  reguUtar. 

The  motion  of  a  balance,  as  well  as  that  of  a  pendulum,  being 
reciprocating,  while  the  pressure  of  the  wheels  is  constantly  in 
one  direction,  it  is  obvious  that  some  art  must  be  used  to 
accommodate  the  one  to  the  other.  When  a  tooth  of  the  wheel 
has  given  ^e  balance  a  motion  in  one  direction,  it  must  quit  it, 
that  it  migr  get  an  impulsion  in  the  opposite  direction.  The 
balance  or  pendulum  thus  escaping  from  the  tooth  of  the  wheel, 
w  tbe  tooth  escaping  from  the  balance,  has  given  to  the  gene- 
ral constructjoQ  tbe  name  of  scapement  among  our  artists. 

See  SCAFEMENT. 

Dr.  Gregory  observes,  that  some  of  tbe  most  important  pro- 
positions relative  to  watch  balances  may  be  concisely  stateo  as 
follows :  I.  The  balance  of  a  watch  is  analogous  to  the  pendu- 
lum ip  its  properties  and  use.  The  simple  balance  is  a  circu« 
Uf  apnulqf,  equally  heavy  in  all  its  parta«  and  concentrioal 
with  the  pivotf  of  the  axia  on  wUcb  it  U  mounted.    This 


balance  is  moved  by  a  spiral  spring  called  the  balance  fprnig, 
the  invention  of  Mr.  Hook. 

2.  The  pendulum  requires  a  less  maintaining  power  than  the 
balance.  Henee  the  natural  isochronism  of  the  pendulom  is 
less  disturbed  by  the  relatively  small  inequalities  of  the  main- 
taining powert 

3.  The  elastic  force  of  the  spring  which  impels  the  eireum- 
ference  of  the  balance  is  directly  as  the  tension  of  the  apriof ; 
that  is,  the  weights  necessary  to  counterpoise  a  spiral  spring's 
elastic  force,  when  the  balance  is  wound  to  different  distances 
from  the  quiescent  point,  are  in  the  direct  ratio  of  the  ares 
through  which  it  is  wound. 

4.  The  vibrations  of  a  balance,  whether  through  great  oramall 
arcs,  are  performed  in  the  same  time.  For  the  acoeleratiDg 
force  is  directly  as  the  distance  from  the  point  of  quicseeace: 
hence,  therefore,  the  motion  of  the  balance  is  analogous  to  that 
of  a  pendulum  vibrating  in  cycloidal  arches. 

5.  The  time  of  the  vibration  of  a  balance  is  the  same  as  if  a 
quantity  of  matter,  whose  inertia  is  equal  to  that  by  which  the 
mass  contained  in  the  balance  opposes  the  commanioation  of 
motion  to  the  circumference,  described  a  cycloid  whose  lengtii 
is  equal  to  the  arc  of  vibration,  described  by  the  circomferenoe, 
the  accelerating  force  being  equal  to  that  of  the  balance. 

6.  The  times  of  vibration  of  different  balances  are  in  a  ratie 
compounded  of  the  direct  subduplicate  ratios  of  their  weights 
and  semidiameters,  and  the  inverse  subduplicate  ratio  of  the 
tensions  of  the  springs,  or  of  the  weights  which  counterpoise 
them,  when  wound  through  a  given  angle. 

7.  The  times  of  vibration  of  difi'erent  balances  are  in  a  ratio 
compounded  of  the  direct  simple  ratio  of  the  radii  and  direct 
subduplicate  ratio  of  their  weights,  and  the  inverse  sabdaplicate 
ratio  of  the  absolute  forces  of  the  springs  at  a  given  tension. 

8.  Hence  the  absolute  force  of  the  balance  spring,  thediame^ 
ter  and  weight  of  the  balance  being  the  same,  is  inversely  as 
the  square  of  the  time  of  one  vibration. 

^  9.  The  absolute  force  or  strength  of  the  balance  spring,  tbe 
time  of  one  vibration,  and  the  weight  of  the  balance,  neinf  tbe 
same,  is  inversely  as  the  square  of  the  diameter. 

^  10.  The  weight  of  the  balance,  the  strength  of  the  spring,  and 
time  of  vibration,  being  the  same,  is  inversely  as  the  sqnare  of 
the  diameter. — Hence,  a  large  balance,  vibrating  in  the  same 
time  with  the  same  spring,  will  be  much  lighter  than  a  small  one« 

11.  If  the  rim  of  the  balance  be  always  of  the  same  breadtk 
and  thickness,  so  that  tbe  weight  shall  be  as  the  radios,  the 
strength  of  the  spring  must  be  as  the  cube  of  the  diameter 
the  balance,  that  the  time  of  vibration  may  oontinue  the  same. 

12.  The  momentum  of  the  balance  is  increased  better  by 
increasing  its  diameter  than  its  weight. 

13.  The  longer  a  detached  balance  continues  its  motion,  libs 
better. 

14.  The  greater  the  number  of  vibrations  performed  by  a 
balance  in  a  given  time,  the  less  susceptible  is  it  of  extemaL= 
agitations. 

15.  Slow  vibrations  are,  to  a  certain  extent,  preferable  t^ 
quick  vibrations:  but  there  is  manifestly  a  limit;  for  if  Ib^ 
vibrations  be  too  slow,  the  watch  will  be  liable  to  stop. 

16.  A  balance  should  describe  as  large  arches  as  possible^ 
as  suppose  240^,  260^,  300^,  or  an  entire  circle.— First,  becanso^ 
the  momentum  of  the  balance  is  thus  increased  ;  and  therefore 
the  inequalities  in  the  force  of  maintaining  power  bear  a  lestf 
proportion  to  it,  and  of  consequence  will  have  less  inflneaee. 
2dly.  The  balance  is  less  susceptible  of  external  agitations. 
3dly.  A  given  variation  in  the  extent  of  the  vibrations  prodocet 
a  less  variation  in  the  going  of  the  machine.    But  oare  most  bs 
taken  that  in  these  great  vibrations,  the  spring  shall  neither  touch 
any  obstacle,  nor  its  spires  touch  each  other  in  contracling. 

17.  The  time  of  the  vibration  of  the  balance  is  increased  by 
heat,  and  diminished  by  cold.— First,  because  the  length  of  tbs 
spiral  spring  is  increased  by  heat,  and  therefore  its  force  <UauU 
mshed ;  and  tbe  contrary  by  cold.  2dly.  The  diameter  of  lbs 
balance  is  increased  by  beat,  and  therefore  also  tbe  time  eC 
vibration;  and  the  contrary  by  cold. 

18.  That  balance  is  the  most  perfect,  which,  without  tlie  eoM* 
pensation  of  a  thermometer,  is  most  subject  to  the  iafliaenee  of 
beat  and  cold.  Because  the  obstructions  from  oil  and  frictlOfb 
act  as  a  compensation  to  the  expansion  or  contraotion  of  tka 
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Ihe  chord  is  drawn  towards  the  centre,  and  the  ballisla  cocked  ; 
90^  a  stagft  or  taUe,  on  wUcb  the  ballista  ii  in  part  i     '  '     ' 


Teeetias  informs  ns,  that  the  ballista  diacbaTged  darla  with 
snoh  rapidit;  and  power,  that  notbing  could  resist  their  force  ; 
BiA  AthnnEcus  adds,  that  Agistratns  made  one,  of  little  more 
than  a  cnblt  and  a  half,  which  shot  darts  600  jards. 

BjILISTA,  was  formerl]'  also  the  name  pven  to  the  cross-staff. 

BALLISTIC  Pendulun,  an  ingenious  machine,  invented 
by  Robins,  for  ascertaining  the  velocitj  of  military  projectiles, 
and  consequently  the  force  of  fired  gunpow- 
der. It  consists  of  a  large  block  of  wood  S 
MN,  suspended  verticallj^  by  a  stronf;  hori- 
BOntal  iron  axis  at  S,  to  which  it  is  connected 
by  a  firm  iron  stem.  Now,  to  determine  the 
velocity  with  which  a  ball  is  projected,  the  , 
pendulum  is  so  situated  that  the  ball  im- 
pinges directly  against  it.  and  causes  it  to 
vibrate  through  »  certain  arc,  which  being 
aconrately  observed,  the  velocity  of  projec-  U 
tion  is  thence  computed.  Dr.  Hutton  made 
many  experiments  of  this  kind,  by  discharg- 
ing cannon-balls  at  Tarioos<  distances  from 
the  pendulum  ;  from  which  is  deduced  a  complete  series  of  the 
resistances  of  the  air  to  balls  passing  throagh  it,  with  all 
degrees  of  velocities  from  0  to  2000  feet  per  second. 

BALLOON.  Air.     See  Aerostation. 

L 

the   

immediately  south  of  the  Zodiacal  Goat,  west  of  the  Southern 
Pish,  north  of  Hicroscopiura,  and  east  of  Sagittarius. 

BALLOT ADB,  in  the  Manage,  the  leap  of  a  horse  between 
two  pillars,  or  upoo  a  straight  line,  made  with  justness  of  time, 
with  the  aid  of  the  hand  and  the  calves  of  the  leg,  so  that 
when  his  forefeet  are  in  the  air,  he  shews  notliing  bat  the 
shoes  of  his  hind  feet  without  jerkirig  ouL 

BALLUSTRADB,  a  series  or  row  of  ballnsters,  joined  by  a 
rail,  serving  as  well  for  a  rest  to  the  elbows,  ns  for  a  fence  or 
enciosnre  to  balconies,  staircases,  altars.  &c. 

BALM,  a  well-knoivn  plant,  that  thrives  well  in  light  rich 
soil,  and  increases  freely  by  dividing  the  root.  It  grows  well 
under  the  shade  of  trees,  and  is  a  handsome  ornament  to  every 
llower-garden  or  cottage.  In  a  fresb  state,  balm  smells  some- 
thing like  a  lemon,  and  has  a  weak  rough  aromatic  taste,  On 
distilling  the  herb  with  water,  it  impregnates  the  first  rtuininf;s 
pretty  strongly  with  its  grateful  flavour.  Prepared  as  lea,  it 
makes  a  grateful  diluent  drink  in  fevers ;  and  i&^Ihis  way  it  is 
commonly  used,  either  by  itself,  or  tempered  with  lemon  juice. 

The  Balnm  of  Tolit,  from  a  region  on  the  north  coast  of  South 
AraeriCH  near  the  isthmus  of  Panama,  is  a  resinous  fluid, 
obtained  from  a  tree  of  the  same  name  by  incisions  in  the 
trunk,  and  is  nseful  in  medicine  both  as  s  tincture  and  a  syrup ; 
it  has  an  agreeable  flavoar  resembling  balm,  and.  made  into 
loxenges,  appeases  the  irritation  occasioned  by  seicre  coughing. 

BAMBOO,  a  plant,  wtatdb  sometimes  grows  forty  feet  high. 
Its  young  shoots  and  rdots  make  an  Indian  pickle ;  its  light 
graceful  knotted  stalk  serves,  not  only  in  the  East  for  the  con- 
atraetion  of  houses.  tAit  for  furnishing  them  with  almost  every 
utensil.  Tables,  chairs,  bedsteads,  bedding,  barrows,  fences, 
gfuMag,  cordage,  oakom,  candle-wicks,  paper,  whips,  &c.  are 


m?de  from  bamboo  in  Chins.    In  Malabkr,  the  bamlwiM  are 

trained  over  iron  arches,  and  when  they  have  assumed  the 

curve  of  the  mould,  are  used  for  roofs  to  palanqnina,  and  Mil 

at  five  or  sis  hundred  rupees  a  set    Hlgbt  not  thousands  of 

cottagers  in  our  own  country  make   money  by  training  tho 

willow,  Ihe  ash.  the  hazel,  and  maoy  other  trees  and  shrubs, 

into  similar  arches,  for  innumerable  purposes  in  common  life! 

The  Chinete  Bamboo  Habit,  to  save  shipwrecked  persons 

Dm  drowning,  consists  of  four  pieces  of  bamboo,  abont  K 

ao's  leiiglh.  placed  horizontally  and  st  right  angles,  in  parallel 

pairs,  and  tied  firmly  at  the  four  corners ;  the  opening  being 


JQst  snflicient  to  allow  the  head  and  shoulders  to  get  tkroogh, 
as  represented  in  the  figure,  and  then  lied  securely  to  the  bodv 
of  the  person  using  it.  Oeal  will  make  this  habit  equally  wdL 
BANANA,  a  valuable  West  India  plant,  whose  leave*  are 
six  feet  long  and  one  foot  broad,  and  the  fruit  about  five  inches 
long,  and  in  shape  resembling  a  cucumber,  with  a  soft  Iosciobs 

Kulp,  is  frequently  introduced  in  desserts,  or  formed  into  small 
)aves,  by  siiueezing  out  the  juice,  and  leaving  it  to  dry, 
BANGLE  Bars,  an  imperfection  in  a  horse,  remedied  bj 
placing  his  ears  in  such  a  manner  as  you  would  have  them 
stand:  Bind  them  with  two  little  boards  so  fast  that  tbey  cannot 
stir,  end  then  clip  away  all  tlie  empty  wrinkled  akin  close 
by  the  head, 

BANGUE,  a  species  of  opiate,  in  great  use  tbronghont  tbc 
East  for  drowning  care  and  iuspiring  joy,  is  extracted  frcMi 
the  leaf  of  a  kind  of  wild  hemp,  that  grows  in  the  couotriea  of 
the  Levant.  The  leaven  are  dried  in  the  shade,  ground  topow- 
der,  and  made  into  pills  or  conserves,  or  token  as  a  powder. 
The  Turks  take  this  deleterious  drug  and  opiom  as  substt> 
stutes  for  wine,  which  is  furbiddeu  by  the  Koran  to  all  trao 
Mussulmans. 

BANIAN  Tref.,  the  arched  Indian  Fig.  or  God  Tree,  M 
named,  perhaps,  because  the  Hindoos  plant  it  near  their  tent- 
pies,  or  where  no  temple  exists :  tho  tree  itself  is  in«d«  tuo  «f 


for  that  purpose.  The  branches  of  this  famous  tree  descend^ 
take  root,  and  in  time  are  converted  into  great  trunks,  so  tlwt 
a  whole  tree,  with  all  ita  props,  may  eover  a  spaoe  of  aOOO  feat 
in  circninference. 
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side,  and  nuno  on  the  other.  At  28}  inches,  muck  rain  on  one 
side,  and  much  nuno  on  the  other ;  the  lowest  division  bein^ 
marked  stormy,  as  we  have  before  observed. 

The  barometer  is  advantageoasly  employed  in  measuring  the 
heights  of  mountains ;  and  for  every  103  feet  perpendicular 
that  the  instrument  is  carried  up  a  mountain,  the  mercury  falls 
1-lOth  of  an  inch ;  103  feet  of  air  being  equal  to  1-lOth  of  an 
inch  of  mercury  on  the  surface  of  the  earth :  that  is,  to  one 
degree  in  the  scale  of  the  barometer.  Thus,  on  the  top  of 
Snowden,  in  Wales,  the  mercury  sinks  3*67  inches,  therefore 
that  mountain  is  3720  feet  high. 

A  Uiermometer  should  always  be  attached  to  the  barometer, 
and  by  the  side  of  it  a  scale  of  correction,  to  shew  how  much 
to  add  or  subtract  from  the  height  of  the  mercury  in  the  baro- 
meter, for  the  degree  of  temperature ;  for  it  is  evident,  that  the 
mercury  in  the  tube  will  be  aflfected  by  heat  and  cold  in  the 
same  manner  as  the  thermometer,  and,  on  that  account,  it  will 
not  shew  the  true  weight  of  the  atmosphere.  For*  by  numerous 
experiments  it  has  been  found,  that  air  expands  about  ^th 
part  of  its  bulk  for  every  degree  of  heat,  and  contracts  the 
same  for  every  degree  of  cold,  and  consequently,  the  result 
obtained  from  the  above  formula  must  be  increased  or  dimi- 
nished by  as  many  times  ^th  part  of  itself,  as  the  temperature 
in  degrees  exceeds,  or  is  less  than,  3P.  Hence  we  have 
another  rule  for  measuring  altitudes  by  the  barometer,  viz. 

Observe  the  height  of  the  mercury  at  the  bottom  of  the 
object  to  be  measured,  and  again  at  its  top ;  as  also  the  degree 
of  the  thermometer  in  both  these  situations;  and  half  the 
sum  of  these  two  last  may  be  accounted  the  mean  temperature. 
Then  multiply  the  difference  of  the  logarithms  of  the  two 
heights  of  the  barometer  by  10,000,  and  correct  the  result  by 
adding  or  subtracting  so  many  times  its  435th  part,  as  the 
degrees  of  the  mean  temperature  are  more  or  less  than  31^ ; 
and  the  last  number  vrill  be  the  altitude  in  fathoms. 

Example, — If  the  heights  of  the  barometer  at  the  bottom  and 
top  of  a  hill  are  29*37  and  26*59  inches  respectively,  and  the 
mean  temperature  260,  what  is  the  height  ? 

Log.  29-37  =  1*467904 
Log.  26*59  =z  1*424718 

Difference  of  Logs.  z=  0*043186 
Multiply  by       10000 

431*86 

Now  31®  —  26°  =  SP  temperature  below  31° ;  therefore  ^  of 
431-86  =  4*96 ;  consequently  431*86  —  4*96  =  426*90  fathoms, 
the  altitude  of  the  hill. 

This  requires,  however,  certain  modifications,  on  account 
of  the  difference  in  low  and  elevated  situations,  the  expan- 
sion of  the  column  of  mercury,  and  other  circumstances,  which 
the  limits  of  our  article  will  not  admit  of  investigating.  Before 
M.  de  Luc  began  his  experiments  with  the  barometer,  a  mean 
of  the  two  temperatures  shewn  bv  the  thermometer  attached  to 
the  barometer,  and  the  height  of  the  barometer,  at  the  bottom 
and  top  of  a  hill,  were  thought  sufficient  for  determining  its 
altitude.  De  Luc,  however,  found  that  an  additional  or 
detached  thermometer  was  also  necessary ;  and  this  has  been 
since  confirmed  by  the  experiments  of  General  Roy  and  Sir  G. 
Shuckburgh.  The  formulas  for  the  height  in  fathoms,  according 
to  the  two  latter  observers^  are  as  follow : 

ROY. 

1 10000/=  •468rf(x  \l  -h  (/— 32°) -002451 

SHUCKBURGH. 

jlOOOO  /  =  '^40d\  x\\  +  if'-'  32°)  002431 

Where  /  =:  diff.  of  logs,  of  the  heights  of  barometer, 
d  zi  diff.  of  degrees  Farhenbeit's  thermometer, 
/  =  mean  of  the  two  temperatures  shewn  by 
the  detached  thermometer  exposed  for  a 
few  minutes  to  the  open  air  in  the  shade 
of  the  two  stations. 
TIm  sign  —  takes  place  when  the  attached  thermometer  is 
highest  at  the  lower  station,  and  the  sign  -f  when  it  is  lowest 
at  that  sUtion. 

BiumpU. — Find  the  height  of  a  mountain,  from  the  following 
•baefTfttioBf  taken  at  tha  foot  and  summit: 


Barom.  Attach.  Therm.     Detaob.  Thann. 

Lowest  station,  29*862 68° 71® 

Highest  station,  26  137  63°   55® 

Here  we  have,  d  =    6®,  difference  detached  thermometer. 

And /=  63®,  mean  of  attached  thermometer. 

Log.  29-862  =   1-475119 
Log.  26- 137  zz   1*417256 


Difference  of  Logs,  zz  0057863  =  /. 
Then,  by  the  first  formula, 
/•  —  32°  zz  31®,  and  1  -f  (31  X  -00245)  z=  l-07d95 
10000  I  zz  10000  X    -057863  =  578  63 
•46drf  zz     -468  X    5    =       2*34 


57629 
Multiply  by        1  07595 


620  fathoms. 


the  altitude  sought ;  the  decimals  being  rejected  as  onimportant. 

Ramsden's  en^avcd  table  gives  the  height  zz  3730  feet,  or 
621|  fathoms.  This  table  is  on  a  slip  of  paper,  a  foot  long  and 
about  3i  inches  wide  ;  the  logarithmic  differences,  from  25  to 
31  inches,  are  given  to  500ths  of  an  inch,  and  the  corrections 
for  the  thermometer  at  both  stations  found  by  inspection. 

It  may  be  observed,  that  in  determining  altitudes  by  the 
barometer,  it  is  best  to  make  the  observations  at  the  upper  and 
lower  stations  at  one  and  the  same  time,  as  nearly  as  can  be ; 
but  great  care  must  be  taken  that  the  two  barometers,  and  also 
the  thermometers,  are  alike ;  that  is,  they  should  preoisely 
agree  when  together  in  all  states  of  the  air.  It  is  also  neces- 
sary that  the  specific  gravity  of  the  mercury  be  well  ascer- 
tained, because  it  is  not  equally  pure  in  all  barometers;  which 
is  the  principal  reason  why  different  results  have  beeii  so 
frequently  obtained,  from  observations  made  with  differeat 
barometers  at  the  same  stations.  Other  circumstanoeSy  not 
generally  known,  may  contribute  to  such  disagrecmcBt;  Urns, 
Mr.  Ramsden  proved,  by  experiment,  that  the  qnickstlTcr  in 
barometer  tubes,  made  of  different  sorts  of  glass,  wiH  be  sus- 
pended at  different  heights. 

In  the  following  Table,  for  measuring  the  altitnde  of  any 
mountain,  the  first  column  expresses  its  height  in  feetor  mlles^s 

the  second,  the  height  of  the  quicksilver ;  and  the  third,  t^ 

descent  of  the  quicksilver  in  the  barometer;  and  this  at 
mean  density  of  the  air. 


Feet 

High.  Barom. 

^Descent. 

;  Feet. 

High.  Barom. 

Deaeeat 

0 

29*500 

5 
5 

100 

29-400 

•100 

\    2600 
:  2700 

27*028 

2*472 

200 

29-301 

'199 

26-933 

2*662 

300 

29*203 

297 

:  2800 

26*848 

2-662 

400 

29- 105 

*395 

:  2900 
X    3000 

26-758 

2-742 

500 

29  007 

•493 

26668 

2*833 

600 

28*910 

•590 

:  3100 

26-578 

2*922 

700 

28*812 

688 

;  2200 

26*480 

3-OU 

800 

28*716 

•784 

;  3300 

26-400 

3-100 

900 

28*619 

•881 

^  3400 

26-311 

3-189 

1000 

28  523 

•977 

;  3500 

26-222 

3-278 

1100 

28-428 

1072 

i  3600 

26136 

3-364 

1200 

28  332 

1-168 

*  3700 

26-049 

3-451 

1300 

28  237 

1-262 

;  3800 

25*961 

3-639 

1400 

28143 

1*357 

:  3900 

25-874 

3*626 

1500 

28048 

1-452 

:  4000 

25*786 

3-714 

1600 

27*954 

1-546 

^  4100 

25  699 

3801 

1700 

27-860 

1*640 

;  4200 

25-613 

3-887 

1800 

27-766 

1*734 

:  4300 

25-527 

3-973 

1900 

27-672 

1*828 

X    4400 

25  441 

4-060 

2000 

27-579 

1*921 

:  4500 

25*355 

4-145 

2100 

27*487 

2013 

\    4600 

25^270 

4*230 

2*200 

27-394 

2106 

:  4700 

25186 

4-316 

2300 

27*302 

2*198 

;  4800 

25*101 

4*369 

2400 

27*210 

2*290 

:  4900 
\    5000 

25*017 

4-483 

2500 

27*119 

2*381 

24-933 

4-607 
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*^ 

llifk  Bixw. 

Drmit. 

Mil«. 

lliich.  B*""- 

DcircBt. 

(Vii 

a«-2i 

l-Jft 

3-35 

lfl-57 

12-03 

iritt 

■is-ue 

2-M 

S-ftO 

15-85 

13-85 

«V73 

25-80 

3-70 

375 

15-16 

14-34 

1- 

34-70 

4W) 

4- 

14-50 

1500 

1-25 

23-92 

.V8B 

4-ai 

13-87 

15-ra 

1  W 

aa-ao 

fl-Dft 

4-5rt 

1337 

1023 

1-7S 

31 'G2 

7-HH 

4-75 

12-70 

16-80 

2- 

30  es 

S'tQ 

a- 

12-16 

1735 

a-25 

10-7B 

0  72 

525 

11-02 

17-88 

aao 

1893 

1057 

650 

11-12 

I8:l8 

»7i 

18-1 1 

576 

1004 

18-86 

3- 

17-31 

12-18 

6- 

1018 

l«-32 

ABOlker  Kirt  of  barometer  lifaews  the  ajcent  and  descent 
«(  tke  Beicurj  at  the  boltom,  m  A  B  C  (annesed  figure)  a 
tmrrr  tabe,  eloae  at  the  top,  vbere  the 
Uckrt  C  ii,  and  open  at  the  end  A.  The 
'«^^h  of  C  B  !•  33  or  33  iochei,  and  of  A  B 
<l«r  7.  The  bneket  C  ibould  conlain  about 
UMBch  «■  the  end  AB;  and  lh<'  bucket 
Md  cad  C  B  moit  be  tfuite  Blled  with  mer- 
tarjr,  a*  far  aa  B,  a  Utile  beyond  the  tarn. 
IWwider  tbfl  backet  C  ii,  the  better.  The 
nl«  let  to  the  end  A  B  mutt  be  Rraduated 
4(VBWBrda ;  for  the  mercury  falU  in  this, 
vita  ft  riiea  in  the  other  sort.  This  beinj: 
plaecd  afainat  a  wall,  will  abew  the  height 
•f  the  nercarj,  a*  In  the  common  ones;  and 
Hia  way  ia  nwre  coDunodions,  at  it  saves 
the  labow  of  clambcrinK  np  npon  chairs  to 
see  it.  at  ose  nntt  do,  ip  tbe  common  sort, 
to  M«  Ibe  index  caactl;. 

A  brotaeter  may  alto  be  made  of  water, 
laf  ia  tbo  lower  fifnre,)  which  is  a  water- 
barsMHer.  A  B  it  aglasi  tube  open  at  both 
cads,  and  cmienled  close  in  the  mvulh  of 
1W  bottle  E  F.  and  Teaching  tery  near  the 
fcntiaas :  then,  warmiof  tbe  bottle  at  the  fire, 
Pwtofibeairwill  fljront;  then  the  end  A 
■■  pn  iaio  a  lesael  of  water  mixed  with  co- 
4ucal,  which  will  go  through  the  pipe  into 
*he  bottle  as  it  growt  cold.  Then  it  it  set 
^•icht;  aad  the  water  may  bo  made  to 
Haad  at  any  point  C,  bj  sucking  or  blowing 
*t  A.  And,  if  Ibis  barometer  be  kept  to  the 
**ae  degree  of  heat,  bj  patting  it  in  a  veiiel 
*f  (and,  it  will  be  very  correct  for  taking 
^tU  nllitndea ;  for  a  little  alteration  in  the 
^*i^  of  tbe  atmoiphere  will  make  the 
^Her  at  C  rito  or  fall  in  the  tube  very  ten* 


^•tl  the  nse  of  it ;  to  that  it  matt  be  kept 
^  ibc  tame  temperatare. 

If  ■  hwoweMr  waa  to  be  made  of  water 

^^1  iwta  nn  cxhaosted  tabe,  after  the  manner  of  quicksiWer,  it 

^««M  re^nire  a  Inbe  36  feet  long  or  more ;  which  could  hardly 

^^dnoM  within  doort;  bat  then  it  would  go  14  times  more 

*%nct  than  qaieksilier:  becanse,  for  every  inch  the  quicksilver 

*fi^na.  the  water  woald  rite    14,  from  whence  every   minute 

^^MMR*  in  tbe  atnoapbere  would   be  disceraiblc.      And   the 

^^|«lv-hnraaeter,  above  described,  will  shew  the  variation  of 

^^^w  ^r's  giavi^  at  minntely  at  tbe  other,  if  the  bottle  be  large, 

^^  hold  «  gnnt  qnanHly  of  air. 

^m  Dimtmml  BtROMETix  tctt  oo  tbe  same  principle  at  (he 
nna  bai—etar  above  deteribed,  except  that  tbe  appcr 


*  nf  tlw  Mba  b  beat  at  aboat  an  aagle  of  4fiP  from  tbe  vcrti. 
1,  whaitbj  the  aaale  of  varlatioat  it  iacreased  in  aboat  the 
liaaCatoS;  «  vera  neeafalaly,  in  tbe  ratio  of  the  diagonal 


of  a  square  to  the  Icngtb  nf  its  side.    If  the  upi 


fuDod  eon  VI- 


id  \,n 


led  ;  but  in  pmcliL-r,  it  ii 
to  have  tbe  anjcle  murh  exccedinft  4.V. 

The  Hori:ontal  UttoHhTLR,  consistii  of  a  labe  bent  nt  linht 
angles,  havinf;  a  pretty  wide  ryliiidrical  part  at  the  op)>rr  end 
of  the  vertical  k-g.  which  is  hrnnclicaJly  seBlrd.  the  huricont:il 
leg  being  open,  where,  however,  the  mcrrury  cannot  run  out, 
being  opposed  by  the  prcsiure  of  the  atmosphere,  the  varia- 
tions of  which  are  indicated  by  a  scale  attached  to  dial  brauch 
of  the  insirument. 

Tke  Marine  BiKOMETEH  of  Dr.  Hooke,  is  intended  (o  be 
used  on  shipboard,  beiog  contrived  so  as  not  to  be  affected  or 
iiyurrd  by  (he  motion  of  the  vessel.  It  consists  of  a  dooble 
thermometer,  or  two  tubes  half  lilted  utth  npirits  of  wine:  tbe 
one  sealed  at  both  ends,  with  a  quantity  of  air  inrladed  ;  the 
other  sealed  at  one  end  only.  The  former  of  these  it  alTrrtrd 
only  by  the  tcmperBlure  of  the  air ;  but  the  other,  both  by  the 
external  temperature,  and  by  the  vtritMe  pressnre  of  Ihe 
atmosphere.  Mence,  considering  the  npirit  thermometer  at  a 
standiird,  the  excess  of  the  rise  or  fall  of  the  other,  beinnd  (he 
former,  will  shew  the  increase  or  decrease  of  the  prriiure  of 
the  aimotphere.  Tbe  marine  barometer  is  a  very  useful  ioslru- 
ment  for  indicating  any  change  in  the  stale  of  the  weathrr. 

Tit  PendatU  D.IBOMETEH  is  rather  pretty  than  useful,  find 
consists  of  a  conical  lube  placed  vertically,  its  upper  nml 
smaller  extreme  is  bermelically  sealed,  and  in  Inrerr  iind 
lower  end  open:  it  has  no  vessel  or  cistern,  ils  conical  fieurf 
(upplyiog  that  defect ;  for  w||cn  filled  like  the  rett.ihen- will 
be  OS  much  mercury  sustained  as  is  equivalent  to  tlie  weiiht  of 
the  atmosphere ;  and  as  that  varies,  Ihe  lame  mercury  take* 
np  a  different  part  of  the  tube,  and  to  becomes  of  a  different 
weighL 

Tke  Portable  Barometek  is  to  coostractrd,  that  il  mny  be 
carried  from  one  place  to  another  without  damage  or  derange- 
ment. The  end  of  the  tube  is  tied  up  in  a  leathern  hag.  not 
(juite  full  of  mercury,  which  being  pressed  by  the  air,  forrrs 
itself  into  the  tube,  and  keepi  suspended  at  its  proper  hrinht. 
This  bag  is  usually  enclosed  In  a  box.  through  the  boltooi  of 
which  pastes  a  sorew,  by  means  of  which  the  mercury  mny  be 
forced  to  tbe  upper  end  of  the  tube,  and  prevented  from  brink- 
ing  it  by  dashing  against  the  (op,  an  accident  very  tiLrly  lo 
happen  without  this  precantion. 

TAt  Reduced  Barometer  it  only  three  inches  lonr.  and 
serves  the  purpota  of  a  manometer,  in  shevving  the  dilations 
of  the  air  in  tbe  receiver  of  an  air-pump,  for  which  parpose  it  is 
DOW  commonly  employed. 

Tke  H'lMf  B«aoNETEH,  at  here  re- 
presented, was  invented  by  I>r.  Ilooke, 
about  the  year  1668,  and  ii  meant  lo 
render  the'  alterations  in  the  air  mnre 
teniiblc.  Here  tbe  baromotrrluU- has 
a  large  ball.  A  B,  at  top,  and  is  brnl  up 
at  the  lower  or  open  end,  where  an 
iron  hall,  G,  Roats  on  the  surface  of  the 
mercury  in  the  tube,  to  wbirh  it  ron- 
nccli'd  nnoihrr  ball,  H.  by  a  cord  hang- 
ing freely  over  a  pnllcy,  turnjoE  an 
index,  k  L.  about  its  centre.  In  tfait 
inttrumeni  the  variations  of  the  mer- 
cury lake  plarc  in  the  lower  part  of 
\j^>-\  -  I  the  tube  ;  for  the  height  of  tbe  mercury 
'"'^  '<]  being  always  the  differeocc    lirtween 

its  upper  and  lower  surface,  and  as  in 
this  instrument,  in  contequence  of  the 
great  diameter  of  tbe  hall,  the  mercury 
can  rise  but  very  little  in  tbe  upper 
part,  il  follows  that  the  most  obtinnt 
variation  must  take  place  in  the  lower 
branch.  Now,  when  the  quicksilver  risct  in  the  part  FG,  it 
raitet  tbe  ball  G,  and  the  other  ball   H  descendi  and  turns  the 

Killey,  with  an  index  ronnd  a  graduated  circle,  from  H  lowardt 
and  P,  and  tbe  contrary  way  when  the  mercury  and  ball 
tink  in  Ihe  bent  part  of  tbe  tube.  Hence  the  acale  it  eatilj 
enlarged  ten  or  twelve-fold,  being  increased  in  prin 
tkeaxisofthepalley.  (o  the  leogih  of  the  iadaxli 
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then  it  must  be  observed,  tbat  the  friction  of  the  pulley  and 
axis  greatly  obstructs  the  free  motion  of  the  qaicksihrer.  This 
imperfection  in  wheel  barometers  has  been  in  a  f^reat  measure 
obviated  by  introducing  two  pulleys,  moving  on  friction  wheels. 

Various  other  barometers  might  here  be  enumerated,  as 
constructed  by  Descartes,  Huygens,  De  la  Hire,  Boyle,  0«me, 
Caswell,  Rowning,  &c.  many  of  tbem^  however,  now  out  of  use, 
are  purposely  omitted. 

Phenomena  of  the  Barometer. — The  phenomena  of  tlie  baro- 
meter, considered  as  a  weather-glass,  have  been  very  dtffe^- 
ently  stated  and  explained  by  various  writers ;  and  they  arp 
so  precarious,  tliat  it  is  extremely  difficult  to  form  any  fixed  and 
ffeneral  rules  concerBing  them.  Although  the  barometer  never 
tails  to  indicate  a  storm,  or  any  great  change  of  weather,  for  some 
hours  before  it  occurs ;  yet  its  variations  afford  no  indications 
that  are  absolutely  certain,  with  respect  to  those  less  eoBsi- 
derable  changes,  to  which  the  weather  is  subject  in  our  variable 
climate.  With  certain  restrictions  they  affcnrd  some  ground 
for  probable  conjecture  ;  and  these  restrictioiis  are  to  be  deter^ 
mined  merely  by  the  sagacity  of  long-continued  observation 
and  experience.  Strktiy  speaking,  the  height  of  the  mercury 
in  the  barometer  has  no  immediate  and  necessary  connexion 
either  with  rain  or  fair  weather.  Tbat  its  variable  height 
is  the  immediate  consequence  of  the  variable  pressure  of  the 
atmosphere,  is  a  fact  that  admits  of  no  doubt ;  but  the  causes 
of  this  variable  pressure  have  not  yet  been  fully  and  satiS" 
foctorily  ascertained ;  and  how  far  the  state  of  the  wea- 
ther, in  ail  its  minute  and  sudden  changes,  depends  upon 
it,  is  a  question  that  is  still  to  be  determined.  The  mercury  is 
commonly  highest  in  winter  and  lowest  in  summer ;  it  is  least 
variable  at  the  solstices,  and  most  variable  at  the  equinoxes. 
The  principal  observations  that  have  been  made  on  tbe  varia- 
tions of  this  instrument,  are  summed  up  in  the  following  par- 
ticulars : — 

1.  The  more  considerable  elevations  and  depressions  of  the 
mercury  in  the  barometer  happen  at  a  very  short  interval  of 
time,  in  places  very  remote  from  each  other.  This  corre- 
spondence was  observed  by  Mr.  Derbam,  in  1690,  between  the 
heights  of  the  mercury  at  Upminster  in  Essex,  and  Townly  in 
Lancashire ;  and  afterwards  by  M.  Maraldi,  between  the 
variations  at  Paris  and  Genoa,  at  the  distance  of  nearly  four 
degrees  of  latitude,  who  adds,  during  these  variations,  different 
winds  prevailed  at  these  places.  But  Mr.  Kirwan  observes, 
that  where  there  is  a  considerable  difference  of  k>ngiKide,  the 
like  agreement  is  not  found. 

2.  The  deviations  of  the  mercury  from  its  mean  annual 
altitude  are  far  more  frequent  and  extensive  in  the  neighbour- 
hood of  the  poles  than  in  that  of  the  equator.  At  Petersburgh, 
in  17!25,  the  mercury  once  stood  at  the  amazing  height  of  31-59 
inches,  if  we  may  credit  Mr.  Consett;  and  yet  it  has  been  so 
low  as  28*14  inches.  In  the  northern  parts  of  France,  the 
variations  are  greater  than  in  the  southern :  at  Naples,  they 
scarcely  exceed  one  inch.  In  Peru,  under  the  equator,  and  at 
the  level  of  the  sea,  they  amount  only  to  two  or  three  tenths  ot 
an  inch ;  but  in  other  parts,  within  a  few  degrees  of  the  line, 
on  the  approach  of  the  rainy  season,  or  of  hurricanes,  the 
barometer  falls  an  inch  or  more. 

3.  The  variations  without  the  tropics,  are  greater  and  more 
frequent  in  the  winter,  than  in  the  suimner  months. 

4.  The  variations  are  considerably  smaller  in  very  .elevat- 
ed situations  than  on  the  level  of  the  sea.  Thus  M.  Bouguer 
observed,  that  on  the  coast  of  Peru  the  variations  extended  to 
i  of  an  inch ;  at  Quito,  elevated  9374  feet  above  the  sea,  they 
comprehend  only  0*097ths  of  an  inch.  Saussure  made  similar 
observations  in  Savoy,  as  did  M.  Lambert  in  Switzerland. 

6.  The  mean  height  of  the  barometer  on  the  level  of  the  sea, 
inmost  parts  of  the  globe  hitherto  examined,  is  about  .30  inches  : 
M«  Bouguer,  under  the  line,  observed  it  at  29*908  inches  ;  but 
an  his  barometer  was  not  purged  of  air  by  fire,  it  stood  lower 
tlian  it  should  have  done.  Sir  O.  Shnckbargh,  on  a  mean  of 
several  observations  <m  the  coasts  of  Italy  and  Cngland,  found 
it  at  30*04  inches,  when  the  temperatore  of  the  mercury  was 
flfiP,  and  tbat  of  the  air  029.  The  mean  herigbt  of  the  barometer 
in  London,  upon  an  airerage  of  two  observations  in  every  day 
of  the  year,  kept  at  tbo  house  of  the  Royal  Society,  for  many 
ymtn  paal,  is  30*80;  the  mnm  temponitara  ar  height  of  the 


thermometer,  according  to  the  same,  being  Q6P.  The  greatest 
height  observed  by  Sir  G.  Shockbnrgb,  D^c.  26, 1778,  in  Lon- 
don, was  30*948  inches,  the  thermometer  being  at  47^ ;  and, 
reduced  to  the  heat  of  50^,  it  was  30*957 ;  and  this,  he  says,  is 
the  greatest  height  which,  as  far  as  he  has  been  able  to  collect, 
it  has  ever  been  known  to  stand  at  in  any  country,  where 
observations  have  been  made  and  recorded,  since  the  first 
invention  of  this  instrument  In  the  proximity  of  the  poles^ 
says  Mr.  Kirwan,  the  annual  jnean  heights  of  the  barometer 
differ  much  more  from  the  standard  than  in  the  more  southena 
parts  of  our  hemisphere. 

In  estimating  the  connexion  of  the  variation  of  the  barometer 
with  the  weather,  particular  rules  have  been  given  by  different 
philosophers ;  our  limits,  however,  will  only  allow  of  stating 
those  of  Dr.  Halley  and  Mr.  Patrick,  which  are  as  follow : — 

Dr.  Halley*s  Rules  for  judging  of  the  Weather. — 1.  In  calm 
weather,  when  the  air  is  inclined  to  rain,  the  mercury  is  com- 
monly low. 

2.  In  serene,  good,  and  settled  weather,  the  mercury  is 
generally  high. 

3.  Upon  very  great  winds,  though  they  be  not  accompanied 
with  rain,  the  mercury  sinks  lowest  of  all,  according  to  the 
point  of  the  compass  the  wind  blows  fiom. 

4.  The  greatest  heights  of  the  mercury  are  found  upon 
easterly  or  north-easterly  winds,  other  circumstances  alike. 

5.  In  calm  frosty  weather,  the  mercury  commonly  stands 
high. 

6.  After  very  great  storms  of  wind,  when  the  raerciiry  has 
been  very  low,  it  generally  rises  again  very  fast 

7.  The  more  northerly  places  have  greater  atteratioiis  of  the 
barometer  than  the  more  southerly,  near  Ae  equator. 

8.  Within  the  tropics,  and  near  them,  there  is  little  or  no 
variation  of  the  barometer,  in  all  weathers.  For  instance,  at 
St.  Helena  it  is  little  or  nothing,  at  Jamaica  -ftths  of  an  inch, 
and  at  Naples  the  variation  hardly  ever  exceeds  an  inch ; 
whereas  in  England  it  amounts  to  2\  inches,  a||d  at  Petersburgh 
to  3f  nearly. 

Dr.  Beal,  who  followed  the  opinion  of  M.  Pascal,  observes, 
that,  caterie  paribus j  the  mercury  is  higher  in  cold  weather  than 
in  warm  ;  and  in  the  morning  and  evening  usually  higher  that  at 
mid-day :  that  in  settled  and  fair  weather  the  mercury  is  higher 
than  either  a  little  before  or  after,  or  is  the  rain ;  and  that  it 
commonly  descends  lower  after  rain  than  it  was  before  it 
And  he  ascribes  these  effects  to  the  vapours  with  which  the  air 
is  charged  in  the  former  case,  and  which  are  dispersed  by  the 
falling  rain  in  the  latter.  If  it  chance  to  rise  higher  after  rain,, 
it  is  usually  followed  by  a  settled  serenity.  And  that  there  are 
often  great  changes  in  the  air,  without  any  perceptible  altera- 
tion in  the  barometer. 

Mr,  Patrich's  Rules  for  judging  ef  the  WetUker, — These  are 
esteemed  the  best  of  any  general  rules  hitherto  made : 

1.  The  rising  of  the  mercury  presages,  in  general,  fsdr  wea- 
ther ;  and  its  falling,  foul  weather,  as  rain,  snow,  high  winds^ 
and  storms. 

2.  In  very  hot  weather,  tiie  falling  of  the  merpnry  indicates 
thunder. 

3.  In  vrinter,  the  rising  presages  host ;  and  in  frosty  weather, 
if  the  mercury  falls  three  or  four  divisions,  there  will  certainly 
follow  a  thaw.  But  in  a  contiiiued  frost,  if  the  mercury  rises, 
it  will  certainly  snow. 

4.  When  foul  weather  happens  soon  after  the  fallhig  of  the 
mercury,  expect  but  little  of  it ;  and  on  the  contrary,  expect 
but  little  fair  weather  when  it  proves  fair  shortly  after  the 
mercury  has  risen. 

5.  In  foul  weather,  when  the  mercury  rises  much  and  high, 
and  so  continues  for  two  or  three  days  before  the  foul  weather 
is  quite  over,  then  expect  a  continuance  of  fair  weather  tir 
follow. 

0.  In  fair  weather,  when  the  mercury  falls  nrach  and  low,  and 
thus  eontinnes  for  two  or  three  days  before  the  rain  comes, 
then  expect  a  great  deal  of  wet,  and  probably  high  winds. 

7.  The  unsettled  motion  of  the  mercury  denotes  uncertain 
and  changeable  weather. 

8.  You  are  not  so  strictly  to  observe  the  words  engraven  on 
the  plates,  as  the  mercury's  rising  and  falling ;  though  in  gene- 
ral  it  will  agree  with  them.    For  i(  it  stands  at  much  rain,  ant 
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balfwtlhont  h»isg  tlie  least  app«araDce  of  being  converted 
into  bajaltes. 

Chtmieattg  analgxtd  Baialte*  imd  Lava  girt  the  following  retulu. 
Bacaitei  100  parts,  contain 

Siliceons  earth part*  60 

AreiUaceoos " 

Calcareonj 

Hagneiia 

Iron 

100 

The  basalles  of  Staff*  contains  60  parts  of  flint ;  the  lava  of 
Catanea  Moont  Etna,  61  parts ;  the  whiostone  of  Salisbury 
Craig  near  Edinbai^h,  46  parts  of  flint;  that  of  ihe  Calton 
Hill  Edinburgh,  50;  and  the  lava  of  Sta.  Vene*e,  Etna,  501 
parts  flint  in  every  100  parts.  These  analogies  are  very 
■ingnlar  in  these  marbles ;  which  have  been  considered  bj 
some  as  crystallizations  from  waler. 

BASE  of  a  FiauHE,  in  Geometry,  denotes  the  lowest  pari 
of  its  perimeter;  in  which  sense  ihe  base  stands  opposed  to 
the  etrttx,  which  denotes  the  highest  part. 

Base  of  a  r^At-dtiffbd  triangle,  is  properly  the  bjpothenuse, 
though  it  is  generally  used  to  denote  one  of  the  sides  abont 
tbenght  angle,  the  other  side  being  called  the  perpendicular; 
this,  however,  depends  totally  upon  the  position  of  the  flgure, 
a<,  properly  speaLiug,  that  side  which  is  lowest,  or  on  which 
the  figure  stands,  is  the  base ;  and  for  this  reason  tbat.side  on 
which  a  solid  body  stands  is  called  the  base  of  a  solid. 

Basb  of  a  Coaie  Seclion,  is  a  right  Une  in  the  parabola  and 
hyperbola,  formed  by  the  common  intersection  of  the  cutting 
plain  and  the  base  of  the  cone. 

Bass,  in  Snrveying,  is  a  line  measured  with  the  greatest 
possible  exactness,  on  which  a  series  of  triangles  are  con- 
stmcted,  in  order  to  determine  the  position  of  objects  and 
places. 

BASKERVILLE,  John,  an  eminent  artist  in  letter  founding 
and  printing,  was  bom  at  Woverley  in  Worcestershire,  in 
1706,  and  after  bringing  the  printing  of  hooks  lo  its  greatest 
perfection,  in  Birmingham,  he  died,  without  issue,  in  1776. 

BASSOON,  a  musical  instrument  of  the  wind  sort,  blown 
with  a  reed,  famished  with  eleven  boles,  and  used  as  a 
bass  in  a  conoert  of  haalboys.  Antes,  Sec.  To  render  this 
instrument  more  portable,  it  is  divided  into  two  parts,  whence 
it  is  also  called  a  baggot.  Its  diameter  al  bottom  is  nine 
inches,  and  its  holes  are  slopped  like  those  of  a  flute. 

BASTION,  in  Fortification,  a  large  mass  of  earth,  faced 
nioftllf  with  lodi,  Bometimes  with  brick,  standing  oat  from  a 


rampart,  whereof  it  is  a  principal  part.  The  bastion  consists 
of  the  (ace,  flank,  onrtain,  and  gorge,  as  marked  in  the  figure. 
BATH,  a  receptacle  of  water  in  which  to  plunge,  wash,  or 
bathe  the  body ;  and  the  water  may  be  either  hot  or  cold, 
utaral  or  artiflclal,  of  fresh  water  or  of  salt  In  this  country 
we  have  hoi  natural  baths  at  Bath,  Bristol,  Buxton,  and  Hat- 
-  look,  which  are  all  beneficial  in  diseases  of  the  head,  palsies, 
eataneoM  diseases,  scnrvy,  obitmctions,  be.  The  Russians 
onre  all  diseases  by  hot  haihs,  and*  now,  in  Britain,  vapour 
bftthi,  as  Captain  Jekyll's,  (see  the  next  figure.)  are  becoming 
The  (^tain'i  bath  is  also  a  portable  machine. 


BATHING,  immersing  the  body  in  hot  or  cold  wai 
steam,  made  as  it  were  a  part  of  the  existence  of  the  a 
Bot  when  the  vapour  is  passed  through  a  cloud  of 
perfumes,  the  bather  is  extended  freely  on  a  couch 
servant  kneads  the  whole  body  without  causing  the  ) 
pain,  and  then  rubs  the  skin  with  a  Gne  ^'ove,  till  it  I 
soft  and  smooth  like  sitk  ;  it  is  then  indeed  that  one  exp 
a  universal  comfort,  and  health  resulting  from  cleanliD 
bath  adds  both  to  the  happiness  and  longevity  of  its  vi 

BATTALION,  a  small  body  of  infantry,  aranged  in 
battle,  and  ready  to  engage  an  enemy.  It  consists 
600  to  1200  men,  armed  with  firelocks,  swords,  and  h 
divided  into  13  companies,  one  of  which  is  the  grenad 
pany.  Some  regiments  consist  of  one  battalion,  oth< 
3,  4,  or  6  battalions. 

BATTERING  Ram,  or  Aries,  an  ancient  militarj 
employed  for  destroying  the  walls  of  fortified  places,  < 
there  were  three  different  sorts  ;  the  first  rude  and  p 
Others  artificial  and  compound.  The  first  seems  to  hi 
nothing  more  than  a  great  beam,  having  a  heavy  head 
which  the  soldiers  bore  in  their  arms,  and  with  one  ( 
assailed  the  walls  by  main  strength  :  this  of  course  was 
at  a  great  expense  of  labour,  and  without  prodnc 
remarkable  effect  The  second  sort,  as  described  by  J' 
consisted  of  a  very  heavy  beam,  headed  with  iron  as  ab 
suspended  in  the  middle  from  another  strong  beam  ai 


on  two  posts,  which  being  erected  under  the  walls  of  tl 
was  swung  backwards  and  forwards  by  Ihe  soldier) 
the  repeated  shocks  thus  given,  the  wall  was  totally  den 
this  machine  was  sometimes  covered  by  a  screen,  in 
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BAYER,  John,  a  Genoan  utronomet  of  tbe  17th  centarjr, 
wbo  published,  io  1003,  an  excellent  work  entitled  "  Urano- 
metria,"  being  a  celeittal  atlas,  or  charts  of  all  the  constellS' 
tioDST  hefiTatdistinguished  the  stars  bj  the  letters  of  tbe  Greek 
alphabet,  and  according  to  the  order  of  tbe  raaKnilade  of  the 
Mtnrs  in  each  constellation.  This  work  was  republished  b;  the 
andioT  in  1637,  under  a  new  title,  viz.  "Coelum  slelUtum 
Chris danam :"  here  be  rejeeted  the  old  figures  of  the  constel- 
lations, and  inserted  others  taken  from  tbe  scriptores:  but 
this  iDDOvalion  w*s  not  relished ;  and  accordingly  we  find, 
tbal  in  tbe  later  editions  of  1654  and  1661,  the  ancient  fignres 
and  names  were  restored  again. 

BEAMS,  in  Naval  Architecture,  strong  thick  pieces  uf  tim- 
ber, slrelebins  across  the  ship  from  side  to  side,  to  support 
the  decks,  and  retain  the  sides  at  their  proper  distance,  with 
which  they  are  firmly  connected  hy  means  of  strong  knees. 
They  are  sustained  at  each  end  by  thick  planks  in  the  sbip's 
side  called  clamps,  upon  which  they  rest. 

Midihip  Bean,  tbe  longest  henm  in  a  ship,  being  lodged  in 
the  midship  frame,  or  between  the  widest  frame  of  timbers. 
At  about  two-thirds  of  the  height  from  the  keel  to  the  lower 
deck,  ore  laid  a  range  of  beams  to  fortify  the  hold  and  support 
a  platform  called  the  orlop,  which  contains  the  cables  and 
■tores  of  the  ship.  There  are  usually  twenty-four  beams  on 
the  lower  deck  of  a  ship  of  seventy-four  guns,  and  to  the  other 
decks,  additional  ones  in  proportion  as  the  ship  lengthens 
above.  It  is  necessary  that  tbe  beams  should  have  a  greater 
height  in  the  middle  than  at  the  two  ends,  to  carry  the  water 
more  readily  off  from  the  decks,  and  to  diminish  the  recoil  at 
the  guns,  which  will  thereby  more  easily  retnrn  to  their  places. 

Orlop  Beams,  support  the  orlop  deck,  but  are  chiefly  intended 
to  forttfy  the  bold. 

Oh  tkt  Beam,  implies  any  distance  from  a  ship  on  a  line  with 
the  beams,  or  at  right  angles  with  the  keel. 

BtfoTt  ihe  Beam,  is  an  arch  of  tbe  horizon,  comprehended 
between  a  line  that  crosses  her  length  at  right  angles,  and  some 
object  at  a  distance  before  it ;  or  between  the  line  of  the  beam 
and  that  point  of  Ihe  compass  which  she  stems. 

On  tke  Weatkrr  Beam,  on  the  weather  side  of  the  ship. 

Beah  tndt,  a  ship  is  said  to  be  on  her  beam  ends,  when  she 
inclines  very  much  on  one  side,  so  that  her  beams  approach  to 
a  vertical  position  ;  hence  also  a  person  lying  down  is  said  to 
be  on  his  beam  ends. 

Bead  of  a  Balance,  the  horizontal  piece  of  iron  from  the 
ends  of  which  the  scales  arc  suspended. 

Beak  Compati.     See  Cohi-ass. 

BBAR,  Great  and  Little,  io  Astrononay,  the  same  as  Ursa 
MMor  and  Ursa  Minor,  which  see. 

BEAKDof  aCoHET,  the  rays  which  it  emits  in  the  direction 
in  which  it  moves,  as  distinguished  from  the  tail,  or  the  rays 
emitted  or  left  behind  it  as  it  moves  along,  being  always  in  a 
direction  from  the  sun.     Set  Comet. 

BEARING,  in  Geography  and  Navigation,  Ihe  position  of 
one  place  with  regard  to  another,  as  estimated  by  the  points 
of  the  compass.  Thus  a  place  is  said  to  bear  north-east,  or 
north-north-east,  ice.  meaning,  that  it  lies  from  your  present 
situation  in  those  directions. 

BEER-Drawino  Machines  are  contrivances  by  means  of 
which  the  beer  is  drawn  from  several  casks  at  once,  from  cocks 
standing  in  a  frame,  in  the  bar  of  a  tavern,  or  any  convenient 

Elace  above  a  cellar.  These  machines  are  merely  an  assem- 
lage  of  small  pumps,  either  sucking  or  forcing,  whose  pipes 
of  commonlcalion  are  attached  to  the  lower  parts  of  the  respec- 
tive casks  from  which  the  liquor  is  drawn.  The  motion  is 
given  to  the  piston  sometimes  by  levers,  at  others  by  cranks ; 
but  most  frequently  by  means  of  a  hammer-fonned  lever  mov- 
ing in  a  vertical  plane. 

BEES.  There  is  no  kind  of  stock  in  which  a  purchaser  is  so 
easily  deceived  as  that  of  a  hive  of  bees.  Tbe  following  are 
the  ttest  criterioos  by  which  to  judge  of  its  value.  If  a  hive  be 
purchased  in  the  spring,  it  should  never  weigh  less  than  fifteen 
pounds  ;  if  in  the  autumn,  never  less  than  thirty  ;  and  if  it  be  a 
ttotk  hive,  its  weight  should  be  forty  pounds,  for  all  old  hives 
contain  a  certain  portion  of  tbe  bee  bread.  Great  care  should 
he  taken  in  weighing  a  hive,  lest  the  comb  should  be  shaken, 
and  so  loosened.    The  middle  of  the  day  is  the  best  time  to 


choose  a  hive,  and  the  following  points  abould  be  strictly 
attended  to: 

1.  The  more  nnrocrons  the  bees  which  enter  the  hive  with 
yellow  balls  or  pellicles,  the  better  the  hive  is. 

2.  The  drones  should  likewise  be  numerous. 

3.  The  activity  of  Ihe  bees  ;  for  if  they  saonfcf  aboat,  and 
then  re-enter  the  hive  without  taking  wing,  it  is  a  bad  symptom, 

4.  The  courage  they  display  in  repelling  the  strange  bees. 

5.  The  namber  of  bees  who  remain  al  the  entrance  of  the 
hive  fanning  with  their  wings-— tbe  greater  tbe  internal  popula- 
lation  :  this  circumstance  is  a  strong  proof  of  the  excellence  of 

6.  A  swarm  should  always  be  put  into  a  new  hive. 

7.  The  e\aminalion  of  a  stock-hive  may  be  pursued  with 
safety,  however  courageous  the  bees  may  appear,  by  smoking 
a  little  tobacco  near  the  hive.  But  as  it  raay  happen  that  the 
unskilful  apiarian  may  be  stung,  the  sting  should  be  imme- 
diately extracted,  and  a  little  goulard  water,  or  laudanum,  or 
sweet  oil,  instantly  applied  to  it.  The  mid  day  is  a  belter  time 
for  the  examination  of  a  hive  than  the  evening;  and  the  editor 
of  this  work  performed  this  very  operation  on  the  day  he 
penned  these  observations. 

Internal  Appearaneei  of  a  good  Hire. — 1.  Tbe  Uvc  ibonld  be 
crowrled  with  heel. 


known  by  their  being  sealed  up. 

4.  A  number  of  queen-bee  cells  (which  resemble  Inverted 
cupping  cups)  is  a  sign  that  it  is  a  very  old  hive;  it  sbonM 
therefore  be  rejected. 

5.  If  an  unpleasant  odour  issue  from  thb  hive,  it  is  nnbeallby. 
Tbe  smell  of  a  healthy  hive  resembles  that  of  heated  wax,  par- 
taking at  the  same  time  of  the  fragrance  of  honey.  Two  or 
three  bees  should,  however,  be  sacrificed,  to  ascertain  the  stata 
of  the  bees :  if  the  substance  in  the  stomach  be  of  a  yellowish 
colour,  and  smelling  somewhat  like  honey,  the  bees  are  in  good 
health ;  if,  on  the  contrary,  it  be  blackish,  with  a  fetid  smelt, 
the  dysentery  reigns  among  them. 

0.  If  dark  liquid  spots  are  seen  on  the  board  of  the  hive,  it 
is  a  bad  sign ;  Ihe  dysentery  is  making  ravages  within ;  and  if 
a  great  number  of  small  particles  of  wait  arc  also  observed,  the 
hive  is  infested  nilh  moths. 

7.  If  tbe  wings  of  the  bees  are  ragged  and  torn,  the  hive  is 
old— have  nothing  Io  do  with  it.  The  hive  should  be  carefollf 
removed  in  the  evening ;  the  hole  of  entrance  should  be  stop- 
ped up  with  clay,  as  well  as  every  other  crevice  through  which 
a  bee  could  make  its  escape.  Let  them  settle  half  an  hour 
before  the  clay  is  removed.  The  hives  should  stand  on  sepa- 
rate pedestals  a  yard  apart. 

Among  tbe  various  plans  proposed  for  the  cultivation  of 
bees,  we  shall  notice  in  this  place  Milton's  newly  invented 
double-topped  Straw  Hive. 
Proceed  to  hive  a  swarm  in  the  lower  part  of  the  hive  in  tfae 
usual  way,  as  in  the  figure.  The  board 
at  the  top  must  be  kept  close,  by  secur- 
I  ing  the  openings  hy  means  of  a  thamb- 
*  screw,  so  that  when  iirst  hived,  the 
holes  of  both  boards  shall  not  corre- 
spond.  and  by  thus  turning  the  upper 
board,  it  will  prevent  the  bees  from 
parsing  through  while  hiving.  At 
night,  bring  the  hive  into  the  bee-house, 
or  where  you  intend  it  should  stand  ;  in 
about  two  days  after,  place  on  th« 
the  figure,  (p.  99,)  over  their  respective  openings, 
and  slop  them  round  with  mortar ;  after  which,  tarn  tbe  board  B 
to  admit  the  bees  to  ascend  for  the  ourpose  of  working,  coief 
the  glasses  with  the  small  upper  bive,C,BO(l  do  not  look  at  them 
for  a  few  days.  Indeed,  nothing  will  then  be  necessary,  but  to 
ascertain  when  they  are  filled,  which  is  known  by  the  cell  bein^ 
sealed  over,  w  hich  you  may  expect  in  about  twenty  days  after  a 
swarm  has  been  hived. 

When  you  wish  to  take  the  honey,  and  to  remove  all  the 
glasses,  turn  tbe  board  to  exclude  the  bees;  then  with  a  Ihio 
knife  loosen  Ibem  from  the  adapter;  leave  them  thus  forabOat 
an  hour ;  then  carry  the  glasses,  inverted,  a  short  disUuice 
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drawiitg  the  afider  clear  of  tte  mating,  mai  pladnf  Uie  cora- 
monhiie  over  it  in  the  eTeoiug,  taking  chi*  to  ItoptMMitruiCe 
of  the  fortotn  »itb  clay.  The 
bees  will  of  course  ihen  en- 
ter at  the  botlom,  and  when 
they  have  worked  the  bottnni  . 
hive  nearly  ftiU.  which  yoB>J.^ 
aicertaia  by  means  of  the  u 
windoma,  carefully  lift  them  \\ 
tip,  and  place  under  tbem  ,' 
another  hexagon  hive  ;  goD'  j,; 
■equenlly.  this  colony  con- 
sists of  three  hive*,  and  it 
wil)  not  be  safe  to  remove 
the  upper  hive,  nnless  th« 
bees  have  worked  combs 
into  the  bottom  hive,  which,  if  effected  at  tlweiidoflfa»>aasoii, 
jon  may  safely  take  the  common  hive,  with  k*  conteata. 

Tha  flat'topped  straw  hive,  desorilied  by  Itr.  WiUman,  is 
directed  to  beosed  in  a  siBularmBaoer.aaawvrfbgfte  porpose 
only  to  a  certain  exlcnl,  as  it  doea  not  admit  of  windows,  to 
enable  yoa  to  know  when  the  bees  have  finally  worlced  down. 

Tht  Commim  Hne,  as  here  repreaented,  U  in  aacb  general 
nse  in  Ibis  country.tbat  It  requires  bat 
Utile  observation,  except  on  some 
ewential  paints,  which,  to  beneSt  tbo 
cultivator,  ought  to  be  attended  to. 
First,  care  should  be  taken  to  have  the 
hive  made  of  clean  and  good  straw, 
and  mannfactared  of  a  snitabte  thick- 
nen.  Seoondly,  a  hive  should  be 
chosen  in  proportion  to  the  size  of  the 
Bwann  ;  and  when  yon  have  sncoeeded 
in  obtaining  a  good  hive,  and  placed  a  swarm  in  it,  which 
■hould  fill  it  to  within  a  rim  or  two  of  the  bolloni,  shelter  it 
from  cold  winds  and  rain  ;  for  if  once  the  wet  penetrates  a 
iiive,  it  aBeots  the  combs,  and  the  bees,  getting  a  distaste  for 
their  home,  will  work  very  slowly,  and  often  desert  it  altoge- 
ther. It  is  not  material  id  what  aspect  the  stock  stands,  pro- 
vided the  sun  shines  nn  the  hive  once  in  the  course  of  the  day. 
Well-peoptcd  hives   kept  dry,  will  thrive  in  any  situation. 

One  of  those  fatai  incidents  to  which  this  hive  is  subject, 
occurs  through  covering  it  with  a  hackle  or  turf,  by  which  jou 
oatice  the  mouxe  to  make  a  nesi  on  the  top.  and  ultimately  eat 
its  way  through  the  crown  of  the  hive,  and  destroy  both  combs 
and  bees.  About  Auguxt,  the  robbing  commences  by  stranger 
beea  and  wasps,  which  is  but  little  regarded  :  an  important 
benefit  will  be  derived  by  destroying  the  qaeen  wasp,  seen 
•boot  April,  which  is  the  mother  of  tlrausandi  ;  much,  there- 
fore, is  iinved  in  the  preservation  of  those  hives  which  stand 
the  winter. 

In  September,  yonr  attention  ibonld  be  directed  to  weigh 
yoai  stocks  ;  none  of  those  of  less  than  from  fifteen  to  twenty 
pounds  in  weight  can  safely  be  relied  on  to  stand  the  winter, 
witboot  feeding ;  and  stop  all  hires  down  to  the  board  with 

Puttura^e,  or  Bn-Flovert. — Bees  are  fond  of  those  places 
where  their  favourite  flowers  are  to  he  found  ;  therefore  bee- 
keepers should  encourage  the  growth  of  snch  shrubs  and 
ioweri  as  are  known  to  supply  honey  and  wsz  in  the  greatest 
abnndance ;  iit  most  situations  bees  do  not  Jj^  far  for  food, 
geaerally  not  more  than  half  a  mile ;  they  may  be  observed  to 
return  with  great  precipitation  to  the  hive  when  rain  or  a  storm 
approaches.  The  following  are  the  most  favoorable  for  pas - 
iurage,  and  those  which  blossom  early  are  (he  most  desirable: 

SAmiii^-c— All  fruit  trees,  lime  trees,  furae,  broom,  heath, 
■allow  or  gray  willow,  rosemary,  barberry  tre^  gooaeherry, 
rajip  berry. 

JVMcerfi— Hysaop,  mnstard ;  tamipa,  cabbage,  and  white  clo- 
ver, left  for  aeod  ;  beans  in  bloom,  mignonette,  lemon  thyme, 
garden  and  wild  thyme,  borage,  winter  savory. 

Mignonette,  borage,  and  lemon  thyme,  are  the  prinoipa),  as 
they  continue  long  in  bloom,  and  afibrd  die  finest  noney. 
RoMmary  is  also  «  great  favourite,  hut  aeldom  supplies  much 
honey,  unless  the  weather  proves  very  hot  and  dry  when  it  is 
in  blosiom,  yet  it  ia  wotth  raltivUiiiKt  eipacully  in  »  loatliam 


aspect,  being  one  of  the  principal  aromatic  plants  fram  which 
Ihe  bei's  in  the  neighbourhood  of  Narbouno collect  their  honey 
and  it  is  esteemed  Ihc  finest  in  Europe.  Fields  of  beans, 
while  clover,  end  buck-H  heat,  are  of  great  benefit.  Kivers  or 
Elreams  of  wnter  are  also  very  heneOcial,  as  bees  moke  use  ol 
a  great  deal  of  water. 

SiL-mnntng,  or  the  alock-hivc  easting  part  of  ita  infaabHanU 
for  a  fresh  culouy.  depends -on  the  incream  of  beet,  and  a 
queen  being  ready  to  lead  tbem.  Their  breeding  begins  aoonei 
or  later,  according  to  the  forwardness  of  the  spring,  the  fruit- 
fulness  of  the  queen,  and  the  sltengih  of  Ihe  hive.  When  bees 
carry  in  farina  or  pelleta  on  their  thighs,  it  denotes  Ibe^r  have 
coimneneed  breeding,  which  may  be  as  eariy  as  Fehmary,  and 
not  finish  till  Oelober;  and  when  their  nnmbers  are  mueh 
increased,  they  shew  the  indications  of  swarming,  bf  their  olns- 
teriKg  ia  great  (|iiM(ittes  below  the  resting  board.  They  never 
rise  bat  on  a  fine  day.  and  sometimes  will  settle,  and  for  some 
cauM  retam  to  the  stock,  probably  for  want  of  a  queen  being 
wilh-tlMw.  Sowe  hives  will  cast  three  times,  but  moatly  otll; 
twice.  The  second  cast  you  may  expect  within  (hree  or  fovr 
days,  and  never  later  than  ten  days  after  the  first.  Should  a 
stock  overswarm  iLself,  it  will  perish,  unless  strengthened ;  thla 
may  he  ascertained  by  observing  the  quantity  of  bees  after- 
wards seen  to  enter.  It  is  necessary  in  the  swarming  seaaon 
from  April  to  Jnly,  particularly  in  May  and  June,  to  obsem 
the  hives  on  a  fine  day ;  in  general,  the  bees  issue  forth  in  new 
colonics,  about  noon — from  nine  to  about  three  In  the  after- 

Hieing. — Bee-keepers  should  have  spare  hives  prepared  ta 
hive  the  bees  as  aoon  as  they  have  settled ;  for,  should  the 
sun  shine  hot  on  the  swarm,  it  may  take  another  flight,  and  yon 
may  possibly  lose  it.  The  manner  of  hiving  them  mutt  be 
regulated  by  Ihe  nature  of  the  place  on  which  Ibey  settle.  The 
custom  of  preparing  hives  varies;  a  clean  new  hive  only 
requires  the  loose  straw  In  be  rubbed  ofl"  with  a  clolh ;  if  any 
dressing  he  used,  fennel  dipped  in  boiled  ale  and  sugar  will 
best  answer  the  purpose.  Have  ready  a  cloth  whereoa  te 
place  the  hive,  and  a  wedge  to  raise  it :  if  the  swarm  sbcmld 
settle  on  a  branch,  shake  the  best  part  of  it  into  the  hive,  place 
it  on  the  clolh  on  the  ground,  and  continue  to  disturb  thewrvaiw 
where  it  settled,  and  the  hive  being  left  underneath,  they  will 
all  go  in  ;  or  cut  the  branch  off,  and  gently  place  it  in  thfihive.. 
Should  the  bees  settle  on  the  ground,  place Uie  hive  over  tbem; 
and  though  bees  are  nol  apt  to  sting  at  this  time,  tbehiving should, 
be  performed  quietly.  Avoid  talking  and  breathing  on  tbcBb 
and  if  you  crush  any  of  them  they  will  resent  it :  therefMt),  to 
prevent  accident,  invariably  put  on  gloves  and  a  veil,  wUda 
will  give  yon  confidence.  All  swarms  are  to  be  aheltered,  and 
left  near  to  wherp  they  settle  till  the  evening;  (hence  to  be 
removed  very  gently  In  the  appointed  place. 

Unilitif  Swanu,  and  rrinforcing  Slacki.— It  is  essential,  wbea 
you  have  weak  swarms  of  hoes,  that  you  should  slrengtkaa 
them.  The  idea  so  prevalent,  of  the  greatest  number  of  hrns 
producing  the  most  honey  and  wax,  is  erroneous ;  for  great 
part  of  the  bees  are  necessarily  employed  in  rearing  the  joaag, 
and  therefore  the  number  of  those  who  are  occupied  m  OM- 
lectii^  honey  is  not  so  great  as  has  been  imagined  ;  for  evety 
swarm,  the  least  as  well  as  the  greatest,  is  provided  vrtth  a 
queen,  equal  in  frcmidity  to  the  queen  of  the  larger  stod^  Sfld 
as  the  brood  she  bring*  oontinnally  demands  the  labomr  and 
attendance  of  nearly  half  tbe  bees,  this  cirenmslBnce  renders 
the  other  moiety,  from  tbe  smallness  of  their  number,  on^l* 
to  aocumnlale  a  large  quantity  of  honey  in  the  short  time  it 
mostly  abounds,  and  therefore  honey  cannot  be  obtained,  in 
glass  hives  or  otherwise,  bnl  from  a  stroo^^y -peopled  hive. 

The  Method  ofUoiling:— Hive  Ihe  swarms  or  casts  in  tbe 
usual  way.  and  in  the  evening  spread  a  clolh  on  Ihe  ground, 
near  the  hive  to  he  reinforced  ;  bring  the  new  swam,  and 
strike  it  down  flat  on  Ihe  ground.  The  bees  will  then  fall  in  a 
cluster ;  qnickly  place  over  them  tbe  stock  to  be  reinforced ;  in 
ten  minutes  they  will  have  united  aitd  become  as  one  family, 
to  be  removed  the  same  evening  to  its  former  situation. 

Another  Method  of  Uniiing: — Each  cast  or  swarm  to  be 
hived  separately  ;  in  Ihe  evening,  tarn  the  crown  of  the  fatv« 
into  a  pail,  and  set  ihe  other  hive  exactly  over  It ;  in  tbe  mocm- 
log,  the  bees  bom  tbe  bottom  hive  will  have  ascended. 
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ing  the  hiT«  far  ftwa^  in  the  evening,  and  putting;  aa  empty 
one  in  ita  place.  Some  Uvea, will  nwarm  id  April,  but  thia  ia 
oonaidered  rather  early. 

May.— The  bees  now  becoming  very  numerous  in  a  heallh- 
fiil  hive,  many  of  them  fan  at  the  entrancei  to  refresh  their  in- 
matea ;  bssidea  which,  imBll  drops  of  pcrspirBlion  may  be  seen 
on  the  board,  aod  an  bcreasing  blBckness  also.  The  cjusler- 
ing  of  the  bees  round  the  month  of  the  hive  for  two  or  three 
days  together,  sometimes  at  the  mouth  of  the  hive,  forc- 
tels  the  swarming ;  and  if  bees  are  carefully  walched,  two  or 
three  may  be  observed,  and  aometiniea  more,  wandering  about, 
and  examining  particular  objecla. 

The  most  usual  time  of  swarming  ia  between  the  hoars  of 
nine  A. H.  and  two  p.m.  Thev  never  swarm  while  tbe  day  is 
clouded,  or  in  high  winds.  Yet  a  sudden  gleam  of  sunshine 
will  oflentimea  tempt  them  to  chooae  their  new  habitation,  even 
in  inclement  seasons.  All  the  clatter  made  by  pokers  and 
shovels  is  absolute  nonsense,  and  would  tend  rather  to  scare 
tbe  bees  than  settle  them ;  their  Sight  should  be  watched,  and 
when  once  they  settle,  the  hive  should,  if  possible,  be  held 
under  them — a  goose  wing  ia  of  great  service  in  brushing  them 
ofTj  but  if  they  attach  themselves  to  a  twig  which  can  becat  olf, 
this  should  be  done.  The  hive  should  be  well  rubbed  inside 
with  strong  beer,  sugar,  and  salt,  as  before  described  ;  though 
it  is  the  opinion  of  some  apiarians,  that  no  such  preparation 
is  necessary.  A  good  swarm  should  weigh  six  pounds :  its 
weight  ia  easily  ascertained  by  weighing  the  empty  hive  first. 
Should  a  hive  appear  destitute  of  drones,  «ome  must  be  caught 
as  they  are  about  to  enter  other  hives,  and  at  evening  they 
must  be  placed  at  tbe  entrance  of  the  hive  supposed  to  be 
desthnte  of  them. 

Jmit. — Second  swarms  take  their  flight  this  month ;  but  thej 
give  no  signs  of  their  departure,  and  therefore  should  be  well 
watched.  A  secood  swarm  is  not  worth  maoh,  but  two  such 
swarms  together  make  a  good  one.  The  two  swarms  may  he 
swept  into  the  same  hive,  and  one  of  the  queen  bees  will  be 
killed  by  the  strongest.  But  if  the  proprietor  has  skill  and 
courage  enough  to  do  it,  he  shonid  kill  one  of  the  queen  bees 
himself.  Second  swarms  may  be  returned  to  the  parent  hive 
in  tlie  following  manner : — Place  the  back  of  a  chair  parallel 
with  the  entrance  of  the  hive,  spreading  over  it  a  table-cloth, 
then  holding  the  hive,  containing  the  secood  swarm,  over  this, 
give  it  a  gentle  tap  or  two;  tbe  bees  will  fall  on  it,  and  may  be 
gently  impelled  to  their  old  habitation  by  a  feather  or  stick. 
A  first  swarm  commences  the  conatruclion  of  the  comb  in  the 
middle  of  the  hire  ;  the  second  swarm,  at  the  sides. 

Jvh/- — The  hives  should  be  shaded  this  month  from  the 
intense  heat  of  the  sun,  to  preserve  the  wax,  and  consequently 
the  honey.  Some  persons  extract  some  of  the  comb  at  this 
season  of  tbe  year.  A  bee  entering  the  hive  with  honey,  is  of 
a  cylindrical  form,  and  of  a  glossy  appearance.  The  bee  with- 
out honey,  is  sun-hroiled  and  wrinkled.  When  the  latter 
appear  numerous,  and  a  correspondent  proportion  of  bees 
without  the  pellets  of  wax  are  also  seen,  the  hive  to  which  tbey 
belong  is  in  a  decaying  state.  Those  hives  in  which  tbe  drones 
are  lirsl  destroyed,  are  of  particular  value. 

Auguil. — In  those  counties  where  they  audbcate  Ibe  bees,  the 
operation  is  carried  into  effect  in  this  month,  upon  tbe  suppo- 
sition, that  the  little  creatures  hejpn  to  live  upon  their  slock ; 
but  this  is  erroneous :  if  tbe  season  is  mild,  they  find  food  till 
October.  The  common  spider  commits  great  devastation  this 
luonih,  and  care  should  be  taken  to  destroy  him.  The 
entrance  of  the  hive  should  also  be  closed,  so  as  to  prevent 
more  than  two  bees  entering  at  the  same  time,  in  order  to 
exclude  other  robbing  bees  and  wasps.  The  usual  way.  how- 
ever, is,  to  offer  a  reward  for  every  wasp  not  destroyed.  The 
humble-bee  may  also  be  considered  an  enemy,  since  it  con- 
•umes  four  times  tbe  quantity  of  the  mellifluous  juice  of  flow- 
ers tbaa  tbe  bive  bee.  Tbe  hives  should  not  be  molested 
during  this  month,  more  than  can  be  helped,  or  than  ia  neces- 
sary for  their  preservation  against  the  attacks  of  their  enemiea. 

Stplembtr. — This  is  tbe  month  in  which  man^  apiarians  take 
a,  part  of  the  honeyed  store,  and  the  following  is  the  most 
approved  method  for  effecting  this  difficult  task  :— In  tbe  first 
place,  no  hive  should  be  incommoded  by  sticks.  Presuming 
that  tbi*  it  not  the  case,  the  bive  ahoold  be  caiefally  turned 
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up ;  some  tobacco  being  at  hand  readf  flor  funigatios.  ilie 
bees  will  then  lose  all  their  courage,  «nd  retreat  into  tfa« 
corners  of  the  hive  i  and  if  tbey  recover  from  their  stupor,  a 
second  application  of  the  tobacco  will  quiet  them.  The  comb 
should  then  he  oarefully  cut  out,  but  sparingly.  The  middle 
combs  should  not  be  touched.  When  two  weak  hive*  are  to 
be  joined,  Mr.  Huisb  recommends  that  both  should  be  stupe- 
fied by  fumigation,  and  one  of  the  queen  bees  carefully  di». 
covered  and  killed,  the  hive  to  which  she  belonged  being 
carefully  swept  into  the  other.  It  is  the  opinion  of  some 
apiariana,  that  the  bees  should  be  aasisted  in  the  destrnction 
of  the  drones.  Tbe  bive  should  be  carefully  examined,  tbe 
stool  cleaned,  and  strewed  with  salt.  Contract  the  entrance, 
and  plasterthehive  to  the  stool,  to  keep  oat  all  foreign  enemies. 
Ocfoier.— Bees  should  be  well  fed  tbia  monlb,  with  the  syrnp 
mentioned  in  February.  The  tons  of  the  hives  sbonld  be 
examined,  and  protected  from  all  damp  and  inclemency  of  the 
weather.  Cleanliness  is  absolutely  necessary  to  the  prosperity 
of  bees.  The  entrance  should  be  again  contracted,  so  as 
to  admit  only  one  bee. 

yavembtr. — The  hives  should  be  carefully  attended  to,  and 
care  sbonld  also  be  taken  that  they  have  plenty  of  food.  This 
may  be  ascertained  by  occasionally  weighing  the  hive  upon  the 
board  on  which  it  stands,  and  marking  the  decrease  of 
weight.  Great  cold  will  alTect  Ibe  bees,  and  reduce  them  to  a 
state  of  torpor,  which  will  end  in  death,  unless  relieved  bj  a 
removal  to  a  warmer  situation.  Every  scattered  benumbed 
bee  should  be  attended  to,  collected,  and  when  restored  to 
aiumation  by  gentle  warmth,  shonid  be  placed  at  the  moatb  of 
the  bive,  when  it  wiU  gladly  enter.  They  shonid  be  collceted 
in  a  handkerchief;  not  in  any  glazed  substance.  The  Geld 
mo nse  should  be  watched,  nnd  all  other  vermin  and  insects: 
and  the  hives,  if  in  an  exposed  situation,  should  be  fastened  by 
a  rope  to  the  stand,  lest  the  wind,  which  frequently  bappens, 
should  blow  them  down. 

December.— Aii  that  the  apiarian  has  to  attend  to  this  month. 
is  to  keep  bis  hives  clear  from  anow,  and  conSning  the  beea  to 
their  dwelling ;  and  the  less  tbey  are  disturbed  in  cold  weather, 
the  better,  since  tbey  are  kept  alive  in  winter  by  a  reciprocity 
of  animal  heat,  which  is  of  course  dirainiihcd  if  they  arc  ooni' 
polled  to  separate,  or  are  shaken. 

BELL  Metal,  of  which  hells  are  made,  is  composed  o^ 
three  parts  of  copper  and  one  of  tin.     See  Fousurv. 

The  Diving  Bell.— To  illustrate  the  principle  of  this  ma- 
chine, lake  a  glass  lui:ibler.   plunge   it  into  water   with   tb» 
mouth  downwards ;  you  will  frnd  that  very  little  water  will  ria9 
into  the  tumbler;  which  will  be  evident. 

— '■r.       if  you  lay   a  piece  of  cork   upon  tbe 

aurface  of  the  water,  aaa  put  the  tnnk- 
bler  over  it;  for  you  will  see,  that 
though  the  cork  should  be  carried  far 
below  the  surface  of  tbe  water,  yet 
that  ila  upper  side  ia  not  wetted,  the 
air  which  was  in  tbe  tumbler  having 
prevented  the  entrance  of  the  water 
but  as  air  ia  compressible,  it  conld  not 
entirely  exclude  the  water,  which,  by 
its  pressure,  condensed  Ibe  air  a  little. 
The  Gral  diving-bell  of  any  note  wu 
made  by  Dr.  Hnlley.  It  is  most  com- 
monly made  in  (he  form  of  a  truDoaled 
cone,  the  smallest  end  being  closed, 
and  the  larger  one  open.  Itis  weighted 
with  lead,  and  so  suspended  that  it 
may  sink  full  of  air.  with  its  open  base 
downwards,  and  as  near  as  may  he  parallel  to  the  horizon,  so 
as  to  close  with  the  surface  of  the  water,  Mr.  SmealOD'a 
divini;-hcll  was  a  square  chest  uf  cast  iron,  four  feet  and  a 
half  in  height,  four  feet  and  a  half  in  length,  and  three  feet 
wide,  and  afforded  room  for  two  men  to  work  in  it.  It  waa 
supplied  with  fresb  air  by  a  forcing  pump.  This  was  nsed  wtlb 
great  success  at  Ramsgate.  Other  contrivances  have  been 
used  for  diiing-bells. 

The  first  diving-bell  we. read  of  in  Europe  was  tried  at 
Cadiz,  by  two  Greeks,  in  the  presence  of  Charles  V.  and  lO.OtM 
Spectators.    It  resembled  a.  large  kettle  inverted.    The  first 
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person  wbo  branebt  Uic  ditiDg-brll  into  TOfcnc  with  a»  kbi 
fhippi,  tbe  AmeriMn  )i  lack  ami  [Ii,  io  Ilie  reiKti  of  Charles  II., 
knd  wbo,  fran  tlie  fuTtune  be  acquired  from  a  SpaDixb  ihip, 
■o  «hicb  be  weol  down,  laid  the  honour!  of  the  Mulf[rBV« 
family.  The  rDllowiaic  is  the  moit  useful  purpose  to  which  the 
ditinx-bell  ha*  brcu  applicil. 

Dirtaf-BtUat  Port  Ptlnrk.—Tiic  diviajc-facH,  or  rather  the 
iaproved  inalruweiit  now  in  use  at  Port  Patrick,  \n  m-itlier 
■ore  nor  l«ss  than  a  square  cnil-meta!  rrame,  about  8  feet  h]|;h, 
%t  feet  in  circuinfcrcucc,  and  weiKhinK  upwards  of  four  luns. 
This  frane  is,  of  course,  opco  lielow.  and  al  the  top  are  twelve 
mall  circular  a  indows  made  of  verv  thick  (lass,  such  is  are 
Mfnctines  seen  used  on  board  of  sliips.    These  windows  are 
socMoentedor  puliied  in,  that  not  a  bubble  of  water  cHn  pcne- 
tratr ;  and  when   (be  sea  is  clear,  and  particularly  whca  the 
lan  is  ahioinK.  Iho  workmen  arc  enabled  to  earry  on  their  sub- 
Marine  operations  without  the  aid  of  candles,  whioh  would 
(WsuiDe  nearly  as  much  air  as  an  equal  number  of  human 
hcines.     In  tbe  inside  of  the  bell  arc  scats  for  the  workmen, 
■iib   knobs  to  hapK  tlieir  tools  on ;  and  attacbed    to  it  is  a 
strnni;  double  air-pump,  which  is  a  mifcbty  improtement  on  the 
uld-faabioBed   plan  of  siokinK  barrels  tilled  with  air.     From 
tbis  pump  issues  a  thick  leathern  tubo.  wbicb  is  closely  filli'd 
iaio  the  bell,  and  the  leD|:th  of  which  can  easily  be  proporlionrd 
to  tbe  depth  of  water.     As  may  be  supposed,   the  bell  is  kus- 
pendctl  frocn  a  very  loDft  crane,  the  shaft  of  which  i.i  sank  to 
iW  Ytrf  keel  of  a  tcsicI,  pare  based  and  Dited  up  for  the  porpoHc, 
ud  which  is,  in  fact,  a  necessary  part  of  tbe  diving  appaiulus. 
Ua  tbe  deck  of  this  vessel  is  placed  tbe  air-pump,  worked  by 
Jnr  neh,  with  an  additional  hand  to  watch  the  sif^oals.     When 
ttoat,  therefore,  to  commeDce  operations,  the  sloop  is  moved 
I*  the  (Mitiide  of  the  breakwater,  the  air-pump  pot  in  motion, 
ibcrraneworked,and  then  Rodown  the  aquatic  quarrymen.  From 
Its  wcicbl  and  shape,  the  macbine  must  dip  perpeodicularly  ; 
■  hilc  the  Tolume  of  air  wilhin  ccables  tbe  workmen  to  breathe, 
aod  keeps  out  tbe  water-     On  arritini;  at   the    bottom,    the 
di  Trra  are  cbiefly  annoyed  with  lante  beds  of  sea'Weed.althonich, 
from  the  ineqaalities  of  tbe  channel  at  Port  Patrick,  and  the 
pMrtiallT  nneven  maimer  in  which  the  tcdftes  of  tbe  bell  ocra- 
waanally  rest  on  the  rocks,  it  is  impossible  to  expel  the  water 
AlloKct'her  ;  and  this,  it  is  presumed,  is  tbe  reason  why  it  it 
daacerons  to  descend  in  rouRh  or  squally  weather,  when  the 
hvavinf  and  airitatrddeepwouldtieBpt  to  dash  inat  the  smallest 
«a-aBny.    To  cuard  against  tbe  effects  of  several  hours'  partial 
'  'n  water,  the  men  arc  provided  with  larite  jack- 

_  of  wool,  and  coarse  noollen  jackets.  They  also 
e  prccaotion  of  stufllnK  their  ears  with  cotton,  as  the 
«i«BMitanl  stream  of  air  which  descends  from  above,  occasions, 
»«  Knt,  an  uneasy  sensatinn,  nod  is  even  apt  to  produce  deaf- 
^Wu.  The  chief  submarine  artist  came  from  Holyhead  ;  and 
oaitof  ISO  maaons.  carpenters,  and  liibourers,  only  one  man, 
■s  11  aaid,  volanlcrred  to  assist  liim.  A  respertnbic  and  JnKC- 
^■■Bs  itenlleman.  who  had  been  down  in  the  bell,  slali'il.  Hint 
k«  felt  DO  inconvenience  whatever ;  but  the  air-pump  «■lrk•'r^>, 
^■aBH  whom  were  made  some  minute  inquiries,  shook  ilnir 
fceris  U  this  pieer  of  infomintion,  and  hinted,  that  tin-  viilii'i- 
V«cTHliv«r  bad  often  felt  a  liitic  quecrisb,  and,  for  oiio  thiiiL% 
~~had  Uken  his  victuals  very  badly,"  Here,  then,  we  hiive 
%waet  three  men  working  with  perfect  ense  and  safety  '20,  'J.i, 
«ad  Mtmetimea  .10  feet  below  water.  Id  carrying  out  the  new 
^•er,  ll  if  necessary  to  make  a  bed  for  the  foundation  stones, 
^■bieh  worid  otherwise  be  left  at  tbe  mercy  of  the  waves— and 
Uis,  in  >  word,  is  the  duly  of  the  divers.  With  picks,  hnni- 
^•en,  jumpers,  and  gunpowder,  the  most  ruKfCcd  surface  is 
*»sde  rren.  and  not  only  a  bed  prepared  for  the  buRC  ni.issos 
^  stone  which  are  aftrrwatds  let  down,  but  the  blocks  Ihcm- 
^*l<ei  Btrnn)£ly  bound  tojcetber  with  iron  and  cement.  The 
'Alter*,  like  other  <iuarrymen,  when  tliey  wish  ''  Id  binsi,"  take 
%nad  rare  In  be  put  out  of  harm's  way.  By  means  of  n  tin 
*ibr,  the  powder  is  kept  quite  dry,  and  a  branch  from  the 
*arier  cavity,  hollnw  and  filled  witli  an  nalen  straw,  is  teneth- 
'•ned  to  ib^  very  surface  of  the  water  before  the  fuse  is  lif;litcd. 
la  OOP  or  Iwn  cases  the  powder  has  failed  to  explode,  and  it  it 
^"v  teasioE  for  the  men,  nfler  three  or  four  hours'  hard  work 
^■rlov  water,  (a  be  compelled  to  descend  agun,  for  tbe  sole 
VupoM  of  repcatiiis  Ihc  blulto;  proceai. 


HELLEROPHON,  a  sam*  sometiue*  given  to  the  coiuirt- 
lation  Peitasu*. 

UELLUW.S,  an  instrument  constructed  for  the  purpose  of 
alternately  drawini;  aud  e i pell inir  air.  In  the  cummo'i  culinary 
bellows  the  air  rushes  in  al  a  bole  or  boles  al  tbe  bottom, 
called  feeders,  over  which  i«  a  flappinic  valve,  and  ii  cipelled 
tbroui;h  a  conical  pipe  called  the  noEiIe,  by  means  of  a  kind  of 
mechanism  too  well  known  to  require  description  here. 

Dr.  Gregory  observes,  that  il  it  not  the  impulsive  force  of 
the  blast  that  is  wanted  in  most  cases,  hut  merely  the  copious 
supply  of  air  to  produce  the  rapid  comhusliou  of  inflammahte 
nialtcr;  and  the  terviic  wiiuld,inf:encrnl.  be  better  performed 
if  this  could  be  done  with  moderate  velocities  and  extended 
surface.     What  arc  called  air-furnarcs,  where  a  considerable 

I  sorfacc  of  innammable  mailer  is  acted  on  at  cmce  by  Ibe  cur- 
rent which  tbe  mere  heat  of  the  expended  air  has  produeed, 
are  found  more  operative,  in  proportion  to  the  air  expended, 
than  blast-farnaces  animated  by  bellows.     There  is,  indeed,  a 

I  great  impulsive  force  required  in  siime  cases  :  as.  for  blowinff 

;  off  the  scorin  from  the  surface  of  silver  or  copper  in  refinin:; 

!  furnaces,  or  for  keeping  a  clear  passage  for  the  sir  in  great 
iron  furnaces.  Bul.iageneral,  wecannol  procure  tbi:iabundaiit 
supply  of  air  in  any  other  way  than  by   giving  it  a  great  vclo- 

'  city  by  means  of  a  great  pressure  or  iiiipnisc  ;  tbe  air  is 
admitted  into  a  very  large  cavity,  and  then  forcibly  expelled 

I  from  it  through  a  small  oriliee. 

The  method  of  producing  a  continual  blast  by  a  cenlrifugal 

I  force  has  been  lorR  Known.  Aoachariis,  the  Scvtbian,  i« 
recorded  as  tbe  inventor  of  bellows.  But  the  first  bellows 
acting  upon  this  principle,  of  which  we  have  a  distinct  account, 
is  that  invented  by  M.  Teral,  in  17J9,  end  represented  in  the 
fuUowiog  figure,  where  A  B  it  a  cubical  box,  with  a  top  rather 


boota,  eapa  ( 
«*Mne  the  p 


arched :  to  this  box  is  adapted  a  hollow  pyramidal  frustum  C, 
at  the  extremity  of  which  is  tbe  lube  or  oocsle  l> ;  the  capacity 
■>r  tbe  pyramid  not  being  separated  from  that  of  lb<>  box.  Tb's 
box  eontaint  an  arbor  or  shaft  carrying  vanes,  a*  ti  K.  posited 
horitontally,  and  which  arc  here  placed,  as  it  were,  out  of  Ibe 
box,  that  their  shape  and  number  may  be  seen.  The  ends  of 
Ibe  arbor  run  in  a  proper  collnr  ua  each  side  of  Ibr  1h>x.  and 
otie  end,  as  F,  passes  through  the  side  of  the  box,  and  carries 
a  pulley  :  over  this  pulley  pastes  a  cord  or  band,  which  also 
runs  round  part  of  a  n  heel  H  I,  sitoaled  at  some  distance  from 
the  bellows,  and  wbicb  is  turned  by  tbe  handle  M.  Thus  it 
will  be  manifest,  that  as  this  handle  turns  the  wheel  III.  it 
wilt,  by  means  of  tbe  band,  turn  the  pulley  F  and  the  arbor 
and  vanes,  with  a  velocity  which  will  be  to  Uiat  of  the  wheel  as 
the  radius  of  the  wheel  to  that  of  the  pullet.  Hence  the  greater 
tbe  diameter  of  tbe  wheel,  and  the  less  thai  of  tlie  pullcj ,  the 
more  rapidly  will  the  exterior  aii  (which  euter.'i  by  small  holes 
A  A.  into  the  top  of  the  box.)  be  driven  by  the  vanes,  and  cuiu- 
pretsed  into  the  trnncated  pyramid  c,  and  the ncc  expelled  al 
D,  in  a  continued  blait;  which  will  likewise  be  (be  ninre 
violent  the  greater  the  action  al  Uic  handle  M.  This  macbiii'', 
being  very  simple,  is  easily  constructed,  und  at  a  smaP  expense. 
Another  bellows,  furnishing  a  uniform  blunt,  is  describisl  m 
follows  : — One  cylinder  is  made  to  deliver  its  air  inli)  ai)«ihi.r 
cylinder,  which  hu  a  piiton  ezacUj  fitted  to  il<  bore.  imI 
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loaded  irith  *  ■nffiment  woiftht.  The  blowtoR  cylinder  A  B  C  D, 
(as  represented  in  the  fignre  below.)  has  its  piston  P  vorlied 
by  a  lod  N  P.  oonneoted  by  double  diains  with  the  arched 


bead  of  the  workinf  beam  V  O,  mDiing  roDnd  a  f^dgeon  at  R. 
The  oOier  end  O  at  Ibis  beam  is  connected  bj  the  rod  O  P 
wHIi  Ibe  crank  PQ  of  a  wbeeUmachine ;  or  it  maybe  con- 
nected with  the  piston  of  a  steam-enKine,  bo.  Sic.  The  blow- 
inf  cylinder  has  a  Talve  or  valves  E  in  Its  bottom,  opening 
iawards.  There  proceeds  from  it  a  large  pipe  C  F,  which 
enters  the  regulating  cylinder  G  H  KI,  and  has  a  valve  at  top. 
to  prevent  the  air  from  getting  back  into  the  blowing  cylinder 
A  B  C  D.  It  is  evident,  that  the  air  forced  into  this  cylinder, 
G  H  K  I,  Dinst  raise  its  piston  L,  and  that  it  mast  afterwards 
descend,  while  the  other  piston  is  rising.  It' must  descend 
uniformly,  and  make  a  perfectly  equable  blast. 

We  may  observe,  however,  that  if  the  piston  L  be  at  the 
bottom  when  the  machioe  begins  to  work,  it  will  be  at  the 
bottom  at  the  end  of  every  stroke,  i(  the  tuyere  T  emits  as  much 
air  as  the  cylinder  A  B  C  D  famishes ;  nay,  it  will  lie  a  while 
at  the  bottom,  for,  while  it  was  rising,  air  was  issuing  through 
T,  Bat  as  this  would  make  an  interrupted  blast,  it  is  prevented 
tbas:  The  orifice  T  most  be  lesseocdj  yet  then  there  will  be  a 
surplus  of  air  at  the  end  of  each  stroke,  and  the  piston  L  will 
rise  continually,  and  at  last  get  to  the  top,  and  allow  air  to 
escape.  Dnt  it  is  possible  to  adjust  circutnstaoces,  so  that 
neither  shall  happen.  This  is  done  easier  by  putting  a  stop  in 
the  way  of  the  piston,  and  potting  a  valve  on  the  piston,  or  on 
the  oondncting  pipe  K  S  T,  loaded  with  a  weight  a  little  supe- 
rior to  the  intended  elasticity  of  the  air  in  the  cylinder.  There- 
fore, when  Ibe  piston  is  prevented  by  the  stop  from  rising,  the 
■hifting  ralve,  as  it  is  called,  is  forced  open,  the  snperfluons 
air  esoapes,  and  the  blast  preserves  its  aniformity. 

TIf  Ugdraidie  Forge  Bellows,  of  Mr.  J.  C.  Homblower,  a 
very  ingenious  contrivance,  is  thus  described.  This  invention 
ia  shewn  in  the  following  engraving : — A  the  plaoger,  or  work- 
in;  part  of  the  bellows,  IB  inches  aqoare  within,  which  receives 
the  air  by  a  vaire  in  the  hinder  part  opeaing  inwards,  which 
at  the  atroke  by  the  rockstalT  E  throws  it  down  the  tube  indi- 
cated bv  the  dotted  lines,  which  has  a  valve  opening  into  the 
reiervnlr  D,  whence  It  is  led  to  the  toyere  by  the  pipe  P. 
Length  of  the  plunger  Winches,  stroke  nine  inches.  Diameter 
of  P  three  Inches ;  of  the  nozzle  0-0.  The  whole  is  placed  in  a 
pit  or  cistern,  having  water  suOlcient  to  rise  to  the  lower  cad 
of  the  tnbe  where  the  valve  bangs ;  this  tube  is  the  only  com- 
KnnicatioB  between  the  upper  part  and  the  reservoir  D :  when 
H  much  water  is  ponred  in  round  the  working  part,  over  the 
wasb-boardi,  as  will  rise  within  five  inches  of  the  upper  edge 
4r  tbem,  the  bellows  is  ready  for  use.  The  little  frame-work 
■CTves  to  keep  it  from  rising,  and  affords  a  convenient  support 
for  the  balance  and  the  roekstaJT.  The  area  of  the  pit  or  cis- 
tam  ought  to  be  at  leaat  twice  as  much  as  thatof  the  plunger  A. 

A  Tory  slrlUflg  diBereace  between  tin  effect  of  thia  bellows 
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the  same  shop, 
following.  n 
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considerably  ■ 
lo  the  fire,  and  1 
zle,compared«l 
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the  beat,  and  la 
of  tbis  is  so  g 
almost  to  droa 
of  the  contHM 
The  only  diSert 
other  respeeta  I 
in  the  hydranl 
lows  the  pipe  p 
der  ground  foi 
eight  feet,  and  t 
ducting  pipe 
other  cornea 
about  the  sna 
tsnce   from  tb 

When  belto' 
made  more  tbn 
ly  large,  for  ex 
nmaces,  tbei 
been  frcqaentl; 
ed  by  water-wbeels.  But  iron  furnaces  have,  of  hit 
constructed  of  such  magnitude,  that  no  leather  bellow 
be  made  sufficiently  capacious ;  and  hence  large  forcing 
have  been  substituted  for  them.  We  shall,  under  llw 
Forge,  describe  the  Carron  engine  constructed  b;  Smf 
HydritiUtie  Bellows,  (aa  represented  io  the  anneied 

_ >.!__  for  m^stf Btin^  the  npward  pressure  of  flni 

consists  of  two  thick 
E  F,  CD,  about  Ifl 
inches  diameter,  cov 
connected  firmly  witb 
leather  round  the  ed 
open  and  shut  like  c 
bellows,  but  without 
a  pipe  A  B,  about  thi 
bigb.  is  filed  iototbsl 
at  B.  Now  let  wa 
ponred  into  tbe  pip< 
and  it  will  run  into  i 
lows,  gradually  sep 
the  boards  by  raiai: 
upper  one.  Then,  if 
weights  (3  hundred  i 
for  instance,)  be  laii 
the  upper  board,  lb< 
being  ponred  in  at  tl 
till  it  be  full,  will  sar 
the  weights,  though  the  water  ia  tbe  pipe,  should  not ' 
quarter  of  a  pound.  For  tbe  narrower  the  pipe  the 
beyond  certain  limits,  provided  we  may  make  it  long  i 
tbe  proportion  being  always  tlus: 

As  tbe  area  of  the  orifice  or  section  of  tbe  pipe. 

To  the  area  of  the  bellows'  board,  E  F ; 

So  is  the  weight  of  water  in  the  pipe  A  G, 

To  the  weight  it  will  sustain  on  the  board  C  D. 

For  tbe  fluid  at  B,  the  bottom  of  the  tube,  is  pressed 

force  varying  as  its  altitude  A  B ;  and  this  pressure  is  ( 

nicated  boriEootally  to  all  the  particles  in  the  space  F 

then  distributed  equally  throughout  the  fluid  in   tbe  b 

consequcDtly,  the  pressure  upwards  at  PE  is  equal 

weight  of  a  cylinder  of  tbe  fluid  whose  base  is  F  E,  and  ■ 

A  B ;  while  the  actual  weight  of  water  borne  np  is  only 

the  cylinder,  whose  base  is  F£,  and  beigbt  B  G ;  and  be 

weigbu  laid  npon  C  D  ibat  do  not  exceed  the  weigl 
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in  proportion  to  the  »ng\c  fonned  bj  the  machine  with  the 
plane  of  the  horizon,  and  that  the  angle  of  45°  is  the  maximiiQi, 
or  that  wbea  the  mBchioe  will  exert  its  grealest  force  against 
the  horiBontal  roota  of  tlie  tree, 

BERNOULLI,  the  name  of  several  escellent  mathemati- 
cians of  France  and  Switzerland. 

BERYL,  a  pellucid  gem  of-a  bluish  green  colour,  found  in  the 
Eatt  Indies.  Peru,  and  Silesia.  This  gem  assumes  either  the 
pebble  or  columnar,  or  crystal  form.  To  imitate  berjl,  artists 
add  to  20  lbs.  of  crystal  glass  made  withoaimngnesia,  6 ounces 
of  calcined  brass  or  copper,  and  a  (|uarter  of  an  ounce  of  pre* 
pared  zaffre. 

BIENNIAL  Plants,  are  those  which  endure  two  years  ;  as, 
of  esculents,  the  cabbage,  saioy,  carrots,  parsnips,  beet,  onioD, 
leek  ;  of  flowers,  carnation,  holljhock,  wallllower,  Sic. 

BILBOES,  long  bars  or  bolls  of  iron  with  skackles  slidisjc 
on  them,  and  a  lock  at  the  end,  ased  to  conline  the  feet  of 
prisoners  in  a  manner  similar  to  the  punishment  of  the  stocks. 
!(i]e  offender  is  laid  in  irons,  which  are  more  or  less  ponderous 
according  to  the  nature  of  the  oflencc  of  which  he  is  guilty. 

BILGE,  or  Bjldgg,  that  part  of  a  floor  in  a  ship  which 
approaches  nearer  to  an  horizontal  than  to  a  perpeadicular 
direction,  and  on  which  the  ship  would  rest  if  laid  on  the 
ground  :  hence,  when  a  ship  receives  a  frarture  in  Ihis  place, 
■he  is  said  to  be  bilged,  or  bniged.  Bilge  is  also  the  largest 
circumference  of  a  cask,  or  that  which  extends  roand  by  the 
bung-hole. 

BlLQE-Butrr,  the  rain  or  sea- water  which  occasion  ally  enters 
the  lower  apartments  of  a  ship,  whence  running  down  to  the 
floor,  It  remains  in  the  bilge  of  the  ship,  till  pumped  out,  by 
reason  of  her  flat-bottom,  which  prevents  it  from  going  to  the 
well  of  the  pomp,  and  is  always  (if  the  ship  does  not  leak)  of 
a  dirty  colour,  and  disagreeable  smell. 

BILLION,  in  Numeration,  the  sum  of  a'million  of  millions, 
or  10000-0000' 0000 :  this  term,  as  well  as  those  of  trillion,  qua- 
tillions,  kc.  are  introduced  for  the  more  readily  expressing  in 
words,  or  enumerating,  a  number  consisting  of  many  figures  ; 
but  they  have  beei)  differently  employed  by  different  writers; 
the  French  mathematicians  understanding  billion  to  mean  thou- 
sands of  millions,  and  the  English  millions  of  millions;  thus,  in 
Bezant's  "  Coarse  of  Mathematics,"  and  the  "  EncyclopMIe 
Mithodique,"  the  place  of  billions  is  said  to  be  ihe  tenth  from  the 
right  towards  the  left,  whereas  we  make  it  in  our  arithnielics  tbe 
thirteenth ;  and  it  is  singular,  thai  this  word  is  not  found  in  any 
English  dictionary.  Hr.  Boonycastle,  in  his  arithmetic,  uses 
the  phrase  bi-million  or  billion,  tri-million  or  trillion,  which 
seems  to  be  the  probable  derivation  of  these  terms  ;  and  admit- 
ting this,  tliere  can  be  no  doubt,  from  analogy,  that  bi-million 
or  billion  means  a  million  times  a  million,  the  same  as  biquad- 
ratic means  a  quantity  produced  from  the  multiplication  of  two 
quadratics.  The  French  have,  however,  decidedly  the  advan- 
tage in  point  of  simplicity. 

BIHEDIAL  Line,  in  Geometry,  is  the  sum  of  two  medihls. 
Thus,  when  two  medial  lines,  commensurable  only  in  power, 
and  containing  a  ralional  rectangle,  he  compounded,  the  whole 
■ball  be  irrational  with  respect  to  either  of  the  two;  and  is 
called,  by  Euclid,  a  first  bimedialline.  But  if  two  medial  lines, 
commensurable  only  in  power,  and  containing  a  medial  rect- 
angle, be  compounded,  the  whole  will  be  irrational;  and  is 
called  a  second  bmedial  line.  Euclid,  lib.  x.  prop.  38  and  39. 

BINOCLB,  or  BtNocuLAa  Telescope,  is  a  telescope  to 
which  both  eyes  maybe  applied;  and,  consequently,  the  same 
object  observed  at  the  same  time  vrilh  both.  It  consists  of  two 
tubes,  with  two  sets  of  glasses  of  the  same  power,  and  adjusted 
to  the  same  axis  ;  which  has  been  said  to  ekbibil  objects  larger 
and  more  distinct  than  a  single  or  monocular  glass.  But  this 
is  probably  only  an  illusion,  occasioned  by  the  stronger  impres- 
•ion  which  two  equal  imnges,  alike  illuminated,  make  upon  the 
eyes.  There  are  also  microscopes  of  tbe  same  constiaction, 
but  they  are  very  seldom  used. 

BINOMIAL,  in  Algebra,  is  a  large  quantity  consisting  of 
two  terms  or  names,  and  connected  by  Ihe  sign  -|-  plui,  —  mi- 
Niu.or  ^  tquai;  thus,  a  +  b,  a  —  b,  a^b,  are  allbiuooiiats,- 
the  difference  a  —  b,  bcinf  .also  frequently  called  a  retidual; 
and  by  Euclid,  apotome.  The  terms  binomial  and  residual  are 
■tud  to  have  been  inlrodaeed  into  algebra  by  Recorde,  in  1557 ; 
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and  they  have  since  been  very  commonly  employed  in  varioui 
ways.  Thus  we  say,  Binomial  Curat,  Eq^ulion,  Surd,  Tltm- 
rem,  &e. 

BlNOMML  Thtortnt,  is  a  general  algebraical  expression  or 
formula,  by  which  any  power  or  root  ol'a  quantity  of  two  terms 
is  expanded  into  a  series.  This  is  also  commonly  called  the 
A'ncfonian  tktortm,  or  NtKton't  binomial  Iheorem,  on  account  of 
his  being  commonly  considered  as  Ihe  inventor  of  it,  as  he 
undoubtedly  was.  at  least  in  Ihe  ca.seof  fracliunal  and  negative 
indices  ;  which  includes  all  the  other  particular  cases  of 
powers,  divisions,  &c.  This  celebrated  Iheorem,  as  proposed  in 
Its  simplest  form,  is  this:— Let  a+  b  be  raised  to  the  fourth 


Square.... 

Cube 

■llh  Power . 
5Ib  Power . 


&c. 


Mode  of 

E.pr«..dj( 

(a  +  bf 

(<■  +  bt' 
(» +  by 

C-  +  *) 

&.C. 

»  +  So*  T  f 

>-|-  Viib+  3ab'  +  l^ 

•+  ia'b  +  6a'b'+  iab'  +  b' 

>-|-5a'4-4-  IO(«'*'-4-lOa'6*-|-6-i* 

*+6a'b+  \5a'b''+  20a'b'+  \5a* 
f-f  6ab>+  *". 
&c. 


The  first  term  a  is  raised  lo  the  Glh  power,  and  the  second 
term  b  to  the  same  power.  In  all  tbe  intermediate  terms  the 
powers  ofa  decrease,  and  Ihe  powers  of  i  increase,  by  unity, 
in  each  successive  term.  In  each  case,  the  co-eflicient  of  the 
second  term  is  the  same  with  the  index  of  the  given  power. 
Thus,  in  tbe  square  it  is  2,  in  Ihe  cuhc3.&c.  If  the  co-efficient 
ofainanyierm  be  multiplied  by  its  index,  and  the  product 
divided  by  Ihe  number  of  terms  lo  that  place,  the  quotient  will 
give  the  co-eDicient  of  the  next  term. 

Thus  ate  we  furnished  wiih  a  general  rule  for  raising  die 
binomial  a  -|-  &  lo  any  power,  without  the  process  of  actual 
multiplication.  For  were  we  required  to  raise  a  +  b  to  the 
eighth  power,  the  rule  just  laid  down  shews  us,  that 

The  firil  term  is «• 

The  teeond 9«'  t 

The  third -    ^   ^  o"  M  =  Wt^b' 

The/oBrri i2_^  osj,  _  ^„,i. 

The  fi/lh -^— ^a'i*  =  70o»*« 

The*ii:rA - — ^   o'i>  =  6fl«'M 

Thern-enrA  ~-  o'f  =  28n'i« 

Theripii/i ^^—  ab'   =      8a6' 

The  ninth =  f. 

When  the  uiimber  of  tenns  is  even  in  the  resulting  qnanlity, 
the  co-efficieuis  of  the  two  middle  terms  are  the  same ;  and.  in 
all  cases,  the  co-efficienls  increase  as  far  as  tbe  middle  term, 
and  then  decrease  precisely  in  the  same  manner,  till  we  arrive 
at  the  last  term.  tJuided  by  this  law  of  the  co-cQicients.  we 
need  only  calculate  Ihem  as  far  as  the  middle  term,  and  then 
set  down  Ihe  remaining  ones  in  au  inverltd  order. 
Thus,  in  J  The  jJrw  five  ciiefficicuts  arei  I,  0,  36,  84,  126 
*■"  ;*-.   i  And  the /oji  five S  126.84,36,9,  1. 

This  rule,  exhibited  in  its  most  general  form  of  the  Keirtimian 
Binemiat  Theorem,  is  thus  read  ; 

Suppose  we  were  required  to  raise  the  binomial  »  +  b  to  ati^ 
power  denoted  by  n  i  From  the  principles  already  laid  down. 
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ITh*  firit  term  would  be  «". 
The  second imi*— *6. 

The  iktrd rt 

The  fmurlM jtjt a*-***. 

".//.. --^^fe?'-'— 'i'* 

The  /«#! h\ 

Or.  U  -f  *)•  =  a-  +  fw— »6  + 5 — ^.-.^^  +  -^  -^TJ ^ 

•^+    5niZ ^«'-^+&c +  6- 

By  the  tame  process,  («  —  &)"=:•*  —  imi»-'6  +  — -^ — -  a*-«6» 

^g «"-^&*  +  &c. ;  the  signs  of  the  terms  being 

tHemately  +  and  — . 

BIQUADRATIC  Root,  is  the  foarth  root  of  any  proposed 
fttotity  ;  tbuii  3  is  the  biauadratic,  or  fourth  root,  of  16.  The 
liiqaadratic  root  of  a  number  is  found  by  extracting  the  square 
not  of  it,  and  then  the  square  root  of  that  root ;  which  last 
RMlt  will  be  the  root  sought.  Thus,  the  fourth  root  of  20736 
it  fiMnd  as  follows : 

^/  20736  =  144,  the  square  root, 
C^  144      =:   12,  the  4th  root  sought ; 
lad  so  OB  for  any  other  number. 

Biquadratic  Equutian^  is  an  equation  of  the  fourth  degree, 
win  which  the  unknown  quantity  rises  to  the  fourth  power; 
tku,  X*  +  tfof*  +  6x>  -f  fx  +  dzz  0, 

ii  a  biqaadratic  equation,  in  which  a,6,  r,  and  </,  may  be  any 
Hahers  whatever,  positive  or  negative,  or  any  of  them  equal 
ttieroor  0. 

k  biquadratic  equation  is  the  highest  order  of  equation  that 
•Mts  of  a  general  solution ;  all  beyond  thiii  being  resolvable 
^y  IB  particular  cases.  For  the  solution  of  equations  of  the 
foifth  degree,  different  solutions  have  been  proposed  by  several 
MtlnrB. 

BIQUINTILE  Aspect  of  the  PUnets,  is  vibcn  thev  are  dis- 
tiM  from  each  other  144^  or  twice  the  fifth  part  of  360P. 

BIRCH,  Bmrk  of^  is  used  in  Russia  as  we  use  tiles  to  cover 
^ivtet;  and  among  the  Indians  of  America,  it  covers  the 
■Mer  nbs  of  their  canoes.  Birch  leaves  are  of  use  in  the 
^npsf ,  itch,  &c. 

BIRDS,  in  Heraldry,  represent  a  contemplative  or  active 
lift,  aad  are  emblems  of  expedition,  liberty,  readiness,  and  fear. 
BiiDs.  The  ah  jleton  or  bony  frame  of  birds  is  lighter  than 
An  of  quadrupeds,  and  is  calculatedMor  the  power  of  flight ; 
tbe  ipine  is  immoveable,  the  neck  lengthened  and  flexible ;  the 
Wnst-bone  very  large,  with  a  prominent  keel  down  the  middle, 
*ad  formed  for  the  attachment  of  strong  muscles.  The  bones 
*f  the  winga  are  analogous  to  those  of  the  fore-legs  in  quadru- 
peds, bat  the  termination  is  in  three  joints,  of  which  the  exte- 
fiw  oae  is  very  short.  The  legs  are  analogous  to  the  hind-legs 
■  ^padrvpeds,  and  terminate  in  general  in  four  toes,  three  of 
vbicb  are  commonly  directed  forwards,  and  one  backwards ;  in 
M«e  bmls  there  are  only  two  toes,  in  others,  only  three.  All 
<be  booes  in  birds  are  much  lighter  than  in  quadrupeds. 

Tbe  feathers  with  which  birds  are  covered,  resemble  the  hair 
«f  foadnipeds.  being  composed  of  a  similar  substance  in  a  dif- 
mat  form.  Beneath  the  general  plumage,  the  skin  in  birds 
»  CO? cfod  with  a  much  finer  feathery  substance,  called  dtmm, 
Tbe  throat,  after  passing  down  to  a  certain  distance,  dilates 
^  t  large  bag,  answering  to  the  stomach  in  quadrupeds :  it 
**  (tUed  the  erwf,  and  its  great  use  is  to  soften  and  prepare  the 
^'^  takea  into  it«  for  passing  into  another  receptacle,  called 
^  fiismrd.  This  powerful  stomach  consists  of  two  strong 
cycles,  lined  and  covered  with  a  strong  coat  furrowed  on  the 
Ia  the  binb  oC  prey,  or  meeifiiretf  this  is  wanting,  the 


stomach  being  allied  to  that  of  quadrupeds.  In  this  receptacle, 
the  food  is  ground,  and  reduced  to  a  pulp.  The  longs  of  birds 
differ  from  those  of  quadrupeds  in  not  being  loose  in  the 
breast,  but  fixed  to  tbe  bones;  they  consist  of  a  pair  of  large 
spongy  bodies,  covered  with  a  membrane,  which  is  pierced  in 
several  places,  and  communicates  with  large  air-bags,  dis- 
persed about  the  cavities  of  the  body.  The  eyes  of  birds  are 
more  or  less  convex  in  tbe  different  tribes ;  and  in  general, 
their  sight  is  more  acute  than  that  of  most  other  animals. 
Their  ear,  though  internal,  is  constructed  very  nicely,  on  the 
same  general  plan  as  in  quadrupeds.  Their  organs  of  motion 
are  two  wings  and  two  legs;  and  they  are  destitute  of  ex- 
ternal ears,  lips,  and  many  other  parts  which  are  important  to 
quadrupeds. 

Birds  are  produced  from  eggs,  which  vary  in  number,  sise, 
and  colour,  but  are  always  covered  with  a  hard  shell,  and  for 
the  most  part  deposited  in  an  artificial  nest,  and  hatched  by 
tbe  general  warmth  of  the  parent  sitting  upon  them. 

Linnaeus  has  divided  this  class  into  six  orders: — 1.  Aecipi- 
tres,  hawks,  &c. ;  2.  Picie,  pies.  &c. ;  3.  Passeres,  sparrows, 
&c. ;  4.  Gallinae,  poultry,  &c. ;  6.  Gralle,  herons,  &c. ;  6.  An- 
seres,  geese,  &c. 

Tbe  orders  of  birds  are  these  :~I.  Lmnd  liirds.^l.  Rapaci- 
ous birds  have  the  upper  mandible  hooked,  and  an  angular 
projection  on  each  side  near  the  point,  as  the  eagles,  hawks, 
and  owls.  2.  Pies,  have  their  bills  sharp  at  the  edge,  some- 
what compressed  at  the  sides,  and  convex  at  tbe  top,  as  the 
crows.  3.  Passerine  birds,  have  the  bill  conical  and  pointed, 
and  the  nostrils  oval,  open,  and  naked,  as  the  sparrow  and 
linnet.  4.  Gallinaceous  birds,  have  the  upper  mandible  arched , 
and  covering  tbe  lower  one  at  the  edge,  and  the  nostrils  arched 
over  with  a  cartilaginous  membrane,  as  tbe  common  poultry, 
turkeys,  &c. 

II.  \Vaier  Birds, — 6.  Waders,  have  a  roundish  bill,  a  fleshy 
tongue,  and  the  legs  naked  above  the  knees,  as  the  herons, 
plovers,  and  snipes.  6.  Swimmers,  have  their  bills  broad  at 
the  top,  and  covered  with  a  soft  skin;  and  the  feet  viebbed.  as 
ducks  and  geese. 

Birds,  To  Preserve.  The  preserving  of  beautiful  birds,  with 
which  some  foreign  countries  abound,  so  as  to  retain  tlieir 
natural  form  and  position,  as  well  as  the  beauty  of  their  colours 
and  plumage,  must  be  attended  to  with  great  care,  lest  they 
should  be  destroyed  by  insects,  which  has  often  been  the  rase, 
to  the  great  disappointment  of  the  naturalist.  After  di^isecting 
all  the  fleshy  parts  from  the  bones,  and  removing  the  entrails, 
eyes,  brains,  and  tongue,  the  cavities  and  inside  of  the  skin 
should  be  sprinkled  with  tbe  following  antiseptic  powder. 

Muriate  of  mercury 2  ox. 

Calcined  nitrate  of  potass 2 

sulphate  of  alumine 2 

Sulphur 4 

Camphor [ 2 

Pulverized  black  pepper 8 

tobacco 8 

Mix  the  whole  together,  and  keep  it  in  a  glass  vessel,  stopped 
up  very  close.  In  Guiana,  tbe  number  and  variety  of  beauti- 
ful birds  is  so  great,  that  several  persons  in  the  colony  advan- 
tageously employ  themselves  in  killing  and  preserving  these 
animals  for  the  cabinets  of  the  naturalists  in  the  different 
parts  of  Europe.  The  method  of  doing  this,  as  related  by  Mr. 
Bancroft,  is  to  put  the  bird  which  is  to  be  preserved,  in  a  pro- 
per vessel,  and  cover  him  with  high  wines,  or  the  first  distilla- 
tion of  rum.  In  this  spirit  he  is  suffered  to  remain  for  twenty, 
four  or  forty-eight  hours,  or  longer,  according  to  his  sise,  till  it 
has  penetrated  through  every  part  of  his  body.  When  this  is 
done,  the  bird  is  taken  out,  and  his  feathers,  which  are  noways 
changed  by  this  immersion,  are  placed  smooth  and  regular. 
He  is  then  pat  into  a  machine  made  for  the  purpose,  among  a 
number  of  others ;  and  his  bead,  feet,  wings,  tail,  &c.  arc 
placed  exactly  agreeable  to  life.  In  this  posture  they  are  all 
placed  in  an  oven  moderately  heated,  where  they  are  slowly 
dried,  and  will  ever  after  retain  their  natural  position,  without 
danger  of  putrefaction. 

To  make  Pictures  of  Birds,  hf  Memns  of  their  own  FetUkers. — 
Get  a  thin  board  or  panel  of  deal,  or  wainscot,  well  seasoned. 
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that  it  may  not  if  arp,    Paate  white  papt r  over  it,  and  let  it 
4r7.    Take  aay  bird  you  would  represont,  mn4  draw  its  oatliae 
00  the  paper  in  the  attilnde   yoa  desire,  and   of  the  ftill 
aize,  addiajif  what  landsoape,  back  ((roand,  &c.  you  wi^. 
This  outline,  so  drawn,  is  afterwards  to  be  filled  np  with 
the  feathers  from  the  bird,  plaeiag  each  feather  in  that  part 
of  the  drawing  correspondiniC  to    the   part  of  the  bird  it 
was  taken  froBA,    Cover  now  the  representation  with  several 
coats  of  strong  gam  water,  letting  it  dry  between  each  coat  till 
it  is  of  the  thickness  of  a  shilling.    When  your  groand  is  thus 
prepared,  take  the  feathers  off  from  the  bird,  beginning  at  the 
tail  or  points  of  the  wings,  as  yoa  must  work  towards  the  head. 
These  feathers  are  prepared  by  catting  off  all  the  downy  part ; 
and  the  larger  feathers  have  the  insides  of  their  shafts  pared 
off,  to  make  them  lie  flat.    To  lay  them  on,  use  a  pair  of  small 
pliers  to  hold  them  by ;  and  moistening  the  gammed  ground 
with  water,  place  each  feather  in  its  natural  and  proper  sitaa- 
tion.    Keep  each  feather  down,  by  putting  a  smaU  leaden 
weight  upon  it,  till  you  have  another  prepared  to  lay  on.    Be 
careful  not  to  let  the  gum  come  throagh  the  feathers,  as  it 
vmears  them,  and,  aticlung  to  the  bottoms  of  the  weights,  will 
be  apt  to  poll  the  feathers  off.    When  you  have  pat  on  all  the 
feathers,  oat  a  piece  of  round  paper,  and  colour  it  like  the  eye, 
which  yoa  may  stick  in  its  place ;  bat  the  best  way  is  to  get 
eyes  made  of  glass^    The  bill,  legs,  and  feet,  must  be  drawn 
and  coloured  from  najture.    When  it  is  finished  and  adfosted  to 
your  mind,  lay  a  sheet  of  paper  open  it,  and  upon  that  a  heavj 
weight  to  pres^it;  which  must  remain  till  the  whole  is  quite  dry. 

BISECTION,  the  division  of  a  quantity  into  two  equal  parts. 

QISSfiXTILE,  or  Ii£Ar  Year,  in  Chronology,  »  year  con- 
eistiog  ol  966  days,  happening  once  every  four  years,  by 
reason  of  the  addition  of  a  ds^  in.  the  month  of  February,  to 
recover  the  six  hours  which  the  sun  spends  in  bis  coarse  ead^ 
3rear,  beyond  the  365  days  ordinarily  allowed  for  it  The  day 
thas  added  is  also  called  bissextile ;  Julius  C«sar  having  ap- 
pointed it  to  be  introduced*  by  reckoning  the  twenty^foorth  of 
February  twice ;  and  as  this  day,  in  the  old  account,  was  the 
same  as  the  sixth  of  the  calends  of  March,  which  had  been 
long  celebrated  among  the  Romans  on  account  of  the  expulsion 
of  Tarqain,  it  was  called  '*  bis  sextut  calendar  Martii ;"  Le,  twiee 
the  6th  of  the  calends  of  March ;  and  from  hence  we  have 
derived  the  name  bissextile^ 

By  the  statute  de  amno  6t«#er^^  21  Henry  III.  to  prevent 
mbunderstandings,  the  intercalary  day,  and  tbat  next  before 
it,  are  to  be  accounted  as  ooe  day. 

The  astronomers  concerned  in  reforming  the  calendar,  by 
order  of  Pope  Gregory  XIll.  in  1682,  observing  that  the  bis- 
sextile in  four  years,  added  forty-four  minutes  more  than  the 
sun  spent  in  returning  to  the  same  point  of  the  zodiac,  and 
computing  that  these  supernumerary  minutes,  in  133  years, 
would  form  a  day ;  to  prevent  any  changes  being  thus  in- 
sensibly introduced  into  the  seasons,  directed,  £at  in  the 
course  of  400  years,  there  should  be  three  bissextiles  re  • 
trenched  ;  so  that  every  centesimal  year,  which,  according  to 
the  Julian  account,  is  bissextile  or  leap  year,  is  a  common 
jfiBX  in  the  Grregorian  account,  unless  the  number  of  centuries 
can  be  divided  by  four  without  a  remainder.  Thus '1000  and 
2000  are  bissextile;  1700,  1800,  and  1900,.  are  common.  Bui 
with  the  exceptions  of  the  above  even  centuries,  any  year 
which  exactly  divides  by  four  is  leap  year;  and  when  there  is 
aoy  remainder,  it  indicates  the  number  of  years  since  leap 
year. 

The  Gregorian  computation  was  received  in.  most  foreign 
countries,  ever  since  the  reforming  of  the  calendar ;.  and  by  act 
of  parliament,  passed  anno  1754,  it  commenced  in  all  the 
dominions  under  the  crown  of  Gi^at  Britain  in  the  year  fol- 
lowing, ordering,  that  the  natural  day  following  the  second  of 
September,  should  be  accounted  the  fourteenth ;  omitting  the 
intermediate  eleven  days  of  the  common  calendar. 

BITTS,  a  frame  composed  of  two  strong  pieces  of  timber, 
fixed  perpendicularly  in  the  fore  part  of  a  ship,  whereon  to 
fasten  the  cables  as  she  rides  at  anchor ;  in  ships  of  war,  there 
are  usually  two  pair  of  cable  bitts,  and  when  they  are  both  used 
at  once,  the  cable  is  said  to  be  double  bitted.  There  are 
several  other  smaller  bitU ;  as»  the  topsail  sheet  bitts,  paul 
bitts,  carrick  bitts,  Uc. 


BLACK,  an  epithet  applied  to  any  thing  opaqae  and  porous, 
which  imbibes  the  greater  part  of  the  light  that  falls  on  it, 
reflects  little  or  none,  and  therefore  exhibiu  no  colour. 

Bodies  of  a  black  colour  are  found  more  inflammable,  be- 
cause the  rays  of  light  falling  on  them  are  not  reflected  out- 
wards, but  enter  the  body,  and  are  often  reflected  and  refracted 
within  it,  till  they  are  stifled  and  lost ;  and  all  other  circum- 
stances being  alike,  they  are  also  found  lighter  than  white 
bodies,  being  more  porous. 

A  Prussian  chemist,  (a  Mr.  Salverte,)  in  making  experiments 
to  improve  printers'  ink,  has  discovered  a  process  of  producing 
from  hempseed  oil,  a  new  species  of  black  pigment,  which,  for 
brilliancy  and  intensity  of  colour,  far  exceeds  any  black  known 
heretofore,  and  promises  to  render  Prussian  black  as  distin- 
.guished  a  colour  as  Prussian  blue  is  at  present.  The  inventor 
has,  we  understand,  not  only  applied  it  to  improve  printers' 
ink,  but  also  to  other  useful  purposes,  particular^  as  a  svperior 
and  safe  blacking  for  tanned  leather. 

The  inOammabilitv  of  black  bodies,  and  their  disposltioa  to 
acquire  heat  beyond  those  of  odier  colours,  are  easily  evinced. 
Some  appeal  to  the  experiment  of  a  white  and  black  glove, 
worn  in    the  same  sun;    the  consequence  will  be,   a  ireiy 
sensibly  greater  degree  of  heat  in  the  one  hand  than  in  the 
other.    The  same  thing  appears  from  the  phenomena  of  basil- 
ing glasses,  by  which  black  bodies  are  always  found  to  kindle 
soonest ;  thus  a  burning  glass,  too  weak  to  have  any  visible 
effect  upon  white  paper,  will  readily  kindle  the  same  pai|Pef 
when  rubbed  over  with  ink.    Take  a  large  trl^,  ami  having 
whited  over  one  half  of  its  superflctes,  and  bfaeked  tfte  crther, 
expose  it  to  the  son ;  where  having  let  it  Ke  a  convenient  tine, 
you  will  find,  that  whilst  the  whited  part  remains  still  ceel,  the 
black  part  has  grown  very  hot.    For  farther  satisfoction,  leave 
on  the  surface  of  the  tile  a  part  retaining  it9  native  red,  and 
exposing  all  to  the  sun,  you  will  find  the  latter  te  have  cev— 
tracted  a  superior  heat  in  comparison  of  the  white  pacrt,  bat 
infericMT  to  that  of  the  black.    So  also  on  exposing  two  pieees 
of  silk,  one  white  and  the  other  bkack,  in  the  same  window  t» 
the  sun,  the  latter  will  be  consideraMy  heated,  when  tbe  fermer 
has  remained  cool.    Rooms  huntr  with  biaek  are  not  obI^' 
darker,  but  warmer  than  others.    Cover  the  bulb  of  a  tkerflUK' 
meter  with  a  black  coating  of  Indian  Ink,  and  the  mercary  wiH 
rise  several  degrees. 

BLAGRAYE,  Jo»n,  an-  eminent  matfaematieiaB,  wlo  fHoPO- 
rished  about  the  beginning  of  the  seventeenth  century. 

BLEACHING,  an  art  which  has  been  cultivated  from  tAo^ 
immemorial,  is  divided  into  two  branches ;  the  bleacliiag*  of 
vegetable,  and  of  animal  substances.  These  being  of  difierenf 
natures,  require  different  processes  for  whitening  them.  Tege- 
tabies  consist  of  oxygen^  hydrogen,  and  carbon,  of  whieft  lie 
latter  is  iw  the  gveatest  proportion ;  animal  substances,  beside 
these,  contain  a  large  quantity  of  azote,  with  phospboras  ma§ 
sulphur.     Hence« 

To  BiiMch  Flax  and  Hemp^  which,  if  ezamified,  wH]  b«  fbondf 
to  consist  of  a  thin  bark,  enveloping  a  greeir  *^p,  tfien  the  fibres 
or  filaments  that  are  used  in  the  making  ot  linen,  and  witMv 
that  the  woody  part.  The  fibroos  part  only  is  used  is  flw 
making  of  cloth,  and  is  separated  Arom  the  other  substance^ 
by  being  first  steeped  in  soft  water,  until  the  putrefhctive  fer- 
mentation takes  place,  with  the  succulent  part,  and  i»  ftktmt 
out  of  the  water  as  soon  as  the  wood  breaks  easily  between  tHa 
hands,  while  it  is  yet  green,  and  before  the  whole  of  its  smp  \» 
separated.  Well  water,  brackish  water,  and  that  which*  fliowv 
over  gypseous  soil,  must  be  avoided,  else  the  putrefaction  wiV 
be  accelerated,  and  the  texture  of  the  fibres  injured.  It  is  Aa» 
that  a  small  quantity  of  salt  accelerates  animal  putrefaction, 
while  a  great  deal  tends  to  prevent  it ;  and  the  portion  of  saline 
substances  held  in  solution  in  the  water,  hastens  the  corroptioir 
of  the  filaments,  which  it  blackens  and  spoils.  This  operation 
of  watering  the  flax,  is  tedious  and  noxious ;  It  destroys  the 
fish  in  any  stream  that  may  be  used,  and  the  smell  of  the  putre* 
fying  plants  is  offensive.  Modern  chemistry  shortens  tin* 
process,  and  performs  it  with  less  risk  of  injunng  the  flax,  by* 
the  following  process :  If  the  stream  of  a  solution  of  caustie 
alkali  in  water  be  introduced  into  a  chamber  about  thirty  feet 
square,  in  which  the  flax  is  suspended,  it  will  produce  tiie 
same  effect  as  watering,  in  less  time,  with  less  expenses,  vat 
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iDtrodaciof^  a  funnel,  which  descends  to  the  bottom  of  the  tob, 
in  order  to  prevent  the  dispersion  of  the  ghs.  The  cloth  is 
wound,  or  the  frame-work  on  which  the  skeins  are  suspended 
is  turned  several  times,  until,  by  takings  out  a  small  quantity  of 
the  liquor  from  time  to  time,  and  trying  it  by  the  test  of  the 
solution  of  indigo,  it  is  judged  that  it  is  sufficiently  exhausted. 
The  weakened  liquor  is  then  drawn  off,  and  may  be  again 
employed  for  another  saturation.  Experience  proves  that  the 
use  of  the  oxygenated  muriatic  acid  alone  weakened  the  cloth, 
and  various  methods  of  preventing  its  noxious  effects  upon  the 
health  of  the  workmen  were  tried,  till  it  was  discovered  that 
an  addition  of  alkali  to  the  liquor  destroyed  its  suffocating 
effects,  without  injuring  its  bleaching  powers.  The  process 
began  then  to  be  carried  on  in  open  vessels,  and  has  since 
been  continued  in  this  manner.  The  bleacher  is  now  able  to 
work  his  pieces  in  the  liquor,  and  to  expose  every  part  of 
them  to  its  action,  without  risk  or  inconvenienee. 

Potash  was  at  first  used  for  this  purpose;  and  although  this 
advantage  was  unquestionably  great,  it  was  diminished  by  the 
heavy  expense  of  the  alkali,  which  was  entirely  lost.  It  was 
afterwards  discovered  that  the  oxymuriatic  acid  might  be  com-> 
bined  with  the  alkaline  earths,  as  lime  and  barytes^  and  also 
with  magnesia,  by  this  means  forming  oxymuriates,  which  were 
soluble  in  water,  and  had  the  property  of  bleaching.  The 
oxymnriate  of  lime  is  at  present  used  in  almost  all  the  bleach- 
ing grounds.  If  the  oxygenated  acid  be  passed  through  lime 
water,  it  combines  with  the  Kme,  and  forms  oxymnriate  of 
lime ;  but  as  the  water  can  only  retain  a  small  portion  of  lime, 
to  cause  a  larger  quantity  of  lime  to  combine  with  the  oxymu- 
riatic acid  gas,  the  lime  must  be  mechanically  suspended  in 
the  water,  into  which  the  gas  is  made  to  pass,  and  agitated,  so 
as  to  present  fresh  matter  to  this  gas.  By  this  means  the 
oxymnriate  of  lime  is  dissolved  in  water,  and  used  as  a 
bleaching  liquor  preferable  to  the  oxygenated  muriatic  acid 
and  potash.  At  the  great,  bleach-fields  in  Ireland,  four  leys  of 
potash  are  applied  alternately  with  four  weeks'  exposure  on 
the  grass,  two  immersions  in  the  oxygenated  muriate  of  lime, 
a  ley  of  potash  between  the  two,  and  the  exposure  of  a  week 
on  Uie  grass,  between  each  ley  and  the  immersions.  During 
summer,  two  leys,  and  fifteen  days'  exposure,  prepare  cloth 
for  the  action  of  the  oxygenated  muriate ;  then  three  alter- 
nate leys,  with  immersions  in  the  liquor,  complete  the  bleach- 
ing, and  nothing  then  will  be  necessary,  but  to  wind  the  cloth 
through  the  sulphuric  acid.  The  oxygenated  muriatic  acid 
gas  may  also  be  combined  with  lime  in  a  dry  state,  or  the  water 
may  be  evaporated  when  it  is  employed  for  the  formation  of 
oxymuriates,  which  may  then  be  very  conveniently  transported 
to  any  distance  without  injury  to  its  detersive  power. 

The  sulphuret  of  lime,  or  the  combination  of  sulphur  and 
lime,  which  are  both  cheap  articles,  answer  the  purposes  of 
potash  in  bleaching ;  it  is  useful  in  some  cases,  in  others  it  will 
not  supersede  the  use  of  alkali.  To  prepare  the  sulphuret  of 
lime  for  the  purpose  of  bleaching:  Take  sulphur  of  brim- 
stone, in  fine  powder,  four  pounds;  lime,  well  slaked  and  sifted, 
twenty  pounds ;  water,  sixteen  gallons ;  mix  these  well,  and 
boil  them  for  half  an  hour  in  an  iron  vessel,  stirring  them 
briskly.  Soon  after  the  agitation  of  boiling  is  over,  the  solu- 
tion of  the  sulphuret  of  lime  clears,  and  may  be  drawn  off  free 
from  the  insoluble  matter,  which  rests  upon  the  bottom  of  the 
boiler.  The  liquor,  in  this  state,  is  of  the  colour  of  small-beer, 
but  not  so  transparent.  Sixteen  gallons  of  fresh  water  are 
afterwards  poured  ujpon  the  Insoluble  dregs  in  the  boiler,  to 
separate  the  remaining  sulphuret  from  them.  TVben  it  clears, 
it  is  drawn  off,  and  mixed  with  the  first  liquor ;  to  these  again 
thirty-three  gallons  more  of  water  maybe  added,  which  will 
reduce  the  liquor  to  a  proper  standard  for  steeping  the  cloth. 
Thus  you  have  sixty  gallons  of  liquor  from  four  pounds  of 
brimstone.  When  linen  has  been  freed  from  the  weaver's 
dressing,  in  the  manner  already  described,  it  is  to  be  steeped 
in  the  solution  of  sulphuret  of  lime  (prepared  as  we  have 
described)  for  about  twelve  or  eighteen  hours,  then  it  is  to  be 
taken  out  and  well  washed.  When  dry,  it  is  to  be  steeped  in 
the  oxymnriate  of  lime  for  about  fourteen  hours,  and  then 
washed  and  dried.  To  whiten  the  linen,  this  process  is  to  be 
repeated  during  six  alternate  immersions  in  each  liquor. 

The  rationale  of  these  processes  is  the  following :    The  oxy- 


genated liquor  supplies  to  the  cloth  the  place  of  the  atmo- 
spheric air,  and  this  in  greater  abundance,  and  in  a  state  which 
renders  its  action  on  the  cloth  more  expeditious  and  more 
complete.  By  the  union  of  the  oxygen  with  the  carbon  of  the 
cloth,  carbonic  acid  is  formed,  and  flies  off;  and  the  cloth 
becomes  white. 

To  bleach  by  steam. — As  the  action  of  steam  alone  does  not 
bleach,  the  concurrence  of  oxygen  is  necessary  to  aid  the  con^ 
position  of  the  carbonic  acid ;  for  this  acid  reauires  for  its  for- 
mation, 28  parts  of  carbon,  saturated  with  72  or  oxygen  ;  but  aH 
the  oxygen  in  the  apparatus  would  not  be  sufficient  to  saturate 
the  colouring  matter  burnt  by  the  alkaline  combustion,  and 
converted  into  carbon ;  this  deficiency  is  supplied  by  immer- 
sion in  any  oxygenated  liquor  whatever,  and  the  dispersion  of 
the  elastic  fluid  thus  formed  is  then  facilitated  by  expo- 
sure on  the  grass.  To  bleach  cloth  in  this  manner,  it  must  be 
immersed  in  a  slight  alkaline  caustic  liquor,  and  placed  in  a 
chamber  constructed  over  a  boiler,  into  which  is  put  the  alka- 
line ley  which  is  to  be  raised  into  steam.  After  the  fire  has 
been  lighted,  and  the  cloth  exposed  to  the  action  of  the  steam 
for  a  sufficient  time,  it  is  taken  out,  and  immersed  in  the  oxy- 
genated muriate  of  lime,  and  afterwards  exposed  for  two  or 
three  days  on  the  grass.  This  operation,  which  is  very  expe- 
ditious, will  be  sufficient  for  cotton  ;  but  if  linen  cloth  should 
still  retain  a  yellow  tint,  a  second  alkaline  caustic  vapour  bath, 
and  two  or  three  days  on  the  grass,  will  be  sufficient  to  give 
it  the  necessary  degree  of  whiteness.  For  the  use  of 
private  families,  when  the  linen  is  dirtied  by  perspiration  er 
grease,  laundresses  would  do  well  to  steep  it  for  some  time  in 
clear  water,  made  by  mixing  one  quart  of  quicklime  in  tea 
gallons  of  water,  letting  the  mixture  stand  twenty-four  hours, 
and  then  using  the  clean  water  drawn  from  the  lime.  This 
whitens  beautifully  without  injuring  the  cloth.  The  linen  in 
many  families  is  all  washed  in  this  manner.  It  is  to  be  washed 
as  usual,  but  will  require  much  less  soap  to  be  used. 

To  bleach  Cotton,  requires  not  the  same  preparations  as  hemp 
and  flax.  The  first  operation  is  scouring  it  in  a  slight  alkaline 
solution,  or  by  exposure  to  steam.  It  is  afterwards  put  in  a 
basket,  and  rinsed  in  running  water.  The  immersion  of  cottom 
in  an  alkaline  ley,  how  well  soever  it  may  be  rinsed,  always 
leaves  with  it  an  earthy  deposit.  Cotton  bears  the  action  of 
acids  better  than  hemp  or  flax ;  and  time  is  even  necessary 
before  their  action  can  be  prejudicial  to  it.  Hence,  by  press- 
ing it  down  in  a  very  weak  solution  of  sulphuric  acid,  and 
afterwards  renewing  the  acid  by  washing,  lest,  remaining  too 
long  in  it,  the  cotton  should  be  destroyed ;  all  the  earthy  matter 
is  removed  from  it. 

To  bleach  Wool. — Wool  is  a  kind  of  hair,  with  which  the  bodies 
of  some  animals  are  covered,  and  is  composed  of  filaments  or 
tubes,  filled  with  an  oily  or  medullary  substance.  The  sides  of 
these  tubes  are  perforated  with  a  multitude  of  small  pores,  whieh 
communicate  with  a  longitudinal  tube.  By  chemical  analysis, 
wool  gives  a  great  deal  of  oil,  and  carbonate  of  ammonia; 
caustic  alkaline  leys  dissolve  it  entirely.  It  undergoes  no 
change  in  boiling  water ;  and  scarcely  alters  when  preserved 
in  a  place  well  aired ;  acids  have  very  little  action  on  it ;  and 
when  exposed  to  a  strong  heat,  it  enters  into  fusion.  The 
little  action  which  acids  have  upon  wool,  and  its  unalterable- 
ness  in  water,  even  when  aided  by  heat,  render  it  necessary  to 
have  recourse  to  alkaline  or  saponaceous  leys  ;  but  its  solidity 
in  these  salts  shews,  that  great  prudence  and  caution  must  be 
employed  in  their  use.  In  regard  to  acids,  none  have  been 
hitherto  used  but  sulphureous  acid,  obtained  in  the  gaseous 
state  by  combustion. 

In  the  preliminary  operations  to  which  wool  is  subjected,  a 
little  of  its  grease  is  left,  to  secure  it  from  insects.  Wool  is 
often  freed  from  the  grease  by  farmers,  who  wish  to  sell  it  at  a 
high  price  ;  but  in  the  subsequent  manipulations,  it  is  greased 
before  it  is  combed  and  spun,  and  as  this  fat  matter  attracts 
dust,  it  dirties  and  thickens  the  stuffs.  The  first  kind  of 
bleaching  wool  receives,  frees  it  from  these  impurities.  This 
operation,  called  scouring,  is  generally  performed  by  means  of 
an  ammoniacal  ley,  formed  of  five  measures  of  river  water  and 
one  of  stale  urine ;  the  wool  is  immersed  for  about  twenty 
minutes  in  a  bath  of  this  mixture,  heated  to  fifty-six  degrees  ; 
it  is  then  taken  out,  suffered  to  drain,  and  then  rinsed  in  mn- 
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oini:  water:  this  procrss  softens  the  wool,  and  prires  it  the  fimt 
ilr^ree  of  whiteness ;  it  is  thrice  repeated,  after  which  the  wool 
may  be  employed.  In  some  places,  scourinfi^  is  performed 
«ith  «'ater  sliichtly  imprei;nnte<l  with  soap;  and  indeed,  for 
valuable  articles,  this  is  the  preferable  process,  but  it  is  expen- 
sive for  articles  of  loss  value. 

Follinfc  the  cloth  adds  still  to  the  whiteness;  and.  if  an 
iaereased  degree  he  nec^essary,  it  may  be  procured  by  the 
action  of  the  sulphureous  acid  ;  or  of  the  fumes  of  sulphur  in  a 
state  of  rombustion,  or  the  \upour  of  lliat  acid  cond<rused  and 
coonbined  with  water. 

Solphorinic  is  performed  in  an  arched  chamber,  constructed 
ID  sacb  a  manner,  that  the  articles  exposed  to  the  action  of  the 
»alphur  can  be  suspended.    The  chamber  being  tilled,  a  certain 

Jnantity  of  sulphur  is  placed  in  it  in  a  state  of  combustion,  in 
at  dishes,  the  entrance  is  shut,  and  all  the  interstices  around 
tbe  door  stopped,  to  prevent  the  access  of  the  atmospheric  air. 
The  acid,  generated  by  the  combustion  of  the  sulphur,  pene- 
trates the  stofTs,  attacks  and  destroys  the  colouring  matter, 
■ad  effects  the  bleaching.  The  stuffs  arc  left  in  the  stoves 
from  six  to  twenty-four  hours  afterwards.  They  arc  then 
taken  out,  and  passed  through  a  slight  washing  with  soap,  to 
mnoTe  the  roughness  they  have  acquired  by  the  action  of  the 
aeid.  and  to  give  them  the  necessary  softness.  But  then  this 
process  is  imperfect.  At  first,  the  acid  of  the  sulphur  acts 
oalv  on  the  surfaces,  and  does  not  penetrate.  This  aerial 
inoiersion  is  not  sufficient;  the  gas  cannot  introduce  itself  to  a 
Mfieient  depth  into  the  stuffs,  and  the  superficies  only  is 
ihiteoed. 

A  superior  method  has  been  invented,  which  is,  by  makinic 

vie  of  sulphureous  acid  ;  which  is  generated  by  the  imperfect 

rombustion  of  sulphur,  and  differs  from  the  sulphuric  acid,  (oil 

of  vitriol,)  by  containing  less  of  the  acidifying  principle.     It  is 

tkc  mean  between  sulphur  and  the  sulphuric.     Sulphureous 

Mid  gas  unites  easily  iiith  water,  and  in  this  combination  is 

(iiplo>ed  for  bleaching  wool  or  silk.    The  sulphureous  acid  in 

tkis  liquid  state,  may  be  prepared  by  passing  it  through  water 

iBtB  apparatus  nearly  similar  to  that  used  for  preparing  oxy- 

tfaated  muriatic  acid;    The  cheapest  method  of  obtaining  it, 

b  to  decompose  sulphuric  acid  hj  the  mixture  of  some  coni- 

bastikle  capable  of  taking  from  it  parts  of  its  oxygen.      In 

fxperimental  chemistry,  it  is  obtained  by  means  of  metallic 

Mbitaoces  with  great  purity,  and  particularly  by  mercury  ;  but 

for  bleaching,  and  where  great  economy  is  required,  we  would 

rrrommend  the  most  common  substances,  and  the  following 

procfss.    Take  chopped  straw,  or  saw-dust,  and  introduce  it 

intn  a  mattress ;  pour  over  it  sulphuric  acid,  applying  at  the 

MOM  time  heat,  and   there  will   be  disengaged  sulphureous 

icidgas,  (vapour  of  sulphur,)  which  may  be  combined  with 

*iirr  in  the  apparatus.    The  pieces  are  rolled  upon  reels,  and 

4rivn  through  tlie  sulphureous  acid,  by  turning  them,  until 

tbr  whiteness  is  sufficiently  bright.    They  are  then  taken  out, 

ud  drained  on  a  bench  covered  with  cloth,  lest  they  should  be 

mined  by  the  decomposition  of  the  wood  and  the  sulphureous 

>nd.    They  are   next  washed  in  river  water,   and   Spanish 

•ttte  it  employed,  if  necessary.    This  operation  is  performed 

^passing  the  pieces  through  a  tub  of  clear  water,  in  which 

*m  pounds  of  Spanish  white  have  been  dissolved.     To  obtain 

iiae  whiteness,  the  stuffs  are  twice  sulphured.     This  process 

incompleted  in  one  immersion,  and  a  reeling  of  two  or  three 


To  azure  or  blue  the^  cloth,  yon  throw,  into  the  Spanish  white 
l^ocr,  a  solution  of  one  part  of  Prussian  blue  to  4(K)  parts  of 
*it(r :  shake  the  cloth  in  the  liqnid,  and  reel  it  rapidly.  Then, 
^Vi  slight  washing  with  soap,  to  give  softness  and  pliability 
t«  Uie  siufl^s,  the  operation  is  terminated.  The  final  opt* ration? 
•fdryinr.  stretching,  pressing,  &c.  have  all  been  illustrated  in 
*iui  has  been  said  of  d\eing  and  bleaching  linen;  for  the 
dirfetioDs  vary  so  little  in  both,  that  it  would  be  but  a  repeti- 
tioaio  detail  here  what  the  reader  is  already  acquainted  with. 

To  bleach  Silk. — Silk  is  a  semi-transparent  matter,  spun  by 
t  caterpillar,  and  formed  of  a  substance  contained  in  its  body. 
*Urb  becomes  hard  in  Uie  air.  The  filaments,  prepared  by 
*^  iilk-worm*  are  rolled  up  in  a  ball,  and  in  this  state  it  is 
<^*fred  with  a  yellow  varnish,  that  destroys  its  brilliancy, 
^i  renders  it  tough.    By  chemical  analysis,  silk  gives  carbo- 


nate of  ammonia  and  oil ;  boiling  water  produces  no  effect 
upon  it ;  alcohol  makes  it  experience  no  change,  but  concen- 
trated alkaline  leys  attack  and  dissolve  it.  To  give  splendour 
to  silk,  it  must  be  freed  from  Its  varnish.  This  covering  is 
soluble  in  alkaline  leys.  Silk  is  usuall}  scoured  by  soap,  when 
it  loses  one-fourth  of  its  weight.  The  matter  di.sengaged  has 
a  fetid  smell,  and  if  the  silk  be  not  rinsed  in  plenty  of  water, 
putrid  fermentation  takes  place.  Even  the  least  soap  injures 
the  whiteness  of  the  silk.  This  is  proved  by  the  fact,  that  the 
splendour  of  the  Chinese  silks  is  brighter  than  that  of  the 
European  ;  and  the  Chinese  employ  no  soap  in  their  operations. 
A  slightly  alkaline  ley  will  dissolve  the  varnish  of  the  silk  with- 
out using  soap  ;  and  this  has  also  been  effected  by  the  action 
of  boiling  water  at  a  very  high  temperature. 

The  following  methoci  has  been  used  \ery  successfully  in 
France.  Take  a  very  weak  solution  of  caustic  soda,  and  fill 
with  it  the  boiler  of  the  apparatus  for  bleaching  ^ith  steam. 
Charge  the  frames  with  skeins  of  raw  silk,  place  them  in  the 
apparatus  until  it  is  full ;  then  close  the  dm)r.  and  make  the 
solution  boil.  Having  continued  the  ebullition  for  twelve 
hours,  slacken  the  fire,  and  open  the  door  of  the  apparatus. 
The  heat  of  the  steam,  which  is  always  above  3.i<>  degrees,  will 
have  freed  the  silk  from  the  gum,  and  scoured  it.  Wash  the 
skeins  in  warm  water,  wring  them,  place  tlirm  again  on  the 
frame  in  the  apparatus,  and  make  the  whole  boil  a  second 
time.  Wash  them  now  several  times  in  water,  and  immerse 
them  in  stoapy  water  to  give  them  itoftness.  J)ut  the  whiteness 
which  silk  acquires  by  the.se  operations,  is  carried  to  a  lii^^her 
degree  of  splendour  by  exposing  the  mateiial  to  the  action  of 
sulphureous  acid  gas,  in  a  close  chamber,  or  by  immersinir  it  in 
sulphureous  acid,  as  we  have  explained  fur  whitening  wool. 

To  bleach  Prints,  and  printed  Hooks.—Tlie  new  mode  of 
bleaching  has  been  applied  to  the  whitening  of  books  and  prints 
that  have  been  soiled  by  smoke  and  time,  and  therefore  it  will 
be  proper  that  we  here  explain  this  process.  To  whiten  an 
engraving,  immerse  it  in  oxygenated  muriatic  acid,  letting  the 
article  remain  in  it  a  longer  or  shorter  space  of  time,  according 
to  the  strength  of  the  liquid.  To  whiten  the  paper  of  a  bound 
book,  all  the  leaves  must  be  moistened  by  the  acid,  and  there- 
fore care  must  be  taken  to  open  the  book,  and  making  the 
boards  rest  on  the  edge  of  the  vessel,  so  that  the  paper  alone 
shall  be  dipped  in  the  liqnid  :  the  leaves  must  be  separated 
from  each  other,  to  be  equally  moistened  on  both  iiides.  In 
the  same  proportion  as  the  liquor  assumes  a  yellow  tint,  the 
paper  becomes  white.  In  about  three  hours,  the  book  must 
ne  taken  from  the  acid  liquor,  and  the  lea\es  plunj^ed  into  pure 
water,  with  the  same  care  and  precaution  as  recommended  in 
regard  to  the  acid  liquor,  so  that  the  water  touch  onI\  t!)e  two 
surfaces  of  each  leaf.  The  w  aier  must  !)e  renewed  every  hour, 
to  extract  the  remaining  acid,  and  dissipate  the  unpleasant 
smell.  By  this  process,  there  is,  however,  some  danger  that  the 
pages  may  not  be  all  equally  white,  either  because  the  lea\es 
have  not  been  sufficiently  separated,  or  because  the  liquid  has 
had  more  action  on  the  exterior  margins  than  those  near  the 
binding.  The  best  way  is  to  deMroy  the  binding,  and  each 
leaf  will  thereby  receive  an  equal  and  pertVrt  immersion  ;  this 
second  process  is  thus  described  by  Chaptal. 

•*  They  begin."  says  he,  •*  by  unsewing  the  book,  and  sepa- 
rating it  into  leaves,  which  they  place  in  cases  formed  in  a 
leaden  tub,  with  very  thin  slips  of  wood,  or  glass,  .so  that  the 
leaves,  when  laid  flat,  are  separated  from  each  «itlier  by  inter- 
vals scarcely  sensible.  The  aeid  is  then  poured  in,  making  it 
fall  on  the  sides  of  the  tub.  in  order  that  the  leases  may  not  be 
deranged  by  its  motion.  When  the  workman  judges,  by  the 
whiteness  of  the  paper,  that  it  has  been  sufficiently  acted  upon 
by  the  acid,  it  is  drawn  off  by  a  cock  at  the  bottom  of  the  tub, 
and  its  place  is  supplied  by  clear  fresh  water,  which  weakens 
and  carries  off  the  remains  of  the  acid,  as  well  as  the  strong 
smell.  The  leaves  are  then  to  be  dried,  and  after  being  pressed, 
may  be  again  bound  up. 

**  The  leaves  may  be  placed  also  vertically  in  the  tub :  an< 
this  position  seems  to  possess  some  ad\antage,  as  they  will  be 
less  liable  to  be  torn.  With  this  view  I  constructed  a  wooden 
frame,  which  I  adjusted  to  the  proper  height,  according  to  the 
sise  of  the  leaves  which  I  wished  to  whiten.  This  frame  sup- 
ported very  thin  slips  of  wood,  leaving  only  the  space  of  half  a 
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line  between  them.  I  placed  two  leaves  in  each  of  these 
intervals,  and  kept  them  fixed  in  their  place  by  two  small 
wooden  wedges,  which  I  pushed  in  between  the  slips.  When 
the  paper  was  whitened,  I  lifted  ap  the  frame  with  leaves,  and 
plunged  them  to  remove  the  remains  of  the  acid,  as  well  as  the 
smell ;  this  process  I  prefer  to  the  other. 

**  By  this  operation  books  are  not  only  cleaned,  bnt  the  paper 
acquires  a  defcree  of  whiteness  superior  to  what  it  possessed 
when  first  made.  The  use  of  this  acid  is  attended  also  with 
the  valuable  advantage  of  destroying  ink  spots.  This  liquor 
has  no  action  upon  spots  of  oil  or  animal  grease ;  but  it  has 
been  long  known  that  a  weak  solution  of  potash  will  effectually 
remove  stains  of  that  kind. 

'*  When  I  had  to  repair  prints  so  torn  that  they  exhibited 
only  scraps  pasted  upon  other  paper,  I  was  afraid  of  losing 
these  fragments  in  the  liquid,  because  the  paste  became  dis- 
solved. In  such  cases  I  enclosed  the  prints  in  a  cylindric  glass 
vessel,  which  I  inverted  on  the  water  in  which  I  had  put  the 
mixture  proper  for  extricating  the  oxygenated  muriatic  acid 
gas.  This  vapour,  by  filling  the  whole  inside  of  the  jar,  acted 
upon  the  print;  extracted  the  grease  as  well  as  ink  spots ;  and 
the  fragments  remained  pasted  to  the  paper." 

To  prepare  Oxygenated  Muriatic  Acid  by  an  easy  Method. — 
To  oiLfgemAe  the  muriatic  acid,  dilute  it,  and  mix  it  in  a  very 
strong  glass  with  manganese,  so  that  the  mixture  may  not 
occupy  the  whole  contents  of  the  glass.  Air  bubbles  are  formed 
on  the  surface  of  the  liquor ;  the  empty  space  becomes  filled 
with  a  greenish  vapour ;  and  at  the  end  of  some  hours  the 
acid  may  be  farther  diluted  with  water,  and  then  used.  It  will 
have  an  acid  taste,  because  the  whole  has  not  been  saturated 
with  oxygen ;  but  it  will  possess  the  qualities  of  the  oxygena- 
ted muriatic  acid.  This  process  may  be  adopted  when  there  is 
not  time  to  set  up  an  apparatus  for  distilling,  to  procure  the 
oxygenated  acid. 

To  bleach  Paper. — The  oxygenated  muriatic  acid  has  also 
been  applied  to  bleach  paper,  being  more  expeditious.  If  we 
were  to  bleach  old  printed  papers,  to  be  worked  up  again,  we 
must  boil  them  for  an  instant  in  a  solution  of  soda,  rendered 
caustic  by  potash.  Then  steep  them  in  soap-water,  and  then 
wash  them,  after  which  the  whole  may  be  reduced  to  a  pulp  by 
the  paper-mill. 

To  bleach  old  written  papers  to  be  worked  up  again,  we 
steep  them  in  a  cold  solution  of  sulphuric  acid  in  water,  after 
which  we  wash  them  before  they  are  taken  to  the  mill.  The 
acidulated  water  will  be  the  more  effectual  if  it  be  heated. 

To  bleach  printed  papers  without  destroying  tho  texture  of 
the  leaves,  we  steep  the  leaves  in  a  caustic  solution  of  soda, 
and  afterwards  in  one  of  soap.  Then  we  arrange  the  sheets 
alternately  between  cloths,  just  as  paper-makers  dispose  their 
sheets  of  paper  when  delivered  from  the  form.  The  leaves 
must  then  be  pot  in  a  press,  and  they  will  become  whiter, 
unless  they  have  been  stained  with  printers'  ink  or  size.  If 
one  operation  should  not  completely  effect  the  whitening  of  the 
leaves,  you  must  repeat  the  process  till  it  is  effectual. 

To  bleach  coloured  rags  to  make  white  paper,  we  macerate 
the  rags — then  put  them  into  a  solution  of  caustic  alkali,  and 
next  into  the  oxygenated  muriatic  acid ; — lastly,  they  are  to 
be  steeped  in  diluted  sulphuric  acid. — These  processes  of 
bleaching  have  been  classed  under  one  general  title,  though 
the  manufacture  of  paper  has  not  been  treated  in  conjunction 
with  them. 

To  remove  Ink  Stains. — Apply  to  the  stain  muriatic  acid 
diluted  in  six  times  its  weight  in  water,  and  after  a  minute  or 
two  wash  it  off ;  the  application  should  be  repeated  as  often 
as  may  be  found  necessary.  The  vegetable  acids  equally 
effectual  are  attended  with  less  risk.  A  solution  of  the  oxalic, 
citric,  (acid  of  lemons,)  or  tartareoos  acids,  in  water,  may  be 
applied  to  the  most  delicate  fabrics  without  danger  or  injury; 
and  the  same  solutions  will  discharge  writing,  but  not  printing 
ink.  They  may  be  therefore  employed  in  cleaning  books 
defaced  by  writing  on  the  margin.  Lemon,  and  sorrel  juice, 
will  remove  ink  stains,  though  not  so  easily  as  the  concrete 
acid  of  lemons  or  citric  acid. 

To  remove  Iron  Stains. — Ink  stains,  on  the  application  of 
soap,  are  changed  into  iron  stains.  But  the  real  iron  stains 
are  occasioned  by  the  cloth  coming  in  contact  with  iron,  or  its 


oxyde.  Both  may  be  removed  by  diluted  muriatic  acid,  or  by 
the  acid  of  lemons.  When  suffered  to  remain  long  on  doth, 
they  are  taken  out  with  difficulty,  because  the  iron,  by  repeated 
moistening  with  water,  and  exposure  to  the  air,  acquires  such 
an  addition  of  oxygen,  as  renders  it  insoluble  in  adds ;  yet 
these  spots  may  be  discharged,  by  applying  first  a  solution  of 
an  alkaline  sulphuret,  which  must  be  well  washed  from  the 
cloth,  and  afterwards  a  liquid  acid.  The  sulphuret,  in  this 
case,  extracts  part  of  the  oxygen  from  the  iron,  and  renders  it 
soluble  in  diluted  acids. 

To  remove  the  stains  of  fruit  and  wine,  prepare  a  watery 
solution  of  the  oxygenated    muriatic    acid,    or    oxygenated 
muriate  of  potash  or  lime,  to  which  a  little  sulphuric  add  has 
been  added.    Steep  the  stained  spot  in  one  of  these  solutions 
till  it  is  discharged  ;  the  solution  can  only  be  applied  to  white 
goods,  for  the  uncombined  oxygenated  acid  discharges  printed 
and  dyed  colours.    The  oxygenate  acid  is  easily  applied  by 
persons  who  have  not  the  apparatus  for  saturating  water  with 
the  gas,  thus  : — Put  a  table-spoonful  of  muriatic  acid  (spirit  of 
salt)  into  a  teacup,  and  add  to  it  about  a  tea-spoonful  of  pow- 
dered manganese ;  set  this  cup  in  a  larger  one  filled  with  hot 
water ;  moisten  the  stained  spot  with  water,  expose  it  to  the 
fumes  which  arise  from  the  teacup,  and  if  the  exposure  be 
continued  a  sufficient  length  of  time,  the  stain  will  disappear 
entirely. 

To  remove  spots  of  grease  from  cloth,  take  a  diluted  solution 
of  potash,  which  must  be  cautiously  applied,  to  prevent  injury 
to  the  cloth.  Stains  of  white  wax,  from  wax  candles  dropping 
upon  the  cloths,  are  removed  by  spirits  of  turpentine,  or  sulphu- 
ric ether,  which  will  also  take  out  the  marks  of  white  paint. 

To  take  spots  of  grease  out  of  books,  prints,  or  paper, 
warm  the  stained  paper  gently,  and  take  out  as  much  of  the 
stain  as  possible  by  means  of  blotting  paper ;  then  dip  a  small 
brush  in  essential  oil  of  turpentine,  heated  almost  to  boiling, 
(when  cold,  it  acts  weakly,)  and  draw  it  gently  over  both  sides 
of  the  paper,  which  must  be  carefully  kept  warm.  Repeat 
this  operation  as  often  as  the  spot  imbibed  by  the  paper,  or  its 
thickness,  may  render  necessary.  When  the  greasy  substance 
has  been  removed,  the  paper  may  be  restored  to  its  former 
whiteness  by  the  following  method.  Dip  another  brash  in 
highly  rectified  spirit  of  wine,  and  draw  it  over  the  place  which 
was  stained,  and  particularly  round  the  edges,  to  remove  the 
border  that  would  still  present  a  stain.  By  employing  these 
means  with  caution,  the  spot  will  disappear,  and  the  paper 
will  resume  its  original  whiteness.  Should  the  process  be 
employed  on  a  part  written  with  common  ink,  or  printed  with 
printers'  ink,  it  will  experience  no  alteration  whatever. 

BLOCK  Machinery.  The  machinery  for  manufacturing 
ship's  blocks  in  the  royal  dockyard  at  Portsmouth,  invented  by 
Brunei,  and  adjusted  in  all  its  parts  by  the  elaborate  and 
ingenious  calculations  of  Dr.  Gregory,  of  the  Royal  Military 
Academy,  Woolwich,  who  gives  the  following  account  of  this 
apparatus,  in  vol.  ii.  of  his  Mechanics,  is  greatly  and  de- 
servedly celebrated : 

The  machines  devoted  to  this  purpose  have  been  separated 
into  four  classes.  1.  The  sawing  machine  for  converting  the 
large  timber  into  proper  dimensions  for  the  small  machines  to 
operate  upon.  2.  Those  machines  which  are  employed  in  form- 
ing the  sheaves.  3.  Those  which  form  the  iron  pins  for  the 
blocks.  4.  Those  by  which  the  shells  of  the  blocks  are  maott- 
factured.  They  are  all  worked  by  means  of  two  steam-engines, 
each  of  thirty-horse  power.  Either  of  these  can  be  applied 
indifferently  to  work  the  chain  pumps,  or  for  turning  the  wood- 
mill  ;  and  their  power  is  transmitted  by  a  train  of  wheel-work, 
to  a  horizontal  shaft,  extending  along  the  centre  of  the  middle 
building,  very  near  its  roof.  Upon  this  areanumberofwhedi 
and  drums,  which,  by  endless  ropes  and  straps,  commnnicat* 
motion  to  the  several  subordinate  machines. 

The  order  of  the  processes  is  this.  The  elm  trees  are  first 
cut  into  short  lengths,  proper  to  form  the  various  sices  of 
blocks,  by  two  large  sawing  machines,  one  a  reciprocatinjjf^  the 
other  a  circular  saw.  These  lengths  of  the  trees  are  next  cat 
into  squares,  and  ripped  or  split  up  into  proper  sises  by  foai 
sawing  benches  with  circular  saws,  and  one  very  large  recipro* 
eating  saw,  which  is  employed  for  cutting  up  the  pieces  foi  very 
large  blocks. 
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The  fcaotlinfcs.  thus  prepared  for  the  blocks,  are  perforated 
ia  three  borinf^  machines,  with  a  bole  through  each  to  contain 
the  centre  pin  for  the  sheaTCS  of  the  block,  and  as  many  other 
hole*  in  a  direction  perpendicular  to  the  former,  as  the  number 
of  sheaves  it  is  to  have  ;  these  holes  being:  intended  as  the  com- 
Beacement  of  the  seTcral  mortises  to  contain  the  sheaves. 

The  blocks  are  next  mortised  in  three  mortisinfc  engines, 
which  elongate  the  holes  ahovementioned  to  their  proper 
dimensions.  Here  the  motion  of  the  sliding  frame  for  the 
diisels,  is  communicated  to  it  by  means  of  a  long  working 
htmm  or  lever,  extending  the  whole  length  of  the  frame  at  the 
top  of  it.  At  one  end  it  is  united  by  a  connecting  rod  with  the 
dusel  frame  ;  and  at  the  other  it  is  fixed  to  an  axis,  which  is 
sapported  by  the  framing,  and  which  forms  its  centre  of  motion. 
A  connecting  ro<l  is  joined  to  it  in  the  middle  of  the  beam ;  the 
lower  end  of  which  is  worked  by  a  crank,  formed  in  the  middle 
of  tlM^  main  axis,  which  is  situated  in  a  direction  perpendicular 
to  that  which  we  have  described,  and  is  supported  in  the  fram- 
iti'Z.  It  is  provided  with  a  cone  for  casting  otT  the  mo\ement. 
The  engine  with  the  beam  acts  with  surprising  rapidity,  mak- 
ing upwards  of  400  strokes  per  minute,  at  every  one  of  which 
it  cats  out  a  chip  from  each  mortise  as  thick  as  pasteboard. 
lis  movement  is,  indeed,  so  rapid,  that  the  chisels  cannot  be 
distinctlv  seen  when  it  is  at  work  ;  so  that  the  mortises  seem 
to  lengthen,  and  chips  to  fall  oat,  without  any  evident  cause. 

The  angles  of  the  blocks  are  next  cut  off  by  three  circular 
saws,  as  preparatory  to  reducing  them  to  the  elliptical  figure. 

The  outside  surfaces  of  the  block  are  then  formed  to  their 
ttiie  figure  by  three  shaping-engines,  each  of  which  forms  every 
fart  of  ten  blocks  simultaneously.  The  scores,  or  grooves, 
loand  the  block  are  next  formed,  to  leceive  the  rope  or  strap 
by  which  they  are  suspended;  this  is  effected  by  two  scoring- 
ca^iaes.  Then  the  blocks  arc  trimmed  by  manual  labour,  to 
mootb  and  polish  them. 

In  order  to  make  the  sheaves,  the  first  process  is  cutting 
pieces  or  flakes  off  the  end  of  the  trees  of  lignum  vitae,  of  a 
nitable  thickness  to  form  the  sheaves.  This  is  accomplished 
bt  a  reciprocating  and  two  circular  saws.  These  flakes  are 
aide  circular,  and  the  centres  pierced  in  two  rounding  and 
centering  machines,  or  trepan  saw. 

A  hole  is  next  excavated  in  the  centre  of  each  sheave,  to 
islsT  the  coak  oi  piece  of  bell  metal,  which  is  fitted  into  the 
cttUe  of  each  sheave,  to  form  a  socket  for  the  centre  pin. 
TW  centre  holes  through  the  coaks  are  next  broached  out  to 
I  true  cylindei  in  three  broaching-machines. 

The  list  process  is  turning  the  faces  and  edges  of  the  sheaves 
tsiflat  surface,  in  three  facing  lathes,  which  also  form  the 
Xreoves  round  the  edges  for  them,  for  the  rope  which  encom- 
piues  them  when  in  the  block.  There  are  also  two  machines 
Itw  making  dtad  eyes,  which  are  both  ingenious  and  complete. 
TW  whole  number  of  machines  is  thirty-seven. 

Blocks  are  used  for  various  purposes  in  a  ship,  either  to 
iarrrase  the  mechanical  power  of  the  rope,  or  to  arrange  the 
^s  of  them  in  certain  places  on  the  deck,  and  they  may  be 
Kadilj  found  when  wanted  ;  they  are  consequently  of  various 
Mrs  and  power,  and  obtain  various  names,  according  to  their 
fera  or  situation,  thus : 

\  Single  Block,  contains  only  one  sheave  or  wheel.  A  Double 
BUtK  has  two  sheaves.  A  Long  Tackle  Block,  has  two  sheaves, 
<ae  below  the  other.  A  Snatch  Block,  is  a  single  block  with 
>■  opening  on  one  side,  in  which  the  bite  of  a  rope  may  be  laid 
iait^  of  reeving  the  end  through,  which,  in  some  circum- 
flaarf  s,  woulil  l>e  very  inconvenient.  The  Spring  Block,  an 
■itfBtion  of  Ifopkinson,  of  Philadelphia,  calculated  to  assist  a 
*ttiel  in  sailing,  and  particularly  intended  by  him  to  be  ap- 
#td  to  the  sheets  and  the  dead-eyes;  it  is  composed  of  a 
caaaon  block  or  dead-eye,  attached  to  a  spiral  spring  of  well 
Icapered  steel,  within  the  cavity  of  which  is  a  chain  of  suitable 
■tr^ngth.  called  a  check-chain ;  when  the  spring  is  not  in 
MioB,  this  chain  is  slack ;  but,  when  the  spring  is  extended 

ithe  force  of  the  wind  as  far  as  it  may  be  without  injury,  the 
vl-cbain  begins  to  bear,  and  prevents  its  farther  extension. 
7'«p  Block,  is  a  large  single  block  with  an  iron  strop  and  hf>ok, 
^  vbich  it  is  hung  to  an  e>e-bolt  in  the  rap,  and  is  used  to 
*«iT  ap  or  lower  down  the  topmasts.  Jcar  Blocks,  are  twofold 
or  threefold  blocks,  applied  to  hoist  or  lower  the  main  and  fore 
13. 


yards.  Viol  Block  or  V&gal  Block,  is  a  large  block  fkroagli 
which  the  voval  or  messenger  passes  when  the  anchor  Is 
weighed  by  the  fore  or  jear  capstan.  Clue^gmmet  and  CTm- 
line  Blocks,  are  distinguished  from  others  by  having  shoulders 
upon  their  upper  parts,  through  which  the  strop  is  laid,  and  is 
applied  to  draw  up  the  clues  or  lower  comers  of  the  square 
sails  to  their  respective  yards.  Cmi  Black,  is  a  two  or  three 
fold  block,  with  an  iron  strop  and  large  book  to  it,  and  is 
employed  to  draw  the  anchor  op  to  the  cathead. 

Bvery  block  is  composed  of  three,  and  generally  four,  parts : 
1.  The  shell,  or  ontnide  wooden  part.  !l.  The  sheave,  or 
wheel,  on  which  the  rope  runs.  3.  The  pin,  or  axle,  on  which 
the  sheave  turns.  4.  I'he  strop,  or  part  by  which  the  block  is 
made  fast  to  any  particular  station,  and  is  usually  made  either 
of  rope  or  of  iron.  Iran-str&pped  Blocks,  frequently  have  the 
hook  working  in  a  swivel  in  order  to  turn  it,  that  the  several 
parts  of  the  rope  of  which  the  tackle  is  composed,  may  not  be 
twisted  round  each  other,  which  would  greatly  diminish  the 
mechanical  power. 

Block  and  Block,  is  the  situation  of  a  tackle  when  the  blocks 
are  drawn  close  together,  so  that  the  mechanical  power 
becomes  destroyed  till  the  tackle  is  again  overhauled  by  draw- 
ing the  blocks  asunder. 

BLONDEL,  Francis,  a  celebrated  French  mathematidaa 
and  military  engineer,  was  born  in  Ficardy  in  1017,  and  died 
in  Paris  in  1686.  He  was  author  of  two  distinct  works  on 
architecture,  and  another  on  fortification ;  besides  which,  he 
published  *'  A  Course  of  Mathematics,"  **  The  Art  of  throwing 
Bombs,"  and  several  ingenious  pieces  in  the  Memoires  of  the 
French  Academy  of  Sciences,  particularly  in  the  vear  1606. 

BLOOD,  (Sreulmtion  of  the.  About  the  year  I'fXK)  Mr.  Har- 
vey, an  English  physician,  discovered  the  process  (if  we  may 
so  call  it)  of  the  circulation  of  the  blood  ;  to  form  a  distinct 
notion  of  which,  it  will  be  necessary  to  describe  the  structure 
of  the  arteries,  veins,  and  nerves ;  and  principally  the  cavities 
of  the  heart,  by  means  of  which  the  blond  is  propelled  through 
the  body.    To  these  we  now  proceed  : — 

The  arteries  are  blood-vessels  consisting  of  a  close  texture 
of  strong  clastic  fibres,  woven  in  various  webs,  laid  in  different 
directions,  and  interspersed  with  an  infinity  of  delicate  nen-es, 
veins,  and  minuter  arteries.  They  are  divided  and  subdivided 
into  numberless  branches  and  ramifications,  that  become  smaller 
and  smaller  as  they  recede  from  the  heart,  until  at  last  their 
extremities  are  found  much  more  slender  than  the  hairs  of  our 
heads,  (and  are  therefore  called  capillary  arteries.)  whirh  either 
unite  in  continued  pipes  with  the  beginnings  nf  the  veins,  or 
terminate  in  small  receptacles,  from  which  the  veins  derive 
their  origin.  The  arteries  have  no  valves,  but  only  have  their 
trunks  spring  from  the  heart :  they  throb  and  lieat  perpetually 
whilst  life  remains ;  their  extremities  differing  in  the  thickness 
of  their  coats  and  some  other  particulars,  according  to  the 
nature  of  the  part  which  they  pervade.  All  the  arteries  in  the 
lungs  (except  the  small  ones  that  convey  nourishment  to  them) 
are  derived  from  the  great  pnlmonar}*  artery,  which  issues 
from  the  right  ventricle  of  the  heart.  And  all  the  arteries  in 
the  rest  of  the  body  proceed  from  the  aorta,  (which  obtained 
this  name,  because  the  ancients  thought  it  contained  air  only,) 
whose  trunk  springs  from  the  left  ventricle  of  the  heart. 

The  veins  resemble  the  arteries  in  their  figure  and  distribu* 
tion ;  but  their  cavities  are  larger,  and  their  branches,  perhaps, 
more  numerous.  Their  coats  are  much  weaker  and  more 
slender  than  those  of  the  arteries.  They  are  furnished  with 
several  valves,  contrived  in  such  a  manner  as  to  peimit  the 
blood  to  pass  freely  from  the  smaller  into  the  larger  branches, 
but  to  stop  its  retrogression.  They  neither  throb  nor  beat. 
Their  beginnings  form  continued  pipes  with  the  extremities  of 
the  arteries,  or  arise  from  some  gland  or  receptacle  where  the 
arteries  terminate.  All  the  veins  in  the  lungs,  from  their 
capillary  beginnings  growing  still  larger,  unite  at  last,  and  dis- 
charge rheir  blood  into  the  left  auricle  of  the  heart :  and  all 
those  in  the  rest  of  the  body  empty  themselves  in  like  manner 
into  the  ceiia  emvm,  which  opens  into  the  right  auricle  of  the 
heart. 

The  nerves  deduce  their  origin  from  the  brain,  or  its  appen- 
dages, in  several  pairs,  of  a  cylindric  form,  (like  so  many  skeins 
of  thread  with  their  respective  sheaths,)  which  in  their  progress 
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decicaSe  by  endless  divisiofii  Kai  SDbdiTisioDS,  until  at  list 
thej  spTead  themselves  inlo  a  textare  of  filaments  so  slender, 
ud  so  closel;  inlerwoTen  wilh  eacb  other  over  tke  whole  body, 
that  the  [loint  of  a  needle  can  hardly  be  put  upon  any  pait  of 
it,  without  toaching  the  delicate  branch  of  some  nerre. 

It  has  been  found  bjr  many  trials,  that  when  an  artery  is 
laid  bare,  and  a  ligature  made  upon  it,  if  it  be  opened  wjUi  a 
lancet  between  the  lif|;atnre  «nd  the  heart,  the  blood  will  rusb 
oat  with  itreat  violence  ;  and  a  rapid,  jerkinfc  stream  will  con- 
tinae,  (if  it  be  not  stopped  by  art,)  nntil,  through  loss  of  blood, 
the  animal  faints  or  dies.  Bat  if  the  sanie  artery  be  opened 
between  the  ligature  and  extremities,  a  few  drops  only  will 
ooEe  out  from  Ibe  wounded  coats.  On  the  other  hand,  when  a 
vein  is  laid  bare,  and  a  liKalare  made  upon  it,  if  it  be  opened 
between  the  ligature  and  the  extremities,  tbe  blood  will  gnsh 
oat,  as  we  see  in  common  venesection.  Bat  if  the  same  vein 
be  opened  between  the  binding  and  the  heart,  no  blood  will 
appear.  From  these  experiments  it  is  obvioos  to  the  slightest 
attention,  that  tbe  blood  flows  from  the  heart,  through  the 
arteries,  to  the  extreme  parts  of  tbe  body;  and  returns  again 
dirough  tbe  veins  to  the  heart. 

For  the  regular  performance  and  continuation  of  this  motion 
of  the  blood  through  all  tbe  different  pans  of  the  body,  tbe 
heart,  which  is  tbe  primum  mebilt,  giving  the  first  impulse,  is 
furnished  with  four  distinct  muscular  cavities,  that  it,  with  an 
auricle  and  a  ventricle  on  tbe  right  side,  and  an  auricle  and 
ventricle  on  the  left.  Tbrongb  these  cavities,  curiously  adapted 
to  their  respective  offices,  the  blood  circulates  in  the  following 
order ; — it  is  received  from  the  veins,  first  into  the  rigbt  auri- 
cle, which,  contracting  itself,  pushes  the  blood  into  the  right 
VMitricle,  at  that  instant  dilated.  Tbe  moment  this  ventricle  is 
filled,  it  contracts  itself  with  great  force,  and  impels  the  btood 
into  the  pulmonary  artery,  which,  passing  throngh  the  lungs, 
and  returniog  by  tbe  pulmonary  veins,  is  received  into  the  left 
auricle  of  the  heart,  and  from  thence  ib  is  pushed  into  the  left 
ventricle :  which,  being  thus  filled,  contracts  itself,  and  drives 
the  blood  wilh  great  rapidity  to  all  the  parts  of  the  body, 
and  frora  them  it  returns  again  through  tbe  veins  into  the  right 
auricle  of  tbe  heart,  as  before. 

It  is  very  remarkable,  that  we  have  here  a  doable  circulation : 
one  from  the  right  ventricle,  through  the  lungs,  to  tbe  left  auricle 
of  the  heart,  in  order  to  convert  the  chyle  into  blood,  and  finally 
prepare  it  for  tbe  nourishment  of  the  animal ;  the  other,  from 
the  left  ventricle,  through  the  whole  body,  to  the  right  auricle 
of  tbe  heart,  which  serves  to  apply  that  nourishment  to  every 
part,  besides  various  other  purposes. 

But  to  proceed  :— Of  these  four  mnscalar  cavities,  the  two 
auricles  are  contracted  at  the  same  instant,  while  tbe  two  ven- 
tricles are  dilated  ;  tbe  ventricles,  in  their  turn,  are  contract- 
ing themselves  at  the  same  instant  that  tbe  auricles  are  dilat- 
ing. The  arteries,  in  like  manner,  beat  in  alternate  lime  with 
the  ventricles  of  Ibe  heart. 

The  nerves,  as  well  as  the  veins  and  arteries,  act  their  part 
in  this  rotation  of  tbe  blood ;  for  if  tbe  eighth  pair  of  nerves 
which  proceeds  from  the  brain  to  tbe  heart  be  bound  up,  the 
motion  of  the  heart  immediately  languishes,  and  soon  ceaies 
entirely.  Thus  we  have  a  species  of  perpetual  motion,  which 
none  but  a  Being  of  infinite  wisdom  and  power  eould  produce; 
yet  whose  continuation  requires  the  constant  aid  of  the  same 
hand  that  first  gave  il  existence.  The  brain  transmits  animal 
spints  to  the  heart,  to  give  it  a  vigorous  contraction.  Tbe 
e  lime,  pushes  tbe  blood  into  the  brain,  to 
iv  spirits  :  by  which  means  the  bead  and  the 
lal  mutual  support  to  eacb  other.  But  this 
ioD  of  the  heart  sends  tbe  blood  and  other 
■t  the  whole  body  by  the  arteries,  and  dislri- 
•  ind  vigonr  to  every  part,  (while  perhaps  tbe 
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animal  spirits, from  tbe  extremities  of  the 

into  tbe  blood,)  and  the  whole  refluent  mass  is  conveyed  bi..„i 

Ibrough  tbe  veins  into  the  heart,   which  enables  it,'  without 

intermission,  to  persist  in  rolling  this  tide  of  life. 

But  here  it  most  not  be  supposed,  that  the  arteries  pass  on 
lo  the  extremities  of  the  limbs,  before  they  communicate  with 
the  retarniog  veins  ;  for  upon  this  supposition,  after  an  ampu- 
tation has  been  performed,  whatever  blood  might  be  brought  to 
■0  itanp  by  the  arteries,  it  is  certain,  none  of  it  could  be 


carried  back  again  to  the  heart;  because  the  IntercontWe 
between  the  heart  and  tbe  limbs  would,  in  this  case,  be  entirely 
cnt  off.  But  the  all'wise  Author  of  onr  being  has  provided  for 
this  exigency,  by  forming  a  great  number  of  less  branches  from 
the  larger  arteries,  which  constantly  communicate  with  corre- 
sponding branches  of  tbe  returning  veins.  And  hence,  it  is 
easy  to  conceive  how  tbe  circulation  is  carried  on  after  ampu- 
tation has  been  performed. 

BLOWPIPE,Alcohol.—1.  Copper  ball,  containing  alcohol. 
2,  Tube  to  convey  alcohol  to,  3.  A  lamp,  which  keeps  it  boil- 
ing. 4.  Jet  of  alcohol  infiamed  by  the  lamp.  6.  Gla«s  tube, 
bent  by  Ibe  fiaroe. 


Tills  is  really  an  useful  instrument.  The  alcohol  in  (he  cop- 
per hall  is  boiled  fay  the  flame  of  the  lamp  ptaeed  underneath; 
this  causes  expansion,  and  the  escape  of  the  gas  in  a  jet 
passing  through  tbe  flame ;  and  from  its  highly  inflammable 
nature,  a  stream  of  intense  heat  is  thus  made  to  play  upon 
any  substance  you  wish  to  bring  into  fusion.  There  are  many 
different  kinds  of  blowpipes ;  but  none  more  powerful  than  the 
Oxy-hydrogcn  blowpipe  of  Mr.  Gurncy. 

A  flux  for  tbe  blowpipe,  that  will  cause  the  particle  of 
mineral,  under  examination,  to  run  into  a  metallic  globole 
npon  the  charcoal,  as  soon  as  any  other  now  in  use,  may  be 
thus  made  : — Take  of  hornx  1  ounce,  nitre  3  drachms,  pounded 
flint  glass  3  drachms,  and  calcined  horse's  hoof  half  an  ounce ; 
these  are  all  to  be  fused  together  in  a  crucible,  taking  care  to 
add  the  horse's  hoof  last,  and  stirring  it  well  in  with  an  iron 
spatula ;  when  it  is  quite  fluid,  pour  it  into  cold  water,  which 
will  render  it  brittle,  and  thereby  it  may  be  easily  pulvericed. 
It  is  to  be  kept  in  welt-closed  phials,  free  from  moisture,  and 
the  expense  will  be  very  trilling,  compared  with  its  great 


Hydrogen  gas  mixed  with  c 
eompoand  of  piodigious  fdrce. 
der,  in  tbe  exict  proportion 
condensed,  and  allowed  to  issi 
flamed,  and  used  in  tbe  opera 


ivgcn,  furnishes  an  explosive 
These  gases,  mixed  in  a  blad- 
}  form  water,  and  afterwards 
e  by  a  jet,  which  may  be  in- 
I  of  the  blowpipe,  nnder  tha 


title  of  Osy-hydrogen  Gas  Blowpipe,  of  which  the  following 
fignre  represents  Mr.  Gurney's  instrumenL 
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which  last  is  termed  a  jolly  boat.  Yawls  resemble  pioDaces, 
bot  are  generally  rowed  with  si  x  oars.  A  wherry  is  a  sharp  light 
boat,  used  in  rivers  or  harbours.  The  wherries  allowed  to  ply 
about  Loudon,  are  either  scullers  wrought  by  a  single  person 
with  two  oars,  or  oars  wrought  by  two  persons,  with  each  an 
oar.  A  Moses  is  a  flat-bottomed  boat  used  in  the  West  Indies, 
for  bringing  off  hogsheads  of  sugar,  and  is  termed  single  or 
double,  according  to  its  size.  A  punt  is  a  sort  of  oblong  flat- 
bottomed  boat,  nearly  resembling  a  floating  stage.  A  felucca 
is  a  large  and  strong  passage-boat,  used  in  the  Mediterranean, 
having  from  ten  to  sixteen  banks  of  oars. 

BOAT-HOOK,  an  iron  hook  with  a  sharp  point  on  the  hin- 
der part  thereof;  it  is  fixed  upon  a  long  pole,  by  the  help  of 
which  a  boat  is  either  pulled  to,  or  pushed  off  from,  any  place. 

BOB  of  a  Pendulum,  or  Ball  of  a  Pendulum^  is  the  metallic 
weight  which  is  attached  to  the  lower  extremity  of  a  pendulum 
rod,  by  means  of  a  tapped  adjusting  nut,  at  such  a  distance 
from  the  point  of  suspension  as  the  time  of  a  given  vibration 
requires.    See  Pendulum. 

BODY,  or  Solid,  in  Geometry,  is  that  which  has  three 
dimensions,  viz,  length,  breadth,  and  thickness. 

Body,  in  Physics  of  Natural  Philosophy,  is  a  solid,  ex- 
tended, palpable  substance;  of  itself  merely  passive,  and 
indifferent  either  to  motion  or  rest ;  but  capable  of  any  sort  of 
motion,  and  all  figures  and  forms.  Body  is  composed,  accord- 
ing to  the  Peripatetics,  of  matter,  form,  and  privation;  accord- 
ing to  the  Epicureans  and  Gorpuscolarians,  of  an  assemblage 
of  hooked  heavy  atoms ;  according  to  the  Cartesians,  of  a  cer- 
tain quantity  of  extension ;  and  according  to  the  Newtonians, 
of  a  system  of  association  of  solid,  massy,  hard,  impenetrable, 
moveable  parHc/0#,  ranged  or  disposed  in  different  manners, 
wience  result  bodies  of  different  forms,  which  receive  particu- 
lar denominations,  according  to  the  circumstances  under  which 
they  appear.  These  elementary  or  component  particles  of 
bodies  must  be  infinitely  hard,  so  as  ever  to  remain  unbroken 
and  unchanged  ;  which,  as  Newton  observes,  is  necessary,  in 
order  to  the  world's  remaining  in  the  same  state,  and  bodies 
continuing  of  the  same  nature  and  texture  in  several  ages. 

Bodies  are  either  hard,  soft,  or  elastic,  A  hard  Body  is  that 
whose  parts  do  not  yield  to  any  stroke  or  percussion,  but 
retains  its  figure  unaltered.  A  soft  Body  is  that  whose  parts 
yield  to  any  stroke  or  impression,  without  restoring  themselves 
again.  An  elastic  Body  is  that  whose  parts  yield  to  any  stroke, 
but  immediately  restore  themselves  again,  and  the  body  retains 
the  same  figure  as  at  first.  We  know  not,  however,  of  any 
bodies  that  are  perfectly  hard,  soft,  or  elastic ;  but  all  possess 
these  properties  in  a  greater  or  less  degree. 

Bodies  are  also  either  solid  or  fluid.  A  solid  Body  is  that  in 
which  the  attractive  power  of  the  particles  of  which  it  is  com- 
posed exceed  their  repulsive  power,  and,  consequently,  they 
are  not  readily  moved  one  among  another,  and  therefore  the 
body  will  retain  any  figure  that  is  given  to  it.  A  fluid  Body  is 
that  in  which  the  attractive  and  repulsive  powers  of  the  parti- 
cles are  in  exact  equilibrio,  and  therefore  yields  to  the  slightest 
impression.    See  Solid  and  Fluid. 

l{«^u/ar  Bodies,  or  Platonic  Bodies,  are  those  which  have 
all  their  sides,  angles,  and  planes,  similar  and  eoual,  of  which 
there  are  only  the  five  following,  viz, 

1.  Tetraedron,containedunder  4  equilateral  triangles. 

2.  Hexacdron, 6  squares. 

3.  Octaedron, ; .     8  triangles. 

4.  Dodecaedron, 12  pentagons. 

5.  Icosaedron 20  triangles. 

For  the  method  of  forming  the  &\e  regular  bodies,  as  also  for 
finding  out  the  surfaces  and  solidities,  see  the  respective 
articles. 

BOILING.    See  Ebullition. 

BOMB,  a  large  shell  of  oast  iron,  having  a  g^eat  vent  to 
receive  the  fusee,  which  is  made  of  wood.  Bombs  are  of 
different  magnitudes,  and  are  filled  with  gunpowder  and  other 
combustibles.  When  shot  from  the  mortar,  the  fusee  in  them 
takes  fire,  and  its  length  is  so  adjusted,  that  by  the  time  the 
■hell  has  finished  its  ^flight,  the  fusee  has  burnt  up,  and  ex- 
plodes the  gunpowder  within  so  as  to  burst  the  shell  to  pieces 
jost  as  it  is  falling  to  the  ground ;  this,  of  course,  increases  its 


execution,  and  causes  greater  devastation.    A  grenade  re- 
sembles a  bomb,  but  is  less,  and  may  be  cast  widi  the  hand 
The  usual  weight  of  a  grenade  is  three  pounds ;  and  filled  with 
a  strong  powder  lighted  by  a  fusee. 

BOOKBINDING.    The  leaves  being  accurately  folded,  are 
beaten  with  a  hammer  on  a  stone,  to  make  them  smooth,  and 
lie  close ;  they  are  then  put  into  a  press,  and  sewed  on  boards, 
after  which  the  backs  are  glued,  and  the  bands  opened  and 
scraped  to  fix  the  pasteboard  covers;  the  back  is  rounded 
with  a  hammer,  and  the  book  is  fixed  in  a  press,  between  two 
boards.     Holes  are  then  made  for  fixing  the  pasteboards  to  the 
volume,  which  is  pressed  a  third  time.    It  is  then  put  to  the  cut- 
ting-press, between  two  boards,  one  1>  ing  even  with  the  press  for 
the  knife  to  run  upon,  the  other  above  for  the  knife  to  run 
against;  after  this  operation,  the  pasteboards  are  squared ;  the 
leaves  sprinkled,  by  dipping  a  brush  in  vermilion  and  sap  green^ 
holding  it  in  one  hand,  and  spreading  the  hair  with  the  other» 
The  leather  covers  are  moistened,  cut  to  the  size  of  the  book» 
smeared  with  paste,  and  afterwards  stretched  over  the  paste— 
board  on  the  outside,  and  doubled  within,  after  having  takem 
off  the  four  angles,  and  indented  and  platted  the  cover  at  the 
head-band.    The  book  is  now  covered  and  bound  between  two 
bands,  and  i^t  to  dry.    It  is  afterwards  washed  with  paste  and. 
water,  and  then  sprinkled  with  a  brush ;    if  marbling  be 
required  on  the  leathern  covers,  the  spots  are  made  by  the 
addition  of  vitriol.    The  book  is  glazed  with  the  white  of  an 
egf^,  and  polished  with  a  hot  iron ;  the  letters  and  ornaments 
are  made  with  gilding  tools,  or  brass  cylinders,  rolled  along  by 
a  handle.    To  apply  the  gold,  the  leather  is  glazed  with  whites 
of  eggs  dilated  with  water,  when  nearly  dry  the  gold  leaf  is 
laid  on,  and  the  letters,  or  ornaments,  are  made  with  tools 
heated  in  a  charcoal  fire.    For  preserving  books  from  the  depre- 
dations of  worms, — mineral  salts,  alum,  and  vitriol  should  be 
mixed  with  the  paste  used  by  bookbinders ;  and  instead  of 
flower,  the  paste  should  be  made  of  starch.    A  little  pulverized 
alum  is  useful,  if  strewed  between  the  book  and  its  cover,  and 
upon  the  shelves  of  the  library.    A  few  drops  of  any  perfumed 
oil  will  secure  libraries  from  the  consuminp^  effects  of  mouldi- 
ness  and  damp.    Russian  leather,  which  is  perfumed  vrith  the 
tar  of  the  birch-tree,   never  moulders ;  and  merchants  suffer 
large  bales  of  this  article  to  lie  in  the  London  docks  in  the 
most  careless  manner,  knowing  that  it  cannot  sustain  any  injury 
from  damp. 

BOOM,  in  Marine  Fortification,  a  strong  iron  chain,  fastened 
to  a  number  of  spars,  and  extending  athwart  the  mouth  of  a 
harbour  or  river,  to  prevent  the  enemy's  vessels  from  entering, 
but  may  be  occasionally  sunk  or  removed. 

Boom,  a  long  pole  run  out  from  different  places  in  the  ship, 
to  extend  the  bottoms  of  particular  sails,  as  jib-boom,  flying 
jib-boom,  stqdding-sail  booms,  driver  or  spanker-boom,  ring- 
tail boom,  main-boom,  square-sail  boom,  &c. 

Fire  BooMs,  strong  poles  occasionally  thrust  out  from  a 
ship's  side,  &c.  to  prevent  the  approach  of  fireships,  firestages, 
or  vessels  accidentally  on  fire. 

Booming,  among  Sailors,  denotes  the  application  of  a 
boom  to  the  sails.  Booming  of  the  sails  is  never  used  but  in 
quarter  winds,  or  before  a  wind.  When  a  ship  is  said  to  come 
booming  towards  us,  it  signifies  that  she  comes  with  all  the  sail 
she  can  make. 

BOOTES  and  Mons  Menalus,  a  Constellation  in  the 
northern  hemisphere.  Grecian  fable  makes  Bootes  to  be 
Areas,  a  son  of  Jupiter  and  Calisto.  Juno,  who  was  jealous 
of  Jupiter,  changed  Calisto  into  a  bear;  and  she  was  near  being 
killed  by  her  son  Areas  in  hunting.  Jupiter,  to  prevent  further 
mischief  from  huntsmen,  made  Calisto  the  constellation  Ursa 
Major,  and  on  the  death  of  Areas,  transferred  him  to  heaven, 
with  the  title  and  office  of  Bear  Guard.  The  splendid  star 
Arcturus,  is  frequently  mentioned  in  holy  writ,  particularly 
in  the  book  of  Job.  This  star  is  placed  near  Virgo,  in  a  line 
with  Spica,  on  the  meridian  of  the  Ecliptic.  The  ancient 
Greeks  called  this  constellation  Lycaon.  The  Hebrews  call  it 
**  the  Barking  Dog."  The  Latins,  among  other  names,  called 
Bootes  Canis,  Going  back  to  the  time  when  Taurus  opened 
the  year,  and  when  Virgo  was  the  fifth  of  the  zodiacal  signs,  we 
shall  find  the  brilliant  star  Arcturus,  so  remarkable  for  its  red 
and  fiery  appearance,  corresponding  with  a  period  of  the  year 
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f  ometimes  roand,  sometimea  chain-framed,  or  beTelled,  some- 
times in  a  diamond  form,  sometin^es  enclosed  with  a  cavetto, 
and  sometimes  with  a  listel. 

BOTANY.  The  history  of  the  vegetable  kingdom,  or,  as  it 
is  termed.  Botany,  is  a  science  which  includes  the  practical 
discrimination,  the  methodical  arrangement,  and  the  syste- 
matic nomenclature,  of  vegetables.  Vegetables  are  organized 
productions,  supported  by  air  and  food,  endowed  with  life, 
and  subject  to  death,  like  animals.  They  have,  in  some 
instances,  ifWHianeotu,  not  voluntary  motion.  They  are  sen- 
sible to  the  supply  of  nourishment,  the  action  of  the  air  and 
light,  and  thrive  or  languish  according  to  the  wholesome  ap- 
plication of  these  stimulants.  This  is  evident  to  all  who  have 
ever  seen  a  plant  growing  in  a  situation  for  which  it  is  not 
suitable.  Those  who  have  gathered  a  rose,  know  how  soon  it 
withers ;  and  the  familiar  application  of  its  fate  to  that  of  human 
life  and  beauty,  is  not  more  striking  to  the  imagination,  than 
philosophically  correct. 

The  external  covering  of  plants  is  commonly  transparent 
and  smooth ;  but  sometimes  it  is  downy ;  and  sometimes  so 
hard,  that  Hint  has  been  detected  in  its  composition.  The 
Dutch  rush  serves  as  a  file  to  polish  wood,  ivory,  and  even 
brass.  Under  the  cuticle,  is  found  the  cellular  inteaument  of  a 
pulpy  texture,  and  the  seat  of  colour.  It  is  usually  green  in 
the  leaves  and  stems,  and  is  dependent  for  its  hue  on  the 
action  of  light.  When  the  cellular  integument  is  removed,  the 
bark  presents  itself;  in  plants  and  branches  only  one  year  old, 
the  bark  consists  of  a  simple  layer.  In  the  branches  and  stems 
of  trees,  it  consists  of  as  many  layers  as  they  are  years  old. 
The  Peruvian  bark  affords  *  a  coo&ng  draught  to  the  fevered 
lip  ;'  that  of  the  cinnamon  yields  a  rich  cordial ;  that  which  is 
stripped  from  the  oak,  is  used  for  tanning.  Immediately  under 
the  bark  is  situated  the  wood,  which  forms  the  great  bulk  of 
trees  and  shrubs.  This  also  consists  of  numerous  layers,  as 
may  be  observed  in  the  fir,  and  other  trees ;  and  from  these 
concentric  circles,  the  age  of  the  tree  is  determined.  Within 
the  centre  of  the  wood  is  the  medulla  or  pith,  a  cellular  sub- 
stance, juicy  when  young,  extending  from  the  roots  to  the  sum- 
mits of  the  branches.  In  some  plants,  as  in  grasses,  it  is  hol- 
low, merely  lining  the  stem.  The  trunk  enlarges  by  the  forma- 
tion of  the  new  liher,  or  inner  bark,  every  year,  the  undermost 
layer  is  transformed  into  cortex^  or  outer  bark,  becoming  the 
laburnam,  or  soft  wood  of  the  next,  and  the  laburnam  becoming 
the  lignum,  or  hard  wood. 

The  chemical  or  elementary  principles  of  vegetables,  are, 
carbon,  water,  and  air ;  or  hydrogen  16  parts,  and  oxygen  86 
parts,  for  the  constituent  parts  of  100,  water ;  and  asote  and 
nitrogen  72,  and  oxygen  28,  as  the  constituent  parts  of  100, 
atmospheric  air,  and  carbon. 

Vegetables  generate  or  give  out  oxygen  or  vital  air,  in  the 
light  or  sunshine,  by  a  natural  process  of  their  own.  The  sac- 
charine and  oily  productions  of  vegetables  are  parts  of  their 
sap  or  juices  ;  but  the  turpentine,  bitter,  and  acid  principles, 
are  efl^ects  of  secretion.  The  green  colour  of  vegetables  arises 
from  the  oil  they  contain;  ^e  rays  of  the  sun  extract  the 
oxygen  from  the  outer  surface,  and  leave  the  carbon  and 
hydrogen  the  constituent  parts  of  oil.  Healthy  vegetables,  in 
general,  perspire  water  by  the  under  part  of  their  leaves,  equal 
to  one-third  of  their  weight,  every  twenty-four  hours.  Nor  do 
they  derive  their  substance  in  a  principal  degree  from  the  mat- 
ter of  the  soil  in  which  they  grow ;  but  they  are  created  as  it 
were  by  a  vital  principle  of  their  own,  out  of  air  and  water,  and 
of  the  imperceptible  matters  combined  with  air  and  water, 
from  which  they  derive  distinctions  of  smell,  taste,  and  sub- 
stance. 

The  general  constituent  principles  of  vegetables,  viz,  hydro- 
gen, carbon,  oxygen,  he.  do  not  exist  in  them  in  a  simple  and 
uncombined  state,  but  joined  in  various  proportions,  forming 
compound  substances,  that  make  up  the  whole  vegetable ;  and 
the  following  are  the  principal  substances  met  with  in  vege- 
tables:— 1  Mucilage.  2.  Fixed  and  volatile  oils.  3.  Resin. 
4.  Gum  resins.  6.  Caoutchouc,  a  Camphor.  7.  Wax. 
8.  Honey.  9.  Sugar.  10.  Gluten.  11.  Fecula.  12.  Tannin. 
13.  Woody  fibre.  14.  Colouring  matter.  16.  Acids.  16.  Mis- 
cellaneous substances.— 17.  Amber,  and  18.  Asphaltom,  are 
also  supposed  to  beof  vegetable  origin. 


Mucilage,  Various  parts  of  vegetables  impart  to  water,  il 
boiled  with  them,  a  certain  viscous  matter,  causing  consistency. 
This  is  called  mucilage.  Some  trees  suffer  their  mucilage  to 
transude,  some  spontaneously,  or  by  incisions  made  in  them. 
When  it  has  become  concrete  by  drying  in  the  air,  it  is  called 
gum.  In  this  way  gum  arabic,  gum  Senegal,  and  cherry-tree 
gum,  are  formed.  Mucilage  is  without  taste ;  soluble  in  water^ 
but  not  in  oils  or  alcohol.  It  is  not  changed  by  exposure  to  the 
air.  From  the  experiments  of  Croikshank,  it  appears  to  con- 
sist of  oxygen,  hydrogen,  nitrogen,  carbon,  and  lime. — Fixed 
and  Volatile  OiU,  Oil  is  composed  of  carbon  and  hydrogen, 
with  a  small  portion  of  oxygen.  Oils  arc  divided  into  fat  or 
fixed  oils,  and  volatile  or  essential  oils.  Fixed  oil  is  usually 
obtained  by  expression,  chiefly  from  the  seed  and  kernels  of 
plants.  Volatile  oil  is  procured  by  distilling  aromatic  plants 
with  water. — Resins  exist  in  the  vessels  of  certain  trees,  and 
frequentiy  exude  from  them  spontaneously.  Sometimes  they 
are  procured  by  making  incisions  in  the  trees,  and  sometimes 
by  distilling  the  wood.  They  are  considered  as  volatile  oils 
combined  with  oxygen.  They  are  soluble  in  alcohol  and  oils, 
but  not  in  water.  It  is  this  property  that  renders  them  so 
valuable  as  varnishes.  They  are  very  inflammable,  and  melt 
with  a  slight  heat.  The  principal  resins  are  the  turpentine, 
the  guaiacum,  mastic,  copal,  and  sandarac. — Gum  resins  appear 
to  be  a  natural  mixture  of  resin  and  mucilage.  They  are  partiy 
soluble  in  water,  and  partiy  in  alcohol.  Gum  ammoniac, 
assafoetida,  and  opium,  are  gum  resins. — Caoutchouc,  elastic 
gum,  or  Indian  rubber,  resembles  a  resinous  gum.  It  is  elastic^ 
inflammable,  and  insoluble  in  water  or  fat  oils.  It  is  partlj 
soluble  in  volatile  oils,  and  entirely  so  in  nitric  ether.  It  ii 
the  juice  of  a  tree  of  the  euphorbia  tribe.  When  first  exuded, 
it  is  of  a  milky  consistence  and  colour,  but  it  gradually  thick- 
ens,  and  is  blackened  by  smoke,  as  it  flows  round  the  clay  balli 
on  which  the  bottles  are  made.  It  is  cut  easily,  if  the  knife  be 
dipped  in  water. — Camphor,  a  volatile  oil,  is  extracted  from  a 
species  of  laurel  which  grows  in  China,  and  the  East  Indies. 
It  is  very  inflammable,  and  sublimes  by  a  gentle  heat.  It  is 
soluble  in  ether,  alcohol,  the  oils,  and  acetic  acid.  It  is  highly 
odorous,  and  prevents  the  spreading  of  contagious  disorders.— 
Wax,  a  vegetable  substance,  found  in  the  greatest  quantity  oa 
the  anthers  of  flowers,  and  coUected  by  bees,  is  insoluble  in 
water  and  alcohol,  but  soluble  in  volatile  and  fixed  oils.  It  is 
very  inflammable.  Its  components  are  the  same  as  those  of 
volatile  oils. — Honey  is  formed  chiefly  in  the  pistils  or  female 
organs  of  flowers,  whence  it  is  collected  by  the  bees  :  it  appears 
to  be  sugar  dissolved  in  mucilage. — Sugar  is  produced  in  the 
greatest  quantity  from  the  sugar  cane;  but  it  may  also  be 
obtained  from  the  sugar  maple,  the  beet-root,  carrot,  &c.  Its 
constituents  are  oxygen,  carbon,  and  hydrogen. — Gluten,  an 
elastic  viscid  substance,  is  found  in  vegetables,  and  chiefly  in 
wheat  flour;  it  is  soluble  in  water,  and  very  slightly  so  in 
alcohol. — Fecula,  or  Starch,  forms  the  principal  part  of  the 
substance  which  is  washed  away  in  order  to  obtain  the  gluten 
from  the  grain.  When  the  fluid  is  suffered  to  stand,  a  white 
powder  subsides,  which  is  the  starch.  It  is  also  obtained 
from  potatoes. — Tannin  matter  is  found  in  the  gall  nut,  the 
bark  of  oak  trees,  and  other  astringent  parts  of  vegetables. — 
Woody  fihi'e,  constituting  the  basis  of  wood,  may  be  separated 
from  every  other  substance,  by  boiling  wood  shavings  in 
water  to  dissolve  the  extractive  matter,  and  then  in  alcohol  to 
separate  the  resins,  &c. — Colouring  matter  is  found  in  vege- 
tables combined  with,  1,  the  extractive  principle;  2,  wi^ 
resins;  3,  with  fecula;  4,  with  gum. — Acids,  existing  ready 
formed  in  vegetables,  are  the  citric,  malic,  oxalic,  gallie, 
benzoic,  tartaric,  acetous,  suberic.  Besides  which,  we  flnd 
various  other  substances  in  vegetables,  as  sulphur,  iron,  man- 
ganese, lime,  aluminc,  magnesia,  harytcs,  &c. 

Roots  are  necessary  to  fix  and  hold  plants  in  the  earth,  from 
which  they  imbibe  nourishment.  Roots  are  either  annual,  or 
living  for  one  season,  as  in  barley;  biennial,  which  survive  one 
winter,  and,  after  perfecting  their  seed,  perish  at  the  end  of  tKe 
following  summer,  as  wheat ;  or  perennial,  which  remain  aad 
produce  blossoms  for  an  indefinite  number  of  years,  as  those 
of  trees  and  shrubs  in  general.  The  root  consists  of  two  parts : 
the  caudex  or  stump,  which  is  the  body  or  knot  of  the  root,  frOM 
which  the  trunk  and  branches  ascend,  and  the  fibrous  roots 
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ftpranchiiifr  from  the  cmidex, — Bads  are,  in  most  instances, 

guarded  by  scales,  and  furnished  with  §rum  or  woolliucss,  as  an 

tfsdclitional  defence.     Bads  arc  various  in  their  forms,  but  vrry 

msnifomi  in  the  same  species,  or  even  ^enus.     They  unfold  the 

«-iiibryoplant. — Thetrunkof  a  tree  includes  the  stems  or  stalks. 

Tlic*  Htem,  as  it  advances  in  jcrowth,  cither  supports  itself,  or 

ftwane^  round  other  bodies.     It  is  either  simple,  as  in  the  lily  ; 

tf*r    branched,  rs  in  other  plants. — Leaves  arc  generally   so 

Ci^rmed  a«  lo  present  a  lar(;e  surface  to  the  atmosphere.  \Vhen 

€>f  any  nther  hue  than  ^reen,  they  are  said  to  be  coloured.     The 

internal  surface  of  a  leaf  is  vascular  and  pulpy,  clothed  with  a 

«-uiicle«  very  various  in  diOerent  plants,   but  its  pores   are 

Always  so  constructed,  as  to  admit  of  the  rec|[aisite  evaporation 

c^r  absorption  of  moisture,  as  well  as  to  admit  and  give  out  air, 

and  liicht  also  acU  throup^h  this  cuticle. 

Tlie  effect  of  moisture  must  have  been  observed  by  every  one. 
Ay  absorption  from  the  atmosphere,  the  leaves  are  refreshed  ; 
f*\  evaporation,  when  separated  from  their  stalks,  they  soon 
tfadc  and  wither.    The  nutritious  juices,  imbibed   from   the 
«anh,  become  sap,  and  are  carried  by  appropriate  vessels  into 
the  sabntance  of  the  leaves,  and  these  juices  are  returned  from 
«acb  leaf  into  the  bark.    This  is  eflfected  by  a  double  set  of 
-^cfiselt,  analogous  to  the  arteries  and  veins  in  animals,  and  is 
ch^  circulation  of  the  vegetable  blood  or  sap.    The  sap  is  car- 
ried into  the  leaves  for  the  purpose  of  being  acted  upon  by  air 
r»nd  light,  with  the  assistance  of  heat  and  moisture,  and  by  all 
chcso  agents,  a  most  material  change  is  wrought  in  the  com- 
ipouent  parts  of  the  siip,  arcording  to  the  nature  of  the  secrc- 
«  ioDs.     The  green  colour  of  the  leaves  is  oviing  to  the  action  of 
B  ight,  but  tiiey  are  subject  to  a  disease  by  which  they  become 
g^>ariially  spotted  or  streaked,  and  in  this  state  are  variegated, 
n^bc  irritable  nature  of  leaves  is  very  extraordinary,  for  the 
^fasiiive  plant,  common  in  hot-houses,  when  touched  by  any 
«-xtraneous  body,  folds  up  its  leaves  one  after  another,  and  the 
^•Mtttalks  droop,  as  if  dying. 

Props,  or  falera,  are  appendages  to  the  true  leaves,  or  to  their 
sUUs,  Infloresrence,  treats  of  the  different  kinds  or  modes  of 
flowering.  Sometimes  the  flowers  surround  the  stem  in  a  gar- 
land  or  ring,  as  in  mint,  deadnettle,  &c.  In  other  plants,  a 
cluster,  which  bears  several  flowers, each  on  its  own  stalk,  like  a 
^aiirb  of  currants.  In  other  plants,  numerous  crowded  flowers 
^^e  ranged  along  an  upright,  common  stalk,  expanding  pro- 
^rv-ssively,  as  in  wheat  and  barley.  Again,  we  find  a  flat-top- 
Ped  spike,  as  in  the  cabbage  and  wallflower. 

Fructiliration  is  a  term  comprehending  not  only  the  parts  of 
th*-  fruit,  but  those  of  the  flower.  The  parts  of  fructification 
*re  described  by  many  technical  words,  but  include  chiefly  the 
fio^ercap,  or  external  covering  of  the  flower  ;  the  ealix,  eon- 
aUiia^  in  general  of  the  coloured  leaves  of  the  flower ;  the 
*vaaieiu,  and  the  cells  containing  the  pollen  or  feruudating 
^«st:  the  pistils  stand  in  the  centre  of  the  circles  fonned  by 
^e  stamens,  and  consist  of  the  gernien  or  rudiments  of  the 
^tore  frait  or  seed ;  the  seed  are  composed  of  the  embryo  or 
^^riB,  and  are  often  aerompanifd  by  arcessory  parts ;  as 
*pioes,  hooks,  scales,  and  crests,  generally  serving  to  attarli 
^^rh  seeds  as  are  furnished  with  them,  lo  the  rough  coats  of 
^ftimals,  and  thus  promote  their  dispersion. 

Classification,  though  last  in  order,  is  first  in  importance ; 
*Dd  of  all  the  systems  of  botany,  that  of  Linnaeus,  now  gene- 
''^Uy  acknowledged  and  adopted,  is  founded  on  the  number, 
Situation,  and  proportion  of  the  stamens  and  pistiis.  uhnse 
^■es  and  structure  have  been  just  explained.  The  following 
*^ rat} -four  Classes  owe  their  distinctions  principally  to  the 
*^*mens. 

The  Classes;  or,  Primartf  Dirisions  of  the  Sexual  System, 

(See  the  Plate.) 

Piff.  1.  MnxAxnaiA,  flowers  with  one  stamen. — 2.  Dmnpru. 
^^vrrs  with  two  stamens.— 3.  Triammui.  flowers  with  three 
Miaieat. — t.  TcrRi\t>RM,  flowers  with  four  stamens,  all  of 
^^^  Mme  Irnzth.— 5.  Fkntanpru,  flowers  with  five  stamens. — 
^  Hcx4%DBi«,  flowers  with  six  stamens,  all  of  the  same 
^^;th. — 7.  ilrPTANDRi.i,  flowers  with  seven  stamens. — 8. 
*^ri\pRii,  flowers  with  eight  stamens.  —  i>.  Enneandria, 
^'mrr%  with  nine  stamens.^10.  DKC^NnKiA,  flowers  with 
lea  siimeaa.— tl.  Dodccakdria,  flowers  with  twche  stamens. 


—12.  IcosANDRi A,  flowen  with  about  twenty  stamens,  attached 
to  the  calix,  or  sometimes,  in  part,  to  the  corolla. — 13.  Polt* 
ANURIA,  flowers  most  commonly  with  more  than  twenty  sta* 
mens,  attached  to  the  receptacle. — 14.  i)ii>YNAMiA,  flowers 
with  tHo  longer  stamens. — 15.  Tftridymmia,  flowers  aith 
four  longer  stamens.— 10.  Monadklphia,  filaments  united  into 
one  brotherhood .^17.  I)i\df.i.piiia,  filaments  forming  two 
brotherhoods.— I H.  FoLYAi>F.LrHiA,  filaments  forming  more 
than  two  brotherhoods.— li).  Sykgenesia,  anthers  united,  com- 
posing a  hollow  cvlinder,  through  which  the  style  passes.— 20, 
Uynandria,  stamens  on  the  pistil.— 21.  Mostxi  ia,  stamini- 
ferous  and  pistiliferous  flowers  on  the  same  plant.— 22.  Diixci  a, 
staminiferous  and  pistiliferous  flowers  on  difl'erent  phints.— 23. 
Pol  YG  A  MIA,  different  dispositions  on  the  same  plant.— 24. 
Cryptogamia,  flowers  inconspicuous. 

The  Orders;  or.  Secondary  Dirisiont  of  ike  Sexual  Stfttem, 

Fig.  1.  Monogynin^  containing  hermaphrodite  flowers  with 
one  pistil,  or  female  organ. — 2.  Diyifnia,  hermaphrodite  flowers 
with  two  pistils ;  a,  the  pistils  detached  from  the  flower.—.'}. 
Triyynia^  hermaphrodite  flowers  with  two  pLstils ;  «,  the  pis- 
tils separated  from  the  flower.— 4.  Tetragynia^  hermaphrodite 
flowers  with  four  pistils ;  «,  the  pistils  separated  from  the 
flower.— 5.  Peniayynim^  hermaphrodite  flowers  nith  five  pistils ; 
a,  the  pistils  separated  from  the  flower. — 6.  Uexagynim^ 
hermaphrodite  flowers  with  six  pistils;  a,  the  pistils  .separated 
from  the  flower. — 7.  Hentngynia,  hermaphro<lite  flowers  with 
seven  pistils;  a,  the  pistils  detached  from  the  flower.— 8. 
Decagynia^  hermaphrodite  flowers  with  ten  pistils  ;  «,  the  pis- 
tils separated  from  the  flower. — 9.  thtdtrogyniat  hermaphrodite 
flowers  with  twelve  pistils,  or  female  orycani. — 10.  Polyg^nim^ 
hermaphrodite  flowers  containing  an  indefinite  number  Of  pis- 
tils,  or  female  organs. — 11.  Uymnosprrmia^  the  name  of  the 
first  order  in  the  class  Dii>ynamia;  in  which  a  represents  a 
longitudinal  section  of  the  flower,  to  display  the  four  naked 
seeds  in  the  bottom  of  the  calix. — 12.  Angiufpermia,  the  name 
of  the  second  order  in  the  class  Didyn^mia,  containing  soch 
hermaphrodite  flowers  with  four  stamen.n,  two  longer  than  the 
others,  as  have  their  seeds  contained  in  a  vessel ;  a,  the  peri- 
carp, ur  vessel,  detached  from  the  flower. — 13.  Siliculota^  the 
first  order  in  the  classTErRAhYMMii,  containing  such  flowers 
possessed  of  the  classical  character,  as  have  their  sreds  con- 
tained in  a  short  round  pod  ;  a,  the  silirufa,  or  pod,  divided,  to 
shew  the  seeds  separated  from  the  flower. — 14.  Silujuota,  the 
second  order  in  the  class  Tr.TRU>YNAMiA,  containing  such 
flowers  possessed  of  the  classical  character,  as  have  their 
seed <i  contained  in  a  jri/iV/Ma,  or  long  slender  pod,  to  each  suture 
of  w  hich  they  are  alternately  attached  ;  a,  the  «i7iyua  detaclM.*d. — 
16.  Polygamia  .Ju/ualis,  the  first  order  in  the  class  Syng ene- 
ma; A,  a  floret  separated  from  the  aggregate. — Hi.  Polygamic 
Suptrfina^  the  second  order  in  the  class  Sy  no  em  si  a  ;  «, 
represents  a  female  floret  in  the  circumference  or  ray ;  6,  an 
hermaphrodite  floret  in  the  centre  or  di-sk. — 17.  Polygamit^ 
FrustraMra,  the  third  order  in  the  elafis  Syngkmsia. — 18. 
Poiifgnmia  Mrcettaria,  the  fourth  order  in  the  class  Syn<.i.\f- 
«i  \. — 10.  Polygamia  Segregnta,  the  fifth  order  in  the  class  Sy\- 
r.EM  SI  \ ;  a,  a  floret  with  its  proper  flower-cup  detached  from 
the  aggregate.— 2t>.  Monoijamia^  the  sixth  order  in  the  clans 
Sy  so  EN  ESI  A  ;  d,  representing  a  section  of  the  flower,  to 
"xhihit  the  union  of  the  stamens  by  flie  anthers.— 21,  22,  2.1. 
Tritrcia,  the  third  order  in  the  class  Polygamia,  in  which  her- 
maphrodite flowers  arc  intermingled  with  male  or  female 
lltiwers,  or  both,  on  one.  two,  or  three  plants. — 24.  Ftiicn, 
Fern<,  the  first  order ;  25.  Mutci,  Mosses,  the  second  order ; 
20.  Algtr^  Sea-weed,  kc,  the  third  order;  '27.  Fungi,  Mush- 
rooms, the  fourth  order:  in  the  class  Cuyptogimia. 

In  the  class  Cryptogamia  two  other  orders  are  reckoned, 
viz,  IltpiTicc,  small  herbaceous  plants  resembling  Mosses; 
and  MiscellanrjC,  including  plants  not  easily  referable  to  auy 
of  the  five  foregoing  orders. 

The  orders,  or  subdivisions  of  the  classes,  are  generally 
marked  by  the  number  of  the  pistils,  or  by  some  other  eireuni- 
stance  equally  intelligible.  The  names  of  these,  as  well  as  of 
the  classes,  are  both  of  Greek  derivation,  and  designate  the 
functions  of  the  respective  organs.  A  further  division  of  ibe 
orders,  founded  on  distinctions   in  the  ncctarium,  lead  m 
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penera.  Other  diyisions  of  the  g:^nera,  in  regard  to  the  root, 
trunk,  leaves,  &c.  lead  to  species;  and  casual  difference  in 
species  are  called  yarieties. 

We  have,  in  the  American  reed,  an  instance  of  the  Monandria 
roonogynia,  that  is,  a  flower  with  one  stamen  and  one  pistil. 
In  the  jasmine  we  see  an  instance  of  the  Diandria  monogynia, 
or  flower  that  has  two  stamens  and  one  pistil.  In  the  linum  or 
flax,  there  are  Ave  stamens  and  five  pistils  ;  and  the  flower  is 
called  Pentandria  pentagynia,  that  is,  one  having  five  males 
and  five  females ;  and  so  of  the  rest. 

The  study  of  Botany  has  been  applied  as  a  guide  to  estimate 
the  qualities  of  plants.  The  first  order  of  the  fourteenth  class, 
denominated  **  Didynamia  gymnospermia,"  are  all  innocent  or 
wholesome ;  those  of  the  other  order  are  febrile,  narcotic,  and 
dangerous,  being  allied  to  a  large  part  of  the  Pentandria  mono- 
gynia,  known  to  be  poisonous,  as  containing  henbane,  night- 
shade, and  tobacco.  The  whole  class  Tetradynamia  is  whole- 
some. Whenever  the  stamens  are  found  to  grow  out  of  the 
calyx,  they  indicate  the  palpy  fruits  of  such  plants  to  be  whole- 
some, except  the  seeds  of  the  laburnum,  which,  if  eaten  unripe, 
are  violently  emetic  and  dangerous.  Milky  plants  are  gene- 
rally to  be  suspected.  Umbelliferous  plants,  which  grow  in  dry 
or  elevated  situations,  are  aromatic,  safe,  and  often  whole- 
some, while  those  that  inhabit  low  and  watery  places  are 
among  the  most  deadly  poisons. 

The  natural  substances  found  in  all  vegetables  are.  sugar,  in 
the  sugar-cane,  beet,  carrots,  &c. ;  gum,  or  mucilage,  oozing 
from  many  trees  ;  jelly,  procured  from  many  fruits ;  turpentine 
and  tar,  from  the  pine  ;  bitters,  from  hops  and  quassia ;  and 
the  narcotic  principle  from  the  milk  of  poppies,  lettuce,  &c. 

The  vegetables  of  greatest  value  to  man,  produce  gluten  or 
starch ;  as  wheat,  potatoes,  barley,  beans,  &c.  Oils  are  pro- 
duced by  pressing  the  seeds  or  kernels  of  vegetables ;  as 
olives,  almonds,  linseed,  &c;  Volatile  oils  are  distilled  from 
peppermint,  lavender,  &c.  Wax  is  collected  from  all  flowers 
by  bees.  Resins  exude  like  gum  from  firs  and  other  trees; 
and  are  known  as  balsams,  varnishes,  turpentine,  tar,  pitch, 
&c.  Of  this  class  too,  is  Indian  rubber ;  which  is  a  gum  that 
exudes  from  a  certain  tree  in  South  America.  And  iron  also 
mixes  with  the  substance  of  most  vegetables,  and  is  the  cause 
of  the  beautiful  colours  of  flowers.  Potash  is  obtained  from 
the  ashes  of  burnt  vegetables  ;  as  kelp,  vine,  fern,  &c. 

Anatomy  of  P/itn/#.— In  Order  to  comprehend  this  subject, 
the  following  general  principles  may  be  of  service ;  they  may 
be  verified  in  most  plants ;  and  observation  is  here  the  best 
teacher.  First,  all  plants  do  not  perspire.  2.  That  there  is 
not  in  all  plants  an  uniform  circulation  of  sap.  3.  In  general, 
the  spiral  wire  is  the  muscle  of  the  plant.  4.  The  leaves  are 
for  the  most  part  the  lungs  of  the  plant.  6.  The  different 
divisions  of  the  leaves  are  formed  of  the  elongations  of  the 
bark  and  inner  bark  vessels.  6.  Hairs  and  instruments  of  that 
kind  are  the  means  which  Nature  takes  to  form  the  different 
juices  according  to  their  various  affinities.  That  these  figures 
were  taken  for  perspiration,  but  are  in  reality  liquids  received 
from  the  atmosphere  and  flowing  into  the  plant,  not  a  juice 
running  from  it.  7.  The  root  is  the  grand  laboratory  of  all 
plants,  where  the  great  chemical  operations  are  going  on.  8. 
The  heart  of  the  seeds  is  formed  in  the  extremities  of  the  side 
roots.  9.  The  flower  is  also  formed  in  the  middle  root,  and 
the  pollen  in  the  tap  root.  10.  The  corolla  of  a  flower  is  formed 
by  bubbles  of  water  placed  in  rows,  and  owes  all  its  beauty, 
and  the  lightness  of  its  tint,  to  the  refraction  and  reflection  of 
the  sun  on  the  drops  of  water  which  form  its  pabulum.  This 
thought  of  apparent  subtilty  is  nevertheless  verified  by  experi- 
ibent.  11.  The  roots  and  leaves  of  a  plant  will  most  exactly 
mark  not  only  what  is  the  soil  in  which  they  originally  grew, 
but  the  situation  from  which  they  came,  whether  a  water  plant 
or  a  dry  plant,  a  rock  or  a  valley  plant,  &c.  12.  The  water, 
semi-water,  and  rock  plants  alone  can  be  said  to  have  direct 
air-vessels,  though  these  may  be  found  in  parasite  and  early 
spring  plants,  such  as  the  crocus  and  hyacinth. 

BOWSPRIT,  a  large  boom  or  mast,  which  projects  over  the 
stem,  to  carry  sail  forward,  and  counteract  the  force  of  tiie 
aftersails,  or  those  extended  behind.  The  bowsprit  should  be 
two-thirds  of  the  length  of  the  mainmast,  and  its  thickness 
•qaal  to  the  mizenmast :  when  it  is  twelve  fathoms  five  feet 


long,  its  yard  must  be  eight  fathoms  two  feet  long,  and  the  top- 
mast of  the  bowsprit  three  fathoms  and  one  foot. 

BOYLE,  Robert,  one  of  the  greatest  philosophers  of  the 
seventeenth  century,  was  born  at  Lismore,  m  Ireland,  January 
25,  1626,  the  year  in  which  the  sciences  were  deprived  of  their 
greatest  ornament.  Lord  Bacon,  whose  plans  of  experimental 
philosophy  our  author  afterwards  so  ably  seconded  and  im- 
proved. Boyle  was  one  of  the  first  of  those  illustrious  mei 
who  formed  the  Royal  Society,  in  1645,  for  the  purpose)  ol 
improving  .experimental  knowledge,  upon  the  plan  laid  down 
by  Bacon ;  which  society  being,  in  1654,  removed  to  Oxford, 
he  went  to  reside  there,  where  he  very  much  improved  the  air- 
pump,  which  led  him  to  the  discovery  of  several  of  tho  proper- 
ties of  air.  He  also  published,  during  his  residence  at  Oxford 
several  works  relating  to  the  properties  of  air,  and  other  phi- 
losophical subjects  ;  and  in  1668  returned  to  London,  where  h< 
continued  to  reside  till  his  death,  which  happened  in  the  yeai 
1691,  in  the  65th  year  of  his  age.  Boyle  was  author  of  a  ver 
great  number  of  important  works,  beautiful  editions  of  whid 
have  been  published  in  London,  in  five  volumes  folio,  and  si] 
volumes  quarto.  Dr.  Shaw  also  published,  in  three  volorae 
quarto,  the  same  works  "  abridged,  methodized,  and  dispose! 
under  the  general  heads  of  Physics,  Statics,  Pnenmaticfl 
Natural  History,  Chemistry,  and  Medicine ;"  to  which  he  Iwi 
prefixed  a  short  catalogue  of  the  philosophical  writings,  accord 
ing  to  the  order  of  time  when  they  were  published,  &c. 

BRAHE,  Tycho,  a  famous  Danish  astronomer,  bom  of  i 
noble  family,  in  Knudstorp,  1546,  read  lectures  on  astronO' 
my  at  Copenhagen,  in  1574,  by  order  of  the  king ;  who  also 
built  for  him  an  observatory  in  the  isle  of  Huen  in  the  Soond, 
the  building  being  called  Uranibourg,  where  he  resided  aboot 
20  years,  pursuing  his  studies,  making  observations,  aod 
receiving  visits  from  the  most  illustrious  personages.  On  tibe 
death  of  the  king  he  lost  his  pension,  and  went  to  Prague, 
where  he  was  introduced  to  the  emperor  Rodolphus  :  who 
treated  him  respectfully ;  gave  him  a  magnificent  hoose,  fit 
for  astronomical  observations  ;  and  assigned  him  a  pension  ol 
3000  crowns.  Here  then  he  settled  in  the  latter  part  of  1508, 
with  his  sons  and  sch6lars',  and  among  them  the  celebrated 
Kepler.  But  he  did  not  long  enjoy  this  happy  situation ;  for, 
about  three  years  after,  he  died,  in  the  55th  year  of  his  age, 
and  was  interred  in  a  very  magnificent  manner  in  the  principal 
church  at  Prague,  where  a  noble  monument  was  erected  to 
him ;  leaving,  beside  his  wife,  two  sons  and  four  daughters* 
The  skill  of  Tycho  Brahe  in  astronomy  is  universally  known, 
and  his  works  are  very  numerous  and  valuable. 

BRAMAH'S  Machine,  or  Hydrostatic  Pre«,  &c.  consists  in 
the  application  of  water,  or  dense  fluids,  to  engines,  so  as,  in 
some  instances,  to  cause  them  to  act  with  immense  force  ;  in 
others,  to  communicate  the  motion  and  powers  of  one  part  ol 
a  machine  to  some  other  part  of  the  same  machine ;  and,  lastly, 
to  communicate  the  motion  and  force  of  one  machine  to 
another,  where  local  situations  preclude  the  application  ol 
other  methods  of  connexion. 

The  first  and  most  material  part  of  this  invention  will  be 
clearly  understood  by  an  inspection  of  the  figure  in  the  next 
page,  where  A  is  a  cylinder  of  iron,  or  other  materials,  suffi- 
ciently strong,  and  bored  perfectly  smooth  and  cylindrical; 
into  which  is  fitted  the  piston  B,  which  must  be  made  perfectly 
water-tight,  by  leather  or  other  materials,  as  used  in  punip- 
making.  The  bottom  of  the  cylinder  must  also  be  made  suffi- 
ciently strong  with  the  other  part  of  the  surface,  to  be  capable 
of  resisting  the  greatest  force  or  strain  that  may  at  any  tine 
be  required.  In  the  bottom  of  the  cylinder  is  inserted  the  end 
of  the  tube  C ;  the  aperture  of  which  communicates  with  the 
inside  of  the  cylinder,  under  the  piston  B,  where  it  is  shut  witi 
the  small  valve  D,  the  same  as  the  suction-pipe  of  a  commoi 
pump.  The  other  end  of  the  tube  C  communicates  with  the 
small  forcing-pump  or  injector  E,  by  means  of  which,  water  oi 
other  dense  fluids  can  be  forced  or  injected  into  the  cylindei 
A,  under  the  piston  B.  Now,  suppose  the  diameter  of  tM 
cylinder  A  to  be  12  inches,  and  the  diameter  of  the  piston  ol 
the  small  pump  or  injector  £  only  one  quarter  of  an  inch,  tlM 
proportion  between  the  two  surfaces  or  ends  of  the  said  pit* 
tons  will  be  as  1  to  2904;  and  supposing  the  intermediate 
space  between  them  to  be  filled  with  water  or  other  denee 
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U  scarcely  possible  to  giie  strenj^th  enough  to  the  teeth  of 
the  racks,  and  the  machine  becomes  very  cumbersome  and 
of  threat  expense.  But  Mr.  Bramah's  machine  may  be  made 
abuodantly  strong  in  a  very  small  compass.  It  only  requires 
\ery  accarate  execution.  Mr.  Bramah,  however,  was  greatly 
mistaken,  says  Dr.  Gregory  in  his  Mechanics,  when  be  pub- 
lished it  as  the  discovery  of  a  new  mechanic  power.  The 
principle  on  which  it  depends  has  been  well  known  for  nearly 
two  centuries  ;  and  it  is  matter  of  surprise  that  it  has  never 
before  been  applied  to  any  useful  practical  purpose. 

BRANDY.    The  genuine  spirit  is  distilled  from  vrine,  (pro- 
perly so  called,  being  the  vrine  of  grapes,)  also  from  the  lees  of 
wine,  and  the  husks  of  the  grapes  which  remain  after  pressing 
out  the  juice.    The  usual  apparatus  is  employed,  of  a  still  that 
holds  five  or  six  quintals,  with  a  capital  and  worm  applied  in 
the  usual  manner.    Brandy  has  a  purer  and  more  vinous  taste 
than  other  spirits ;  its  peculiar  flavour,  no  doubt,  depends  on 
the  nature  of  the  volatile  principles^  or  essential  oils,  that  rise 
in  distillation  with  the  pure  spirit,  and  likewise  in  some  mea«> 
sore  upon  the  wood  of  the  cask  in  which  it  is  kept.    The 
brandies  made  in  France  are  much  preferred  to  those  of  Spain 
and  other  coantries.    This  preference  is,  perhaps,  as  mnch 
owing  to  superior  distillation,  as  to  certain  peculiarities  in  the 
flavour  of  the  grapes,  which  differ  on  every  soil  and  in  every 
climate.    In  the  south  of  France  alone,  there  is  a  great  variety 
in  the  grapes,  as  well  as  in  the  quality  of  the  spirit  extracted 
from-  them.    Some  wines  are  considered  totally  unfit  for  diatiU 
lation ;  others  peculiarly  suited  for  it,  and  unfit  for  wine.  When 
the  fermentatioD  has  proceeded  too  far,  the  wine  is  put  into  the 
still,  and  the  spirit  extracted ;  otherwise  the  aeetous  aeid,  by 
the  continuance  of  the  fermentation,  would  be  soon  produced 
in  snch  abundance,  as  to  tarn  the  whole  liquid  int*  vinegar* 
The  inferior  weak  wines  are  generally  employed  for  the  making 
of  brandy,  from  their  containing  too  little  spirit  to  keep  them ; 
and  the  good,  strong  wines,  are  generally  reserved  as  yielding 
a  far  ampler  profit  than  could  be  obtained  by  the  extraction  of 
their  spirit.    The  most  spirituous  wines  of  France,  are  those  of 
Languedoc,  Guienne,  and  Rousillon,  which  yield,  according  to 
Chaptal,from  twenty  to  twenty-five  gallons  of  excellent  brandy 
oQt  of  a  hundred ;  but  those  of  Burgundy  and  Champagne  much 
less.    Brisk  vrines,  which  contain  much  carbonic  acid,  from  the 
fermentation  baring  been  stopped  at  an  early  period,  yield  the 
least  spirit.    The  brandies  generally  esteemed  as  the  best  and 
finest  flavoured  are  those  distilled  from  the  grapes  which  are 
the  produce  of  the  territories  of  Gogniac  and  Andaye.    Hence 
every  wine  merchant  in  England  is  professedly  stocked  with  the 
**  real  Cogntae"  brandy ;  and  thus  every  pnblic-houso  sells  no 
other  brandy  than  the  "  best  Cogniac ;" — even  the  distiller  him- 
self has  the  '*  genuine  Gogniac,"  which  he  vriTl  tell  you  he  has 
received  *'  circuitously,"  and  truly  so,  for  it  has  made  all  the 
revolutions  of  his  still- worm  in  its  passage  to  him.    In  distil- 
lation, the  three  principal  distinctions,  in  the  various  strengths 
of  spirits,  are  described  by  the  terms,  low  wines,  proof  spirit, 
and  atcohol.    Low  wines  consist  of  one-sixth  of  pure  spint,  or 
alcohol,  to  Gre  of  water; — proof  spirit  consists  of  one  half  of 
alcohol,  and  om  half  of  water;  and  alcohol^  wholly  of  pure 
spirit. 

BRANDBNBtJRGIUM  Sceptrum,  the  Sceptre  of  Branden- 
burg, is  a  modern  constellation,  formed  in  1688,  by  Geofl'roi 
Kirch,  one  of  the  first  astronomers  of  the  Duke  of  Prussia. 
This  asterism  is  easily  distinguished  by  four  stars,  situated 
nearly  perpendicular  to  the  equator,  and  lying  between  the 
turn  of  the  river  Eridanus,  Orion,  and  the  Hare ;  and  these 
constellations  define  the  boundaries  of  this  inngne  regiminis, 

BRASS,  Making  of.  Brass  is  a  factitious  metal,  made  of 
copper  and  zinc.  By  long  calcination  alone,  and  without  the 
mixture  of  any  other  substance,  brass  affords  a  beautiful  green 
or  blue  colour  for  glass ;  but  if  it  be  calcined  with  powdered 
sulphur,  it  will  give  a  red,  yellow,  or  chalcedony  colour,  accord- 
ing to  the  quantity  and  other  variations  in  using  it.  Brass  is 
of  a  yellow  colour,  more  Aisible  than  copper,  and  not  so  apt  to 
tarnish.  Pore  brasi«  is  not  malTeable  unless  hot ;  when  cold  it 
will  break,  and  vrifl  not  bear  the  hammer  when  it  has  been 
twice  melted.  To  render  it  soft  and  pliable,  and  capable  of 
being  wrought,  seven  pounds  of  lead  are  added  to  an  hundred 
wei^t  of  brass.     It  is  peculiariy  adapted  for  wire,  being 


capable  of  great  extension,  and  is  much  used  in  watcb^work. 
Corinthian  brass,  so  famous  in  antiquity,  was  a  mixture  of  gold, 
silver,  and  copper.  Brass  colour  is  a  preparation  intended  to 
imitate  brass ;  of  which  there  are  two  sorts,  the  red  brass  or 
bronze,  and  the  yellow  or  gilt  brass ;  the  last  is  made  only  of 
copper  filings ;  with  the  former,  red  ochre,  finely  pnlverized, 
is  mixed,  but  both  are  used  with  rarnish.  The  appearance 
of  brass  is  given  to  other  metals,  by  washing  them  with  a 
yellow  lacquer  or  varnish,  much  to  the  detriment  of  the  manu- 
factured article. 

Gold  lacquer  for  brass-work  may  be  thus  made : — Put  an 
ounce  of  turmeric  powder,  two  drachms  of  anatto,  and  tvro  of 
saffron,  into  a  pint  of  alcohol,  shake  the  whole  occasionally 
during  a  week,  and  then  filter  it  into  a  dean  bottle.  Three 
ounces  of  clean  seed-lac  are  then  to  be  added,  and  the  bottle 
shook  occasionally  during  a  fortnight.  The  mixture  will  now 
be  a  fine  lacquer  for  brass,  which  will  give  that  metal  the 
appearance  of  burnished  gold.  In  using  it,  the  metal  should 
be  just  warmed,  and  the  varnish  be  laid  on  evenly  with  a 
brush,  passing  it  directly  across  the  work.  Small  articles  may 
be  dipped  in  the  lacquer. 

BREAD,  the  staff  of  life,  is  used  byaH  people  in  one  wnj  or 
another,  even  though  composed  of  materials  very  dissimilar. 
We  use  wheaten  bread ;  some  use  bread  made  of  oats,  others 
convert  dried  fish  into  meal  for  bread ;  and  nature  furnishes 
the  bread-fruit  tree  to  natives  of  the  South-Sea  islands. 

The  bread-fruit  tree  rrows  abundantly  on  the  Ladrone 
Islands.  In  the  Society  Islands  it  is  as  large  as  a  moderate 
sized  oak;  its  leaves  are  about  a  foot  and  a  half  long,  of  aa 
oval  shape,  like  those  of  the  fig-tree,  which  they  resemble  iq 
colour ;  and,  when  broken,  exude  a  milky  juice.  The  fruit  is 
shaped  like  a  heart,  and  grows  to  the  size  of  a  child's  head.  Its 
rind  is  thick,  green,  and  covered  with  excrescences.  The 
internal  part  of  the  rind  is  a  pulpy  substance,  full  of  twisted 
fibres ;  this  pulp  is  softer  towards  the  middle,  where  a  small 
cavity  is  formed,  containing  no  kernels  or  seeds.  It  aflbrds 
much  nourishment,  and  is  very  satisfying.  Its  taste  is  harsh, 
and  similar  to  potato-bread.  The  cassiva  bread  of  the  Ame- 
ricans is  made  from  a  species  of  starch  prepared  from  the  roots 
of  a  plant  They  are  peeled  and  pressed;  the  juice  vrhich 
exudes  is  a  deadly  poison,  used  by  the  Indians  to  poison  their 
arrows.  The  white  starch,  however,  which  is  deposited,  when 
properly  washed,  is  perfectly  innocent,  and  makes  bread. 

The  materials  of  which  loaf-bread  is  principally  made,  are  the 
seeds  of  farinaceous  vegetables,  as  wheat,  rye,  and  barley. 
Potatoes^  oats,  beans,  pease,  rice,  mai«e,  millet,  buck-wheat; 
&c.  contain  no  glnten,  and  cannot  be  made  into  bread  without 
a  certain  quantity  of  flour.  The  component  parts  of  wheaten, 
barley,  and  rye  flour,  are  starch,  gluten,  and  saccharine  mucilage. 
Fecula,  or  starch  of  wheaten  flour,  fofms-  tho  most  nutritive 
part  of  grain.  It  is  found  in  all  seeds,  and  is  very  abundant  in 
the  potato,  as  almost  all  the  root  consists  of  starch.  2.  Gluten, 
is  the  principal  substance  contained  in  wheaten  flour.  It  is 
necessary  for  the  production  of  good  light  bread  ;  the  quality 
of  the  bread  being  exactly  in  proportion  to  the  quantity  of  the 
gluten  contained  in  the  flour :  wheat  flour  alone  contains  it  in 
any  considerable  quantity.  Floor  could  not  be  made  into 
bread  without  gluten,  for  the  dough  rises  in  conseouence  of 
this  substance.  To  obtain  glnten,  you  put  a  handful  of  floor 
into  a  cloth,  pass  it  through  water,  and  press  it  with  the  hand; 
the  starch  or  fecula  passes  off,  and  this  elastic  substanoe 
remains.  Gluten  forms  one -fifth  part  of  bread -corn,  fer> 
ments  readily,  and  is  soluble  in  acids,  but  not  in  water. 
3.  Saccharine  mucilage  is  soluble  in  cold  water,  and  separable 
fVom  it  by  evaporation.  The  saccharine  part  may  be  converted 
into  an  ardent  spirit,  but  the  mucilage  in  bread  that  has  been 
kept  some  time,  tends  to  acidity,  and  becomes  mouldy.  There 
are  three  general  methods  of  making  bread,  and  these  we  will 
now  illustrate: — I.  Unleavened  bread  is  made  of  flour  mixed 
with  water.  The  sea  and  other  biscuits,  the  Jews'  passover 
cidce,  the  oaten  and  barley  bread  of  Scotland,  are  of  this 
nature.  2.  Leavened  bread,  mentioned  in  the  Jewish  history, 
has  been  known  to  mankind  from  the  earliest  age  of  society. 
It  is  thus  made :  A  portion  of  dough  is  left  till  it  ferments,  or 
becomes  sour.  This  is  mixed  with  other  dough,  and  csuses  it 
to  rise ;  carbonic  acid  gas  is  thrown  out,  a  vinous  smell  is 
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vceiTed ;  and  an  active  fenneDtation  %oeH  on.  3.  Bread 
ide  m'ith  jrast,  or  family  bread,  is  thus  made.  To  half  a 
lahel  of  whraten  flour  add  six  or  eight  ounces  of  salt,  a  pint 
vemst,  and  six  qu.irts  of  water.  Mix  the  whole  toi;ether, 
id  cu\er  it  up  with  a  blanket;  this  operation  is  called  setting 
e  sponi;e:  flour  must  then  be  added,  and  the  mass  kneaded 
lit  attain  a  proper  consistency.  It  must  then  stand  for  four 
fivt*  hours,  till  it  rises  properly,  and  afterwards  you  put  it 
to  the  oven. 

A  sack  of  floor  contains  about  280  Iba.  and  will  make  eipchty 
lartera  loaves,  allowinfi;  three  and  a  half  pounds  of  flour  fur 
Mck.  Before  the  loaf  goes  into  the  oven  it  weighs  I  lbs.  15  oe. 
m.  Umca  nine  or  ten  ounces  in  baking.  In  each  loaf  bakers 
wmJly  pot  two  ounces  of  alum,  though  this  is  pruhibitetl  by 
V.  The  alum  binds  the  bread,  and  makes  it  more  compact, 
It  then  it  \*  less  wholesome ;  and  it  also  whitens  old  flour, 
rsiclcs  the  bread  just  described,  there  are  wheaten  and  house- 
iM  bread.  The  former  is  made  of  flour,  with  a  mixture  of  the 
■er  bran ;  tlie  latter  of  the  wholo  substance  of  the  grain, 
ithout  cither  taking  out  the  coarse  bran  or  the  fine  flour. 
Frrnch  bread  is  made  by  adding  ten  eggs,  and  a  pound  and 
half  uf  fresh  butter,  and  as  much  yeast,  to  half  a  bushel  of 
Be  dour.  The  whole  mass  is  tempered  with  new  milk,  warmed 
tvetty  hot ;  after  being  allowed  half  an  hour  to  rise,  it  is  made 
nio  loaves,  or  rolls,  and  is  washed  over  with  an  efCf^  beaten 
rtth  milk ;  the  oven  is  of  a  gentle  heat.  Bread  is  highly  nutri- 
aoas.  And  since,  among  the  animal  fluids  the  saliva  is  essen- 
ially  necessary,  dry  food  should  be  used  as  a  stimulus  to  draw 
C  forth:  thence  we  eat  bread  with  meat.  Bread  blends  the  oil 
hmiA  water  of  food  in  the  stomach,  which  it  stimulates ;  and  it 
*  pfruliarly  proper  for  that  purpose,  being  bulky  without  too 
^Mwh  solidity,  and  firm  without  difliculty  of  solution. 

BRRAkWATEU,  a  sort  of  small  buoy  fastened  to  a  large 

oar.  «hen  the  buoy-rope  of  the  latter  is  not  long  enough  to 

rc&i'b  to  the  surface  of  the  water ;  and  thereby  to  shew  where 

thr  large  buoy  swims.    Breakwater  signifies  also  the  hull  of  an 

M  ihip  sunk  at  the  entrance  of  a  small  harbour,  to  break  olf 

or  diminish  the  force  of  the  waves  as  they  advance  towards  the 

vMsds  moored  within.    The  great  Breakwater  across  the  bay 

of  Plymouth,  whioh  has  been  gdiog  on  for  years,  and  is  not  yet 

ittsked,  is  the  greatest  of  the  kind  ever  undertaken  in  the 

UiCdom.    The  exposed  situation  of  the  sound  has  been  long 

ud  severely  felt  as  an  extreme  inconvenience  in  the  harbour, 

ud  it  was  at  last  determined  to  oppose,  if  possible,  some  bar- 

nirtothe  heavy  swell  which  is  here  almost  continually  rolling 

IB  from  the  Atlantic.    The  plan  at  last  adopted,  with  the  advice 

•>f  the  most  experienced  engineers,  men  of  science,  and  naval 

''Seers,  W.1S,  to  construct  at  8t.  Carlos  rocks,  about  three  miles 

MQth  of  Plymouth,  a  niole,  or  vast  heap  of  stones,  in  the  mid- 

^^  nf  the  s<»uiid.  stretching  across  its  entrance,  occupying 

Marly  half  of  its  width,  and  leaving  a  free  passage  for  vessels, 

^b  00  the  eastern  and  western  shores.    The  whole  expense 

vair»timated  at  1*1. 171. KM.   tir.  £1.0.11  ,'>(H)  for  the  mole  or 

^frakvater.  and  i:119,WN>  for  a  pier  along  the  top,  with  light- 

^ont%.     It  was  proposed,  that  the  breakwater  should  begin 

^fert  on  the  eastward  of  St.  Carlos  rocks,  and  extend  IHOO 

'^i  wr<it  of  the  Shovel  rock;  the  whole  length  to  be   17(K) 

}^fii,  or  very   nearly  a  mile.  401M>  feet  in  the  middle  being 

^Bile  straight,  and  the  two  extremities  having  a  slope  up  the 

>J«ii<l.    It  was  estimated,  that  2.cXM),tKX)  tons  of  stone  would 

^'rqiiired  to  finish  it ;  and  it  was  advised  to  heap  them  pro- 

■ucuously  together  in  lur:;e  blocks,  not  less  than  1^  or  2  tons 

*ncbt  each,  leaviug  them  to  find  their  own  base  and  position. 

^brrr  the  water   ^as  :U>  feet  deep,  the  dimensions  uf  the 

''•'Uwater  were  to  be  4<)  feet  hi;ch.  30  feet  across  the  top,  and 

*'i»ffrt  wide  at  the  foundation.    The  work  was  begun  in  1812; 

*^  firtt  stone  was  sunk  on  the  12th  of  .Vugust;  and  on  the  .31st 

^•irih.  IsKi.  the  building  began  to  make  its  appearance  above 

'  '  turfiir**  r»f  low  water  at  spring  tides.     The  stones  were 

'inrriei!  from  a  niek  of  limestone  or  gray  marble,  purchased 

f'^atbr   Ihike  of  Bedford  fur   IMO.OIM),  and  situated  on  the 

'  Mtrm  shore  of  Calwater.     More  than  fifty  vessels,  of  peculiar 

instruction,  wen*  employed  in  carrying   the   stones  to   the 

^■•rV.  miiiy  of  w  hich  were  five  tons  anil  upwards  each.     On  the 

v^'>>.  ihi4  ereat  work  has  been  conducted  with  much  skill  and 

i«'7ri«iu;  despatch,  and  the  result  has  fully  answered  the  ex- 


pectations of  its  projectors.  At  the  end  of  the  se eond  year, 
the  swell  was  bo  much  broken,  that  ships  of  all  siseg  ran  in, 
and  anchored  with  confidence  behind  the  brenkwater.  Since 
that  time  200  sail  of  vessels  of  every  description  have  here  found 
shelter,  and  2r>  or  30  sail  of  the  line  may  now  ride  here  at  all 
times,  in  security.  The  Eddystune  lighthouse  is  an  important 
appendage  to  the  harbour,  without  which  the  entrance  to  the 
harbour  would  he  extremely  dangerous.     •Sre  Ei»nYSTONC. 

BREAMING,  burning  olT  the  tilth,  such  as  grass,  oose, 
shells,  or  sea-weed,  from  the  ship's  bottom,  which  it  has  con- 
tracted by  lying  long  in  harlmur;  it  is  performed  by  holding 
kindled  furse,  faggots,  or  reeds,  to  the  bottom,  which,  by  melt- 
ing the  pitch  that  formerly  covered  it,  loosens  whatever  filth 
may  have  adhered  to  the  planks ;  the  bottom  is  then  covered 
anew  with  a  composition  of  sulphur,  tallow,  &e.  which  not  only 
makes  it  smooth  and  slippery,  so  as  to  di\ide  the  fluid  more 
readily,  but  also  poisons  and  destroys  those  worms  which  eat 
through  the  planks  in  the  course  of  a  voyage.  This  operation 
may  be  performed  either  by  laying  the  ship  aground  after  the 
tide  has  ebbed  from  her,  or  by  docking,  or  careening. 

BU EW I NG.  Brewing  is  a  very  ancient  domestic  art. 
Before  the  malt  is  used  it  must  be  bruised  between  rollers : 
and  .soft  water  is  used  for  mashing  and  I'ermentation.  Tlie  first 
step  in  brewing  is  mashing.  This  is  done  in  a  tub  furnished 
with  a  false  bottom,  pierced  with  holes,  and  moveable,  or  fixed 
a  few  inches  above  the  real  bottom.  There  are  two  side-open* 
ingt  between  the  two ;  to  one  is  fixed  a  pipe  to  convey  water 
into  the  tun,  and  the  other  is  used  fur  drawing  the  litfuor  out. 
The  malt  is  to  be  strewed  over  the  false  bottom,  and  a  proper 
quantity  of  water  let  in  from  the  upper  copper ;  after  whioh, 
the  mass  is  beaten  by  poles,  or  a  machine  like  a  rake  or  har- 
row, and  mo%'eable  on  a  perpendicular  beam,  with  transverse 
arms  for  the  rakes.  When  the  mashing  is  eomplete<l,  the  tun 
is  covered  to  prevent  the  escape  of  the  heat,  and  the  whole  is 
suflered  to  stand,  that  the  insoluble  parts  may  separate  from 
the  liquor ;  the  side-hole  is  then  opened,  and  the  clear  wort 
discharged  into  the  lower  copper.  The  most  eligible  tempera- 
ture in  mashing  is  from  1H5  to  1(10  degrees,  but  for  the  first 
mashing  the  heat  of  the  water  must  be  leu,  and  so  in  propor- 
tion to  the  dark  colour  of  the  malt. 

The  wort  uf  the  first  mashing  is  always  the  richest  in  saccha- 
rine matter;  bat  to  exhaust  the  malt,  a  second  and  third  mash- 
ing are  requisite.^  Thirty  gallons  may  be  drawn  from  each 
bushel  of  malt,  for  sound  small  beer;  six  and  a  half  gallons 
only  for  strong  ale.  Every  bushel  of  malt  absorbs,  or  retains, 
about  three  and  a  half  gallons  of  water.  The  next  process  is 
boiling  and  hopping;  if  only  one  kind  of  liquor  is  to  be  made, 
the  produce  of  the  three  mashings  should  be  mixed ;  if  both 
ale  and  table-beer  are  required,  the  wort  of  the  first,  or  first  and 
second  mashings,  is  for  the  ale,  and  the  remainder  for  the  beer. 
The  wort  intended  for  the  same  liquor,  after  it  comes  from  the 
tun,  in  put  into  the  lower  copper,  and  mixed  with  a  proportion 
of  hops;  and  the  better  the  wort,  the  greater  the  qnantity  of 
hops  will  be  wanted.  Hops  contain  gallio  acid  and  tanning 
matter,  and  deprive  the  sweet  wort  of  the  mucilage,  which 
occasions  the  beer  to  keep  without  turning  sour.  After  the 
hops  have  been  mixed  with  the  wort  in  the  copper,  the  liquor 
is  made  to  boil  as  fast  as  possible,  when  it  is  discharged  into 
shallow  tubs,  called  coolers,  where  it  remains  till  it  is  cool 
enough  to  undergo  fermentation. 

From  the  coolers  the  liquor  is  transferred  to  the  workimr 
tun,  and  with  it  is  mixed  a  gallon  of  yeast  to  four  barrets  of 
beer.  In  four  or  five  hours  the  fermentation  commence*,  but  it 
requires  from  IH  to  4M  hours  before  the  wort  is  fit  to  be  bar- 
relled. The  fermentation  still  goes  on  in  the  barrels,  and  in  a 
few  days  a  copious  discharge  of  3 east  takes  place  from  the 
bung-hole,  and  the  greater  portion  of  gluten  is  disengaged.  In 
brewing,  the  gluten  is  not  wanted,  but  in  bread  is  indispen- 
sable, and  alone  renders  it  fit  for  use.  Care  must  be  taken  to 
fill  up  the  barrel  every  day  with  fresh  liquor :  this  diiicharge 
lessens  daily,  and  ends  entirely  in  about  a  we«-k,  when  the 
bung-hole  is  closed,  and  the  liquor  is  fit  for  use,  after  standing 

*  Rrewrri  n»«  s  wacchroBieter  t»  aMPiiain  the  i^AodarM  of  the  wort. 
Th'n  infttrament  u  a  kind  of  bydmniHrr.  and  fthew*  Ihv  ■prciftc  ffraiitj  •# 
iht  wori,  rather  tbas  lb*  exaei  qaaDtii|  of  aaocbariec  aattcr  costaiaad  ia  it. 
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from  a  fortnight  to  three  months,  according  to  its  strength,  and 
the  temperature  at  which  it  has  been  fermented.  The  fining 
of  the  beer  is  done  by  the  use  of  isinglass.  But  drugs  are 
sometimes  used,  to  give  a  narcotic  and  stupefying  power  to  the 
beer. 

Ale,  a  fermented  liquor  extracted  from  malt,  has  a  less  pro- 
portion of  hops  than  beer.  It  was  first  made  in  Egypt  as  a 
substitute  for  wine,  and  was  a  favourite  drink  vrith  the  Anglo- 
Saxons  and  Danes.  Pale  ale  is  accounted  more  wholesome 
than  brown  ale,  because  it  is  brewed  from  malt  slightly 
roasted,  while  the  latter  is  made  of  drier  malt. 

To  make  malt,  barley  is  steeped  in  cold  water,  not  less  than 
40  hours.  When  it  is  sufficiently  steeped,  the  water  is  drained 
off,  and  the  barley  spread  upon  the  malt  floor,  where  it  is 
formed  into  a  rectangular  heap,  about  16  inches  deep.  In  this 
state  it  remains  about  26  hours.  It  is  then  turned  with 
wooden  shovels,  and  diminished  in  depth :  this  is  repeated 
twice  or  thrice  a  day,  and  the  grain  is  constantly  spread,  till  its 
depth  does  not  exceed  a  few  inches.  On  the  couch  it  absorbs 
oxygen  from  the  atmosphere,  which  it  converts  into  carbonic 
acid ;  the  temperature  gradually  increases,  and  in  four  days 
the  grain,  now  ten  degrees  hotter  than  the  atmosphere,  be- 
comes moist,  and  exhales  an  agreeable  odour :  this  is  termed 
the  sweating.  The  maltster  must  keep  the  temperature  from 
becoming  excessive,  by  turning.  At  the  period  of  sweating,  the 
roots  of  the  grains  appear.  In  one  day  after  the  sprouting  of 
the  roots,  the  rudiments  of  the  future  stem,  called  the  acrospire, 
may  be  seen  to  lengthen.  As  it  shoots  along  the  grain,  the 
mealy  part  undergoes  a  considerable  change :  the  glutinous 
and  mucilaginous  matter  is  taken  up  and  removed,  the  colour 
becomes  white,  and  the  texture  so  loose  that  it  cnimbles  to 
powder  between  the  fingers.  When  the  acrospire  has  come 
nearly  to  the  end  of  the  seed,  the  process  is  stopped  by  drying 
the  malt  upon  a  kiln.  It  is  then  cleaned.  When*  the  grain  is 
dried  gradually,  or  in  the  sun,  it  is  called  air-dried  malt;  or 
when  quickly,  by  the  heat  of  a  stove,  kiln-dried ;  the  latter 
being  charred  partially,  is  brown,  more  or  less  intense,  and 
contains  less  fermentable  matter  than  the  air-dried,  or  pale 
malt.    Burnt  sugar  is  frequently  used  to  colour  beer. 

BRIDGE,  an  artificial  mode  of  conveyance  from  one  part  of 
space  to  another,  the  intermediate  part  being  either  impass- 
able, or  difficult,  or  otherwise  of  inconvenient  access.  Among 
the  ancients,  the  Greeks  borrowed,  with  their  science,  their 
knowledge  of  architecture,  and  consequently  of  bridge-making, 
from  the  Asiatics ;  and  of  these  last,  the  Chinese  attained  a 
degree  of  perfection  which  neither  Greece  nor  Rome  could 
boast.  From  time  immemorial,  chain  bridges  have  passed 
from  acclivity  to  acclivity,  a  distance  in  some  instances  of 
600  feet,  the  height  of  the  arch  being  750  feet ;  and  this  in  one 
span ! 

The  bridge  (of  wood  or  boats)  that  Darius  built  over  the 
Propontis,  or  the  Dardanelles,  to  pass  from  Asia  into  Europe, 
.surpasses  all  the  modern  military  bridges.  But  this  is  outdone 
by  the  bridge  of  Trajan  over  the  Danube,  which  one  cannot 
sufficiently  admire ;  for  though  all  the  works  of  this  emperor 
were  magnificent,  yet  this  structure,  4770  feet  long,  supported 
by  twenty  piers  of  square  stone,  each  pier  150  feet  high  above 
the  foundation,  60  feet  in  breadth,  and  170  feet  from  each 
other,  does  equal  honour  to  the  wise  policy  of  the  Roman,  and 
his  eastern  architect,  Apollodorus  of  Damascus. 

Among  the  moderns,  Belidor,  an  engineer,  directs  that  the 
piers  be  one-fifth,  or  at  least  one-sixth,  of  the  opening ;  and  the 
arch  stones  ^th  part  of  the  opening:  in  general,  that  the  pier 
ought  to  be  of  that  strength,  that  it  will  support  its  arch  as  an 
abutment ;  which,  by  practice,  he  finds  to  be  one-fifth  or  one- 
sixth  ;  but  gives  as  a  rule,  one-sixth  and  two  feet  more.    For 

36 
example,  an  arch  of  36  feet  should  have  a  pier  of -^  -f  2  = 

8  feet.  In  an  arch  of  72  he  makes  the  pier  14  feet,  viz,  two 
feet  more  than  one-sixth. 

Gautier,  another  engineer,  differs  only  from  Belidor  as  to 
the  length  of  the  arch  stones  ;  which  in  arches  of  24  feet  ought 
to  be  2  feet;  if  45,  3  feet;  if  60,  4  feet;  if  75,  5  feet;  if  96, 
6  feet,  when  the  stone  is  of  a  durable  material ;  but  of  greater 
dimensions,  when  the  stone  is  soft,  and  easily  decomposed  : 


and  an  arch  stone  of  6  feet,  of  durable  material,  will  sq 
an  arch  of  150,  or  even  200  feet  See, in  the  $equel,  A  T 
the  Thickness  of  Bridges, 

London  Bridge,  (see  Plate,  Bridges,)  planned  by.F 
Collcburch,  a  priest,  has  its  piers  much  stronger,  beii 
than  half  the  opening;  the  piers  being  from  25  to  ; 
18  in  number,  the  width  of  the  river  being  only  dOO  feel 
bridge  is  now  being  supplanted  by  a  more  capacious  sti 
which  has  this  year,  1824,  been  begun  to  be  built ;  and  o 
we  shall  speak  in  the  close  of  this  article. 

The  piers  of  Westminster  Bridge,  (see  Plate,  Bridge 
17  feet,  the  breadth  of  thcTiver  1223  feet,  the  arches  a 
cular ;  the  spring  commencing  about  two  feet  above  \m% 
mark.  There  are  thirteen  large  and  two  smaller  ardi 
centre  arch  is  76  feet  span,  and  the  others  decrease  < 
side  by  four  feet.  The  passage  for  carriages  is  of  yetj 
ascent,  the  rise  being  30  feet  in  a  distance  of  611*5  mc 
whole  width  is  44  feet,  and  ledges,  balustrades,  aii^ 
octagon  recesses,  or  towers,  with  the  well-paved  footpv 
this  bridge  an  elegant  appearance. 

Blachfriars*  Bridge,  (see  Plate,  Bridges,)  has  ellipticid 
and  no  precaution  was  neglected  that  could  contrl 
its  strength,  or  give  addition  to  its  elegance.  In  the 
arch,  which  is  of  100  feet  span,  the  flat  part  of  the 
described  with  a  radius  of  about  57  feet;  the  lesser  oil 
either  side  being  35f ,  or  36  nearly.  This  small  arch 
tinned  below  its  diameter,  till  its  chord,  as  in  the  a 
figures,  become  16  feet  nearly,  and  its  versed  sine  5  feet 

which  gives  it  the  degree  of 
alluded  to ;  and  which  -is  i 
being  disagreeable  to  tl 
The  shoulders  are  compact 
with  ruble  work,  the  bed  i 
row  tending  to  the  centre 
arch.  To  the  height  to  wl 
arch  can  be  raised  without 
porting  frame,  an  invertec 
circle  is  drawn,  the  conve 
the  arch  resting  upon  this  ruble  work,  which  is  for 
Kentish  rag;  but  other  hard  stone  will  equally  well  ansv 
purpose,  as  that  cannot  be  every  where  procured,  f 
verted  arch  answers  two  purposes ;  it  prevents  this  rubl 
raised  by  any  lateral  pressure,  and  makes  those  parts 
arch  which  form  the  greatest  lateral  pressure,  abut  upi 
other :  hence  there  is  little  or  no  lateral  pressure  upon  t 
The  bridge  of  Burton-on-Trent  is  the  longest  in  J 
being  1545  feet,  supported  on  34  arches :  the  most  stop 
in  Europe,  that  over  the  Tave  in  Glamorganshire,  const 
only  one  arch,  the  segment  of  a  circle  whose  diametei 
feet ;  the  chord  of  the  segment,  or  span  of  the  arch,  1< 
the  height  or  vertical  sine  35  feet ;  the  abutments  32  fe* 
architect  was  William  Edward,  a  country  mason :  it  wi 
in  1756. 

The  Rialto  at  Venice,  built  by  Michael  Angelo,  is  re 
a  masterpiece  of  art,  on  account  of  its  flatness  and 
being  98|  feet  span,  and  23  feet  only  above  the  water;  I 
is  far  outdone  by  many  bridges  of  modern  erection. 

Wooden  Bridges,  Where  stone  bridges  cannot  be  const 
on  account  of  expense,  or  other  causes,  very  durable  on 
be  formed  of  wood :  all  the  parts  ought  to  press  on  one  i 
like  the  arch  of  a  stone  bridge ;  and  thus,  instead  oi 
weakened  by  great  weights  passing  over  them,  they  will  1 
the  stronger.  How  this  is  to  be  eifected,  will  be  best 
stood  from  the  annexed  figure. 


J8. 


Chord. 
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each  may  bare  a  nidder,  the  tillers  of  all  the  mdders  movios 
at  the  same  angle.  As  the  stieani  is  narrow  or  nide,  the  aui- 
pension  rope  niaj  be  ahorleDcd  or  leadened  b;  the  windlass. 
Such  bridges  will  ferrj  over  cavalry  or  infantry ;  bat  to  become 
defensible  bj  matnal  support  and  aogmented  strength,  seTcral 
avch  bridge!,  at  conTcnient  diitances,  are  laanched  and 
moored.  A B,  CD,  (in  the  following  fljcure,)  are  two  long 
.....    «^  KL,(       —  ■ '     ■ 


boats  which  sapport  Ihe  bridge ;  G  B,  K  L,  two  masts  joined 


at  their  tops  by  traTerte  beams,  and  a  centnd  arch  supported 
in  a  vertical  position,  by  two  pair  of  abroods  and  two  chains, 
L  N  and  H  R.  M  is  a  horse,  or  cross  piece,  upon  which  the 
cable  U  F,  tf,  rests ;  the  nsc  of  this  has  been  explained  abore. 
The  bnoys  are  «,/.  E  windlass,  a,  6,  radders.  A  B,  C  D,  two 
portions  of  bridges  of  boats  fastened  to  the  bankj  on  eacb  side 
of  the  stream,  uul  between  which  the  bridge  traverses.  The 
annexed  Bfue  is  a  giaand  plan  of  the  mow  bridge.    K,  Q, 


YuK  Fort  and  Aft. 


windlass  :  H,  the  horse  ;  B,  N,  H,  F,  the  cable.  Hg.  3,  is 
an  elevation  of  the  binder  part  of  the  bridge  or  stem ;  a,  i,  the 
two  boats  ;  Q  H,  K  L,  the  (wo  masts  i  H  L,  the  upper  tiaverae 
beam ;  p  q,  the  lower  traverse  beam,  over  which  the  cable 
passes,  and  occasionally  slides  from  one  mast  to  the  other; 
and  must  on  that  account  be  kept  well  gresised.  p  k,  gg, 
shronds ;  M  the  cross  piece  over  which  the  cable  pasaea  to  the 
windlass. 

The  Btuktn  Bridge,  made  of  bundles  of  mshM,  HTvei  tn 
afford  a  passage  over  marshy  gronnd.  And  bridgra  of  casks, 
bottles,  bladders,  and  bnoys  made  of  skins,  do  weU  for  trans- 
porting individuals,  or  even  troops,  as  portable  maeUaas. 

The  Draw  Bridge,  made  after  the  manner  of  a  float,  to  draw 
up  or  let  down,  as  oocasions  serve,  before  Ihe  gate  of  a  town  or 
castle,  may  be  made  after  several  different  ways ;  bnt  the  moat 
common  aro  made  with  plyers  twice  the  length  of  the  gate,  and 
a  foot  diameter.  The  inner  s^ace  is  traversed  with  a  crosi, 
which  serves  for  a  connterpoue,  and  the  chains  which  ban; 
from  the  extremities  of  the  plyers,  to  lift  np  or  let  dovni  the 
bridge,  are  of  iron  oi  brass.  Snoh  bridges  we  have  seen  «t 
Stirhog  and  Bdinbnrgh  castles,  at  Ihe  Tower  of  London,  at  the 
castle  of  Vinceones,  and  many  other  regnlariy  fortified  places. 
In  navigable  rivets  it  is  sometimes  necessary  to  make  the  mid- 
dle arch  of  bridges  with  two  moveable  platforms,  to  be  raised 
occasionally,  in  order  to  let  the  masts  and  rigging  of  ships  pasi 
UiToagh  this  kind  of  drawbridge.  A  B  (in  the  following  figure) 
represents  the  middle  of  the  arch  ;  A  L  and  B  L  the  two  piers 
that  support  the  drawbridge,  N  O,  one  of  the  platfonns  of 
which  is  raised  and  the  other  let  down,  having  the  beam  P  Q 


Q^t-f4-^ 

Pi  n 

D D    |P 

for  i: 

BH,  Bfi.  which  resting  on  the  support  E,  press  against  the 
bracket  M,  and  thereby  strengtben  the  draw  bridge.  These 
braces  are  condacled  to  the  rest  by  means  of  the  weight  S 
pulling  the  chain  S  LP. 

It  will  now  be  necessary  to  proceed  with  those  details  upon 
which  the  practical  construction  of  bridges  depends  ;  and  we 
will  therefore  lay  down  Belidor's  Table  for  the  thickneas  of 
their  piers,  agreeably  to  what  has  been  said  above,  on  the  rela- 
tive proportions  between  the  span  of  the  arch  and  the  IhickDesi 
and  height  of  the  piers. 

Tbe  first  hcriEontal  line  expresses  the  height  of  the  pien  in 
feet,  from  6  to  24  feet,  eacb  increasing  by  3.  Tbe  first  vertical 
column,  the  width  of  the  arches  from  30  to  100  feet,  for  evety 
five  feet.  The  other  columns  express  the  thickness  of  piers  is 
feet  and  deoimals,  according  to  the  respeoUve  height  at  the 
bead  of  the  columns,  and  the  width  of  the  arch  against  it  in  the 
first  column.  Thus,  #.^.  let  the  width  of  the  arch  be  60  feet, 
and  tbe  height  of  the  piers  12,  then  the  namber  12'7I8  ondei 
12.  and  against  60,  expresses  the  thickness  of  Uie  piers,  i.  a. 
13  feet  fl  inches  ftths.  The  length  of  the  key-stcne  in  an  arch 
of  30  feet  wide,  is  3  feet ;  3,  4,  6,  6  feet  in  an  aroh  of  45,  00, 
7fi.  90. 

As  this  table  contains  the  thickness  of  the  piers  in  respect 
to  arches  that  are  commonly  used  in  practice,  we  imagine  it 
would  be  needless  to  carry  on  the  table  fnrthcr;  because  Ac 
difference  between  the  thickness  of  the  piers  of  any  two  con- 
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one  of  the  piers  at  the  middle  or  great  arch  was  to  be,  the 
workmen  drove  piles  of  about  13  or  14  inches  square,  and  34 
feet  long,  shod  with  iron,  so  as  to  enter  inter  the  gravel  with 
more  ease,  and  hooped  above,  to  prevent  their  splitting  in 
driving  them  home.  These  piles  were  driven  from  13  to  14 
feet  below  the  bed  of  the  river,  and  7  feet  distant  from  each 
other,  parallel  to  the  short  ends  of  the  pier,  and  aboat  30  feet 
distant  from  them.  The  number  of  these  piles  was  34,  and 
their  intent  was,  to  prevent  any  vessels  or  barges  from  ap- 
proaching the  work ;  and  in  order  to  hinder  boats  from  passing 
between  them,  booms  were  placed  so  as  to  rise  and  fall  with 
the  water. 

At  this  stage  of  the  work,  the  ballast-men  dog  the  foundation 
under  the  water,  of  about  6  feet  deep,  and  5  wider  all  round 
than  the  intended  coffer  was  to  be,  with  an  easy  slope,  to 
prevent  the  ground  from  falling  in.  In  order  to  prevent  the 
current  from  washing  the  sand  into  the  pit,  short  grooved  piles 
were  driven  before  the  two  ends,  and  part  of  the  sides,  about 
4  feet  higher  than  low-water  mark,  and  ^15  feet  distant  from  the 
coffer:  between  these  piles,  rows  of  boards  were  let  into  the 
grooves  down  to  the  bed  of  the  river,  and  fixed  there. 

The  bottom  of  the  coffer  was  made  of  a  strong  grating,  con- 
sisting of  two  rows  of  large  iimbers,  the  one  longways,  and 
the  oUier  crossways,  bolted  together  with  wooden  trunnels  ten 
feet  wider  than  the  intended  foundation.  The  sides  of  the  coffer 
were  made  with  fir  timbers  laid  horizontally  close  one  over 
another,  pinned  with  oaken  trunnels,  and  framed  together  at 
the  corners,  excepting  at  the  two  protruding  angles,  where 
they  were  secured  with  iron,  so  that  the  one  half  might  be 
loosened  from  the  other,  if  it  should  be  thought  necessary : 
these  sides  were  lined  on  the  inside,  as  well  as  on  the  outside, 
with  three-inch  planks  placed  vertically ;  the  thickness  of  those 
sides  was  18  inches  at  the  bottom,  reduced  to  15  above,  and 
they  were  16  feet  high;  besides,  knee-timber«  were  bolted  at 
the  angles,  to  secure  them  in  the  strongest  manner.  The  sides 
were  fastened  to  the  bottom  by  28  pieces  of  timber  on  the  out- 
side, and  1 8  within,  called  straps,  about  8  inches  broad  and  3  or 
4  inches  thick,  reaching  and  lapping  over  the  ends  of  the  sides. 
The  lower  part  of  these  straps  had  one  side  cut  dove-tail 
fashion,  to  fit  mortises  made  near  the  edge  of  the  bottom,  and 
were  kept  in  their  places  bv  iron  wedges  ;  which  being  driven 
out  when  the  sides  were  taken  away,  gave  liberty  to  clear  the 
straps  from  the  mortises. 

Before  the  coffer  was  launched,  the  foundation  was  ex- 
amined, to  know  whether  it  was  level;  for  which  purpose 
several  gauges  were  made,  each  of  which  consisted  of  a  stone 
of  about  15  inches  square  and  3  thick,  with  a  wooden  pole  in 
the  middle,  of  about  18  feet  long.  The  foundation  being 
levelled,  and  the  coffer  fixed  directly  over  the  place  with 
cables  fastened  to  the  adjacent  piles,  the  masons  laid  the  first 
course  of  stones  for  the  foundation  within  it;  which  being 
finished,  a  sluice  made  near  the  side  was  opened  at  low  water, 
on  which  the  coffer  sunk  to  the  bottom ;  and  if  it  did  not  set 
level,  the  sluice  was  shut,  and  the  water  pumped  out,  so  as  to 
make  it  float  till  the  foundation  was  levelled :  then  the  masons 
cramped  the  stones  of  the  first  course,  and  laid  a  second, 
which  being  likewise  cramped,  a  third  course  was  laid :  then 
the  sluice  being  opened  again,  proper  care  was  taken  that  the 
coffer  should  settle  in  its  doe  place.  The  stone  work  being 
thus  raised  to  within  two  feet  of  the  common  low-water  mark, 
about  two  hours  before  low  water  the  sluice  was  shut,  and  the 
water  pumped  out,  so  far  as  that  the  masons  could  lay  the 
next  course  of  stone,  which  they  continued  to  do,  till  the  water 
was  risen  so  high  as  to  make  it  unsafe  to  proceed  any  furthe<  ; 
then  they  left  off  the  work,  and  opened  the  sluice  to  let  in  the 
water.  Thus  they  continued  to  work  night  and  day,  at  low 
water,  till  they  had  carried  their  work  some  feet  higher  than 
the  low-water  mark ;  after  this,  the  sides  of  the  coffer  were 
loosened  from  the  bottom,  which  made  them  float,  and  then 
were  carried  ashore  to  be  fixed  to  another  bottom,  in  order  to 
serve  for  another  pier.  It  must  be  observed,  that  the  coffer 
being  no  higher  than  16  feet,  which  is  equal  to  the  greatest 
depth  of  water,  and  the  foundation  being  6  feet  under  the  bed 
of  the  river,  the  coffer  was  therefore  6  feet  under  water  when 
the  tide  was  in ;  but  being  loaded  with  three  courses  of  stones, 
ftnd  well  secured  with  ropes  fastened  to  the  piles,  it  could  not 


move  from  its  place.  By  making  it  no  higher,  much  labour 
and  expense  were  ^saved ;  yet  it  answered  the  intent  fully  as 
well  as  if  it  had  been  high  enough  to  reach  above  the  highest 
flood. 

The  pier  being  thus  carried  on  above  low«water  mark,  the 
masons  finished  the  rest  of  it  during  the  intervals  of  the  tides 
in  the  usual  way  ;  and  after  all  the  piers  and  abutments  were 
finished  in  like  manner,  the  arches  were  begun  and  completed 
as  mentioned  before.  The  whole  bridge  was  built  in  about 
seven  years,  without  any  accidents  happening  either  in  the 
work,  or  to  the  workmen. 

Materials  employed, — All  the  piers  were  built  with  solid 
Portland  stone,  some  of  which  weighed  four  tons.  The  arch 
stones  were  likewise  of  the  same  sort ;  but  the  rest  of  the 
masonry  was  finished  with  Kentish  rag-stones,  and  the  paths 
for  foot  passengers,  were  paved  with  Purbec,  which  is  the 
hardest  stone  to  be  had  in  England,  except  granite,  called 
otherwise  Plymouth  marble. 

This  Method  sometimes  impracticable. — This  method  cannot  be 
used  in  many  cases ;  as  where  the  foundation  is  so  bad  as  not 
to  be  depended  upon  without  being  piled,  or  the  depth  of  water 
is  very  great,  with  a  strong  current  and  no  tide.  For  if  piles 
are  used,  it  wifl  be  impossible  to  cut  them  off  in  the  same  level 
five  or  RiK  feet  below  the  bed  of  the  river ;  and  if  this  is  not 
done,  the  grating  or  bottom  of  the  coffer  will  not  be  equally 
supported,  whereby  the  foundation  becomes  precarious.  In  a 
great  depth  of  water,  having  a  strong  current  and  no  tide,  the 
coffer  must  reasb  above  the  water,  which  makes  this  process 
expensive,  unwieldy,  and  difficult  of  execution  ;  so  that  there  is 
no  probability  of  using  it  in  such  a  case. 

The  Russian  Method. — In  some  cases,  where  there  is  great 
depth  of  water,  and  the  bed  of  the  river  tolerably  level,  or 
where  it  can  be  made  so  by  any  contrivance,  a  strong  frame  of 
timber,  four  times  as  large  as  the  base  of  the  piers,  may  be 
let  down  with  stones  upon  it,  round  the  edges,  to  make  it  sink. 
After  fixing  it  level,  piles  must  be  driven  aboat  it  to  keep  it  in 
its  place,  and  the  foundation  laid  in  coffers  as  before,  which 
are  kept  steady  by  ropes  tied  to  the  piles.  This  method  has 
frequently  been  practised  in  Russia ;  and  though  the  bed  oi 
the  river  is  not  solid,  yet  such  a  grating,  when  once  settled 
with  the  weight  of  the  pier  upon  it,  will  be  as  firm  as  if  piles 
had  been  driven  under  the  foundation ;  but  to  prevent  the  water 
from  gulling  under  the  foundation,  and  to  secure  it  against 
all  accidents,  a  row  of  dove-tail  piles  must  be  driven  quite 
round  the  grating.  This  precaution  being  taken,  the  foundation 
will  be  as  secure  as  any  that  can  be  made. 

The  French  Method. — The  French  engineers  use  another 
method  in  raising  the  foundations  of  masonry  under  water, 
which  is,  to  drive  a  row  of  piles  round  the  intended  place, 
nearer  to,  or  farther  from,  each  other,  according  as  the  water 
is  more  deep  or  shallow.  These  piles  being  strongly  bound 
together  in  several  places  with  horizontal  tie-beams,  support  a 
row  of  dove-tail  piles  driven  within  them  :  when  this  is  done, 
and  all  are  screwed  according  to  the  nature  of  the  situation 
and  circumstances,  the  foundation  is  dug  by  a  machine  with 
scoops,  invented  for  that  purpose,  until  the  workmen  come  to 
a  solid  bed  of  gravel  or  clay  ;  or  if  the  bed  of  the  river  ia  of  a 
soft  consistence  to  a  great  depth,  it  i^  dug  about  six  feet,  and 
a  grating  of  timber  is  laid  upon  it,  which  is  well  screwed  with 
piles  driven  into  the  opposite  corners  of  each  square. 

When  the  foundation  is  thus  prepared,  the  masons  make  a. 
mortar  called  beton,  which  consists  of  twelve  parts  of  pozolaiM^ 
or  Dutch  terras,  six  of  good  sand,  nine  of  unslaked  lime»  tfaur-* 
teen  of  stone  splinters  not  exceeding  the  bigness  of  an  egg, 
and  three  parts  of  tile  dost,  or  cinders,  or  else  scales  of  forge 
iron :  this  being  well  worked  together,  must  stand  24  hourSy  or 
till  it  becomes  so  hard  as  not  to  be  separated  without  a  pick- 
axe. This  mortar  being  thus  prepared,  they  throw  into  the 
coffer  a  bed  of  ruble  stones,  not  very  large,  and  spread  them 
all  over  the  bottom  as  nearly  level  as  they  can ;  they  then  sink 
a  box  full  of  this  hard  mortar  broken  into  pieces,  till  it  comes 
within  a  little  of  the  bottom ;  the  box  is  so  contrived  as  to  be 
overset  or  turned  upside  down  at  any  depth ;  the  pieces  of 
mortar  now  soften,  and  so  fill  up  the  vacant  spaces  between 
the  stones ;  by  these  means  they  sink  as  much  of  it  as  will  form 
a  bed  of  about  12  inches  deep  all  over;  then  they  throw  in 
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•natbeT,  anil  the  «hole  npon  the  landatool,  or  upoa  the  pier  of 
the  partiCDlkr  arch,  and  resitted  by  preuaFe,  which  may  be 
ezprewed  bj  a  line  placed  at  ri|;ht  angle*  to  an  archiloae,  at 
A>t  part  of  the  arch  which  reats  npaa  Ihe  centre  aroh  ;  bat 
whole  length  ii  not  jtt  deteroiined,  but  will  be  determiiied  in 
the  reinlt  of  oar  theory,  of  which  every  meeheaic  ia  able  to 
jadfe  i  and  which,  at  the  aame  time,  we  flatter  oorielTes  the 
leaned  will  not  find  caaie  to  challenge. 


The  Ibickneis  of  the  pier  we  have  lake«  !■,  A  i,  6  feet ;  each 
divisioD  of  the  arch  is  equal  ti>2  feet  on  the  ontaide.  and  tendi 
ai  a  wedf  e  to  the  centre  of  the  circle.  The  inside  roeafurei 
1-8  feet,  the  mean  ia  1-&  x  3;  the  length  of  Ihe  atone  is  iW 
of  surface :  we  suppose  it  taken  3  feet  into  the  aroh,  or  it  it 
eqaal  to  I7'l  golid  feet  in  each  of  our  diviiioos  ;  the  scale  ia 
half  an  inch  to  10  feet.  The  lolid  measure  on  Ihe  whole  is 
easilr  fonnd ;  the  30"  is  at  a,  but  ihe  arch  nill  rise  wilhoat  the 
aopport  of  the  cestre  arch  to  e.  Now,  the  Dumber  of  divisioni 
from  B  to  the  centre  of  the  arch,  is  22-2 ;  whichmultiplledby  17'1 
■olid  feet  each,  is  37&'6S  solid  feet ;'  the  pier  of  6  feet  contains 
to  the  height,  a,  the  surface  A  b  da,  at  a  mean,  taken  as  in  the 
table,  a  is  72-75,  being  each  2  feet,  ia  146-5superlicialfeet,  x  3, 
the  assnmed  depth  ia  436'6  solid  feet,  being  fully  in  eunilibrium 
with  the  arohatones :  bat  as  the  arch  will  rise  It>  c,  Inere  is  an 
additional  weight  of  229-6  aolid  feet,  which  will  be  allowed 
more  than  a  coonterpoise  to  the  pressnre  of  the  arch,  without 
any  aid  from  Ihe  pier,  which  has  only  the  perpendicular  pres- 
sure to  snpport.  By  this,  therefore,  is  ascertained,  the  coun- 
terpoise which  will  support  this  arch  nolil  the  other  arches  are 
raised  ;  which,  as  Ihey  all  abat  upon  one  another,  the  land- 
stool  must  be  made  of  such  atrengOi  as  to  counterpoise  the 
whole.  This  is  ascertained  apon  the  same  principle,  and 
leaves  no  stress  apon  the  piers,  bat  the  perpendicular  pressure 
alone.  This  pier  is  scarce  one-twelFtb  part  of  the  openint;.  by 
which,  the  river  having  so  free  a  passage,  will  affect  the  bridge 
by  pressure  bat  very  little.  The  above  fiRnie  is  a  perspective 
view  of  one  arch  of  a  bridge,  on  this  oonatruclion,  with  part  of 
an  adjoining  arch  on  each  side. 

But  the  piers  must  be  made  of  Rreater  breadth,  ivheo  the 
situation  of  (be  river,  or  other  circumatBUoes,  or  when  a  seg- 
ment of  a  circle  is  made  choice  of  for  the  ease  of  the  passage. 
or  when  economy  in  Ihe  use  of  materials  and  mason-work  are 
considered ;  or  the  base  of  the  arch,  or  the  surface  of  the  pier, 
will  not  admit  of  mason-work  to  bear  upon  the  spring  of  the 
arch,  of  auch  weight  as  to  produce  a  sufficient  counterpoise  to 
the  archstones  that  produce  the  lateral  pressure.  If  the  arch 
ia  Halter  than  that  now  under  consideration,  the  pier  ought  lo 
be  broader ;  find  this  is  ascertained  In  projecting  the  plan. 
At  the  same  time,  aa  the  fall  and  destruction  of  an  arch  is 
Mtended  with  very  great  loss  in  money,  time,  and  materials, 
by  way  of  precaotion,  beams  may  be  made  to  abut  npon  one 
■Botber,  and  apon  each  pier  ;  and  this  will  be  no  lo^s  of  time 
or  materials  either,  as  it  will  supply,  in  part,  the  snpport  of  the 
centre  arches,  npon  which  the  arch  of  the  bridge  is  raised  ;  and 
U  ia  a  preoaatlon  ased,  npon  a  smaller  scale,  when,  in  front 
walla  of  honses,  the  whole  is  often  supported  npon  arcades 
of  shop  doors  and  windows,  many  of  their  piers  not  ex- 
ceeding 0  or  10  inches:  n  cross  bar,  or  piece  of  wood  laid 
aeross,  to  prevent  their  yielding  or  losing  tbe  perpendicular, 
till  the  whole  is  completed.  Now,  the  pressure  upon  the  arch 
Is  not  so  great  as  most  writers  have  aaaigned,  that  is,  to  the 
tobole  Incumbent  weight  of  all  the  materials  above  it,  tofretfaer 
with  that  of  passage.  The  art  of  masonry  is  such,  that  the 
hvis  or  rowa  of  atoaea  are  so  bonnd  one  with  anotber,  that 


«ach  makes  a  presaareon  its  contlguoua 


o  as  tofi 


lion  made  in  tfae  k>wer  pari,  or  in  the  middle  of  tbe  w* 
the  apper  part  of  the  building  not  affected.  In  like  Bi 
the  arches  being  all  raised  to  the  height  that  they  a 
withoat  the  support  of  the  centre  arcfa,  they  are  compled 
filled  up  to  tbe  level  of  the  keystone,  but  not  higher 
arch  is  properly  secured,  if  the  principles  of  e<iuiiibr«I 
tilling  ap,  are  properly  attended  to  ;  but  if  one  side  It 
loaded,  either  in  filling  ap  or  in  buildin);.  it  must  tw 
arch,  and,  if  not  instantly  to  break  it,  must  (end  to  aA 
taioly  as  lo  its  darability. 

Among  the  various  writers  npon  bridj^es,  some  prel 
circular  arch,  both  for  strength  and  elegance.  Others  oa 
that  it  is  exceeded  in  both  by  the  elliptic  arch.  Othc 
give  the  preference  to  the  catenarian  arch  :  and  we  ai 
that  tbe  excellency  lies  on  the  side  of  tbe  parabolie 
We  do  not  (hink  it  incumbent  on  us  to  combat  each  of 
neither  do  we  think  our  readers  would  thank  as  for  so 
It  may,  however,  be  expected,  Uiat  we  should  not  paa 
cnliroty  an  noticed. 

In  the  first  place,  then,  we  are  of  opinion,  that  tbe  an 
bears  most    equally   throughout   the   whole,    one    pari 
another,  haa  Ihe  best  claim  to  strength.     Our  reason  ia, 
we  illuatrate  thus,  let  A  B,  A  C,  be  placed  as  in  the  ar 
figure.  Suppose  a  weight, 
upon  (hera  in  such  a  mat 
j^  lo  press  equally  upon  tbe 

A,  the  two  bodies  A  B,  A  < 
in  that  point  support  tbe 
est  weight.  If  the  same 
is  laid  in  tbe  middle,  betv 
and  C,  or  A  and  B,  thi 
each  yield  to  tbe  preasui 
the  wei^lil  is  not  equal 
vided  between  them.  I 
these  bodies  are  so  plaoe> 
in  every  position  on  w1 
weight  can  be  applied  to 
(he  weight  shall  be  equall 
ve  this  foim  the  preference 
with  the  circle.  As  to  etcj 
regularity  Is  a  quatldcalion  that  suits 
taste :  and  here  the  circle  cannot  be  outvied.  It  is  not 
ever,  without  its  disadvantages  j  for  with  regard  loexpet: 
the  semicircular  arch  is  sometimes  too  high  for  the  sitaa 
some  bridges.  In  this  case,  the  elliptic  arch,  formed  np 
greater  axis,  offers  itself,  in  point  of  expediency,  and 
not  in  point  of  elegance.  We  are  bold  enoughlo  assert, 
strength  of  materials  forms  Its  composition,  and  be  pr 
abutted,  it  will  not  yield,  in  point  of  strength,  in  any  ex 
to  which  it  may  be  applied.  In  point  of  economy,  it  el 
preference  to  the  semicircular  arch. 

For  our  part,  we  are  inclined  to  own  the  reasonable! 
its  claim,  and  to  give  ii  the  preference  to  the  segmen 
circle,  which  might  perhaps  be  preferred  in  point  of  e 
ency,  as  it  can  be  rendered  as  flat  as  the  ellipse  ;  but  I 
ness  we  rather  consider  as  a  disadvantage,  as  in  the  riae 
water  it  is  apt  to  choke  its  course,  and  overturn  it ;  wl 
the  ellipse  being  nearly  formed  of  two  segments  of  cit 
different  radii,  the  smaller  arches  at  its  extremity  raise  n 
the  perpendicolar,  and  cive  more  scope  to  the  current 
water ;  and  likewise,  it  does  not  require  a  stronger  pier 
semicircle  of  the  same  diameter.  The  segment,  on  th< 
hand,  if  flat,  requires  a  stronger  pier,  and  tticrefore  tend 
to  choke  the  current  of  the  river,  which  ought  alwaji 
avoided  when  it  can  be  done. 

In  Ihe  catenarian  arch,  when  a  chain  or  rope  is  fixed  i 
end,  and  allowed  to  fall  down  in  the  middle,  Ihe  curva 
not  equal  throughout ;  and  we  therefore  cannot  think  it  e 
to  equal  claim  with  the  circle  or  ellipse.  The  same  ob 
may,  with  equal  propriety,  be  made  to  the  parabola^ 
carve,  near  its  vertex,  has  almost  the  property  of  a  cirri 
every  one  who  knows  a  parabola,  is  convinced  how  n 
deviates  from  it  afterwards,  although  every  where  it  i 
the  property  of  its  own  curve. 
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We  BOW  take  «  review  of  the  diirMKnt  briditea  we  hine  mes- 
linf  i1,  Md  mmke  mme  obtenuioiM  apoD  tfaem.  In  ireacral, 
«c  rcBMk,  Ihat  all  tbe  writm  upoa  tida  art  have  farmed  the 
abataeaU  of  each  particDlar  arch,  tn  be  placed  in  the  pier 
Wtow  Ike  (prinit  of  tiie  arch;  on  which  aoiMMDl,  laany  have 
aoattrurtMl  their  pieri  of  ([reatcr  atrength  Ibaa  necetiarj  ;  ai 
ia  thai  bjr  the  Koman  emperor  Trajan,  over  Ihe  Daaalie :  but 
brinK  brukea  down  by  hia  tiacoeiaor,  to  inpede  tha  pataatce  of 
hU  iaTaderi.  we  cannot,  with  eertaial)',  eonpats  Uie  latenl 
pmsore  apon  Ike  piera. 

AcourdioKto  (he  rnlea  Rivea  b;  Belidor,  dte  breadth  of  the 
ftrr  tbat  will  form  an  ahutaKat  to  aa  areh  of  15  feet  apai^,  ii 
U  lert  IT  Ihe  hcif^t  at  the  head  of  Iba  oolumna  he  e  feeL  We 
bate  ferncrlj  staled,  tluii  tUa  arrh  can  be  raiactl  to  c.  aii  tai 
Ihe  MtowinK  tfKfc,  witboat  appljiag  (be  centre  ardi.    Frun 


the  eealrr  of  thia  architone  we  railed  a  perpendicnlar  pf.  and 
ftMi  llw  lower  part  of  Ilie  archatooe  drew  (he  line  fk  parallel 
tait;  Ihit  line./t.  we  suppoacd  to  cul  (he  centre  of  the  pier 

■  k.  Sappone  Bclidor  allowed  a  part  of  (l»e  pier  equal  to 
lkelni|[lh  of  (he  arcbHlone,  which  ne  have  in  thi.i  Gjcitre  taken 
■lirwl.  <uie-tw[-nl; -fourth  of  the  opening  ncarlj,  •I'l.  k  i, 
A  i,  would  be  allowed  for  the  perpendicular  aupport  of  Ibe 
uehuaaei  to  e.  We  find  k  g  mca«urei  fiye  aad  a  half  feet,  we 
tkerrfwc  eatend  A||  to  (,  which  is  11  fret,  and  A  /  14  feel,  for 
A*  breadth  of  the  pier*.  Id  place  of  taking  the  a  bole  width  of 
■he  bridRC,  we  take  only  3  feel,  at  formerlj.  The  number  of 
•inl  ditiiiuns  frooi  c  to  tbc  lerles,  or  middle  of  the  kcj  alone, 
^Vii ;  each  of  tlie  ci)u:il  diTiniona  at  theie  breadths  contain* 
"'Itolid  feel  )  ai  by  our  furmer  meanure,  which  mullipljud  by 
Vl.  ii  Xtm  solid  feet.  The  pier.  U  feet  broad  by  S  in 
tajtkt,  and  3  feet  deep,  la  3Sri  solid  fe«t ;  the  sulid  bulMinit. 
'/km,  beinf;  svpported  in  the  perpeadicular,  he  coatider*  as 

■  Hr(  of  hi*  abutment,  of  which  /b  measures  30  feet,  by  rf3. 
*«l  by  3  in  depth,  is  334  +  363  =  4M  solid  feet,  to  counler- 
pNM  UO-62  aolid  (cct,  which  is  amply  aoScieat.  Suppose 
*U  the  pier  is  13  feet,  at  the  ahot  e  height  it  coalains  234  feel. 
4  M  a*  before,  ^  468  feet,  which,  to  account  for  accidents. 
■IfiDB  his  pracltcc  and  observation,  fciv  tbe  dimenMons  of 
<W  Ubie  rule,  which,  we  sappoac,  is  now  fully  accouotcd  for. 
UlhtbaiKht  of  the  pier  is  mare  than  6  feci,  we  add  (o  the 
btatib  of  bin  pier  in  proportion.  When  (be  span  is  abuv 
MIhi,  one-aialli  of  (he  openiag  is  suScienl  in  )(rea)[th  t 


_-___—  -ia  rule   to  the  senicircaiar   arehe*.     V 

^■•calready  BMnlioned  >hat  we  think  a  proper  limitation  ._ 
Jii  rale  ibr  taUns  the  Mtb  pari  of  (he  arch  lor  the  leiigtli  of 


kw(  bett«a  by  Henry  11,  in  117&  and  liaisbed  by  John  in 
IUb.  Tbc  piers,  eijchteen  in  nomlier.  are  from  25  lo  34  fret 
Attk.  Pewr  Uined  the  cotine  of  the  Thames  tlffou|[h  Soaih. 
*Mk,  while  ba  eaticaled  an  uoderlakini;  (bat  choked  np  the 
MWM  af  tha  rivar,  f MM  9(10  lo  IIMfeet:  bat  as  tliis  objection 
'*  shoal  to  be  removed,  we  need  say  no  more  about  iL 

WasniMaer  Bridite.  na  ekgant  and  noble  bbrk,  bas  iu  pier 
«l)  Ufaai  bwp  the  bed  of  (be  ri*«r.  Tbe  thlekaeai.  for  a  suS- 
■iM  I  f  tiapaiaa  lo  tbc  niah,  co«M  Mt  cxcead  Ufeaij 


lately,  the  arcbileet  baa  (civea  it  If.  Tba  archea  arv  iciaieire*- 
lar,  the  middle  one  beiaft  7S  feet  apan  ;  tbe  aatxnt  ono-twe*- 
lietb  part  of  tbe  half-width  of  Ibe  river,  wbiah  is  here  IXS 
feet,  une  half  is  eH'IA.  and  the  riae  la  3(H  feel  ia  Ibat  eatewt. 

Tbe  next  we  notice,  is  Blaekfriar'a,  as  in  tbe  followioK  Ifrare, 

eiecated  by  Mtlne.  aboM  ingenuity  and   ability  as  an  eoni- 

■eer  are  uMverMJIy  arknowlcdircd.     Tbc   middle  arch  ia  an 

elliptic  span  of  luu  fret.  b>  which,  wiib  other  ailvaniaiieB.  the 

iBfce  is  rendered  im>rc  vummuiliuus  ;  Ihe  aiceal  more  easy 

a  on  Wealmjnsier  Itridfc.    The  qeicknesa  of  Ibr  rise  mt  the 

be*  of  (be  small  cirrlca.  with  the  0atiw**  of  the  larvr  eirrle, 

particalarty  well  adapted  to  icive  a  mere  eaay  paasagc  lo 


Uw  rifcr,  when  risinit  cither  fnm  a  tide  or  other  aecidcatal 
cMisc*,  and  renders  the  choice  of  the  elliptic  arch  here  very  jodi- 
ciona.  We  are  likewise  miwh  pleaaea  with  the  ingenaity  of 
the  inverted  arch,  which  clectualljr  preveota  any  riling  of 
the  ruble  work  ihat  fills  the  inlersUoea  between  the  arches  tij 
any  prcsaare  whatever;  aa  it  abnla  apon  (he  arcbstoDea  at  It. 
it  pressea  their  joints  npon  one  aDoiber,  in  a  more  effcctaal  man- 
ner than  perhaps  coald  ba  aoeompliahed  by  any  other  metbod  ; 
but  the  eiTect  produced  by  il,  and  in  which  we  think  it*  escH- 
lency  mostly  coDsists,  ia,  thai  it  makes  the  archea.  at  thai  point 
wjicrc  tbcy  produce  tbe  prreatest  lateral  pressure,  to  abut  upon 
une  another,  and  thua  take  off  the  lateral  pressure  from  the 
pier.  Had  liyine  availed  himself  of  this,  his  pier  would  have 
been  at  least  one  half  thinner.  But  in  place  of  this,  he  has 
made  it  at  tbe  extremity  of  the  greater  axis,  A  a.  B  fc,  IU  feet, 
and  increased  it  in  a  eirrular  form  to  32  feci.  Esperlence  hs^ 
proved,  tbat  when  the  resistinic  force  iii  placed  in  the  pier,  one- 
fifth  of  tbc  opcuini;  is  more  than  sufficient  for  supporting  this 
resisting  force  j  therefore  the  cooric  of  the  river  shonld  not 
hare  been  roolracted  from  100  to  70  feel. 

The  depth  of  the  water,  at  ordinary  tides,  is  not  less  than  10 
fcrt  i  and  by  tbe  principles  of  hydrostatics,  the  prCMing  forcn 
of  a  Riilid  foot  of  water,  at  that  dcplh.  is  eqnal  toKdtWIbs. 
which  X  30.  ihrniiniber  of  feet  contracted,  gives  II3'8lon!iupoo 
(he  fnunilnlioii  of  his  pier,  far  more  than  was  necessary ;  but 
Ibis  dors  not  a(  all  derogate  frnm  the  method. 

In  our  drawing  of  the  middle  srrti.  and  part  of  tbe  adjoin- 
ing arches.  A  B  is  tbe  length  of  the  greater  axis  of  the  clllptr, 
and  span  of  the  arch  lOOfeet ;/./,  the  centres  of  Ihe  lesser  cir- 
cles: D  D,  the  inverted  arctics  abutting  upon  Ihe  archstooes 
B  E  1  V,  Ibe  vertex  or  crown  of  the  arch  ;  F  F,  the  thickness  of 
the  pier  at  tbe  bed  of  the  river;  Aa,  Bt,  the  thick  aeas  of  the 

C'  »t  at  the  extremity  of  the  greater  aais.  We  have  pat  on  the 
lliiig  in  one  af  Ihe  arches,  one  with  the  Kenliih  rag-nionc  : 
the  bolls  about  a  cubical  fool,  sunk  half  way  inio  each  slonc : 
the  stones  in  tbe  pier  are  boiled  with  firm  oak,  of  a  aoliU  foot, 
dove-lailcd  into  each  stone,  which  rcpderi  the  whole  pier  limi 

Wliiit  bas  been  aaid  on  tbe  breadth  of  piers,  render*  any 
obRervsiiuns  on  the  bridge  over  Ihe  Trent  at  Barton,  or  tbe 
BiBKle  arch  over  (he  Ts*e,  in  Glamorganiliire,  nnBCceasary ;  the 
abatmeiits  of  the  last  bpiftg  on  land,  tbc  method  of  obtaining 
their  strength  will  be  poiaied  ont  when  we  speak  of  tbe  abat- 
mentt  of  iron  bridges,  of  which  (here  are  now  aeverri  In 
England. 

The  first  wa*  thai  creeled  over  Ihe  Severn,  near  reantroob- 
dalc,  in  Shropshire,  by  Abraham  Darfev  ;  (he  iron  work  waa 
east  at  Coalbrookdale  in  1779.  and  eontfata  of  one  areh  ef  100 
fret  6  laches  span.  It  rises  to  Ibe  height  of  AS  feet,  and  eon- 
■sta  of  ribs,  eaeh  east  in  two  pieces,  serared  at  tba  crown  by 
a  onat  iro«  fceyplaie,  and  eoMweled  hmitotKatl;  aad  vntkally 


vs 
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by  out  iron  braoea  fomied  with  dove-tnils  Mi6  forelocks ;  Ibe 
ribi  are  tovered  with  cast  iroQ  plutei ;  tbe  railing;  ii  of  iron : 
the  weight  or  the  whole  is  3671  ton*.  The  ironwork  wai  exe- 
cuted by  Messrs.  Wilkinson  and  Darley,  iroomaaters ;  for  which 
they  bare  great  credit,  being  the  liral  instance  of  that  material 
applied  in  the  bridge  way.  lo  1801  it  appeared  as  perfect  as 
when  put  ap,  except  what  was  owiog  to  the  failnre  in  the  stone 
abntments,  which  had  occasioned  some  cracl»  in  some  of  the 
■mall  pieces. 

The  second  bridge  of  this  kind,  bnilt  over  the  same  river  at 
Bniltwas,  at  the  expense  of  the  coonty  of  Salop,  was  agreeably 
io  s  plan  nader  the  direction  of  Mr.  Telford,  surTeyor  of  the 

Eublic  works  in  that  county :  tbe  iron  work  was  cast  at  Coal- 
rookdale  in  179S  and  1796.  It  conMsts  of  an  arch  of  130  feet 
■pan ;  the  rise  of  tbe  arch  is  S7  feel  from  the  spriug  to  the 
sufGt.  The  sitaation  of  tbe  road  here  is  necessary  to  be  kept 
low  ;  and  the  ontsjde  ribs  rise  as  high  as  the  tops  of  the  rail' 
ing,  and  are  connected  with  the  rilis  that  bear  tbe  covering 
plates,  by  bars  of  iron  cast  with  deep  stanches  close  to  each 
other,  and  forming  an  arch  of  tbemselves ;  so  that  tbe  bridge  is 
made,  upon  the  whole,  compact  and  firm:  the  weight  of  the 
whole  is  173  tons  tStcwt.  Some  smaller  arches,  and  an  aque- 
duct at  Longdon,  have  been  made  tuder  Hr.  Telford's  direc- 
tion in  the  same  county. 

Tlie  next,  upon  a  large  scale,  and  made  of  iron,  is  that  over 
tlie  river  Wear,  at  Honk-Wearmoutb,  in  the  connty  of  Dnr- 
^fiam.  This  bridge,  as  represented  in  the  following  figure,  is  the 
segment  of  a  circle,  whose  radius  is  443  or  444  feet ;  the  span 
of  the  arch,  or  length  of  the  bridge,  is  236  feet ;  tbe  height  of 
its  vertex  above  the  spring  of  the  arch  is  34 feet;  and  height 
above  the  snrface  of  the  water  60  feet :  so  that  vessels  of  con- 
■iderable  burden  may  pass  below  it  without  interruption.  Tbe 
width  of  the  bridge,  or  breadth  of  the  roadway,  is  32  feet :  it  is 


formed  of  sis  ribs,  placea  above  Dve  feet  distant  from  one 
another ;  flach  rib  consists  of  135  blocks  of  cast  iron,  five  feet 
in  height,  and  two  feet  broad  at  tbe  middle.  Tbe  lines  drawn 
from  this  to  the  centre  of  the  curvature,  determine  the  length  of 
the  block  above  and  below ;  and  a  circle  described  with  the 
radius  of  cnrvatore,  gives  the  convexity  of  the  upper  part  of 
tha  block,  and  tbe  concavity  in  the  lower,  agreeable  to  (he 
fivrvatare  of  the  whole  arch  of  the  bridge. 

In  each  of  the  three  longttudinary  parts  of  the  block,  there  is 
a  aqnare  groove  one  inch  deep,  into  which  is  fitted  a  bar  of 
irrongbt  iron  of  tbe  came  dimension  with  the  froova ;  and  bj 


this  means  the  blocks  are  joined  together  to  form  the  ribs. 
These  ribs  are  connected  laterally  by  a  hollow  bar  of  cast  iron, 
about  4  inches  diameter,  and  6  feet  long,  with  flancbes  throogli 
which  iron  bolta  are  made  to  pass  it,  and  the  sides  of  the  ribs 
fixed  with  screws  or  forelocks  ;  two  of  the  blocks  are  joined 
by  the  bars  of  wrought  iron,  and  connected  with  abarof  anotfaei 
rib,  by  tbe  iron  hollow  bar.  All  the  nbs  joined  together,  and 
connected  in  the  same  manner,  to  complete  the  arch  of  the 
bridge.  To  support  the  beams  that  form  the  roadway,  circnlai 
pieces  are  formed  of  cast  iron,  to  abut  upon  one  another  al 
their  horizontal  diameter,  the  beams  that  form  the  roadway 
resting  upon  the  circular  pieces  at  tbe  vertical  diameter,  whieh 
gives  a  6rmness  to  these  supports,  that  no  weight  coming  upon 
the  bridge  can  injure.  Tbe  beams  or  planks  are  then  covered 
with  plates  of  iron,  and  such  materials  as  are  best  adapted  In 
form  the  road,  and  prevent  water  passing  throngb  to  injure  tiM 

We  have  only  lo  add,  that  this  bridge  was  constructed nndei 
the  direction,  and  chieDy  at  the  expense,  of  Rowland  Bnrdon, 
Esq.  then  M.  P.  for  tbe  connty.  It  was  cast  at  the  foundry  ol 
Messrs.  Walker,  ofRotherham,  in  Yorkshire,  and  does  hononi 
to  the  projector  and  ironmasters.  It  is  nearly  double  the  span 
of  that  at  Builtwas,  and  more  than  double  the  middle  arch  ol 
Blackfriar's  Bridge. 

Our  only  doubt  of  the  dorability  of  iron  bridges  is,  that  the 
water,  being  blown  in  by  storms,  rests  on  the  flats  of  tbe  iron, 
and  tends  to  corrode  it,  and  waste  its  parts.  Tbe  union  ol 
cast  and  wrought  iron  certainly  produces  a  larger  qaantitj  ol 
oxide  or  rust,  than  if  all  is  cast,  or  all  wrouf^bt  iron.  Perhaps, 
if  between  these  thin  plates  of  lead  were  placed,  the  twc 
pieces  might  have  their  joints  closed,  by  abutting  upon  tbe  lead, 
and  the  same  precaution  being  taken  with  the  wroaght  iroo, 
where  inserted  into  the  grooves  of  the  cast  metal,  tbe  watM 
would  be  prevented  from  entering,  or  settling  in  the  interstieo, 

Bangor  Ftrrg  Iron  Hanging  Bridge.  (See  Plate,  fig.  1.)— 
The  iron  hanging  bridge,  conslmcled  over  the  Menai  Strait,  by 
Mr.  Telford,  consists  of  one  opening  of  &60  feet  between  the 
points  of  suspension,  and  100  feet  in  height  between  tbe  bi^- 
water  line  and  the  lower  side  of  the  roadway  ;  and  the  road- 
way being  horiiontal,  this  height  is  nninterrupted  for  the  whole 
660  feet,  except  where  the  natural  rock,  which  forms  the  wesl- 
em  abutment,  now  interposes.  Bat  in  addition  to  these  500 
feet,  there  are  four  arches  on  the  western  and  three  on  the 
eastern  side  of  the  main  opening,  each  fif^  feet  span,  making 
in  all  650  feet,  as  in  the  plate,  fig.  2. 

In  regard  to  the  navigation,  it  is  preferable  to  any  bridge 
of  an  arched  form,  because  the  latter  affords  the  fall  height  d 
100  feet  only  in  the  middle  ;  whereas  the  former  affords  th« 
same  full  height  for  the  whole  of  500  feet,  which  is  a  consider- 
able advantage  to  vessels  passing  the  Menai  Strait,  as  it  allowi 
tbem  to  stand  closer  to  either  shore  while  passing  nnder  Ac 
bridge.  In  regard  to  economy,  this  bridge,  on  the  principle  el 
suspension,  has  equally  the  advantage,  the  estimated  expenst 
not  being  more  than  £70,000:  whereas  the  cheapest  of  the 
arched  form,  made  of  cost  iron,  would  have  cast  nearly  doobh 
that  sum. 

The  roadway  (Plate,  fig.  3,)  consists  of  two  carriagewvya, 
each  12  feet  In  breadth,  with  a  footpath  of  4  feet  between  tboni, 
so  that  the  platform  vrill  be  aboat30feet  in  breadth.  Hm 
whole  is  to  be  suspended  from  four  lines  of  strong  iron  caUei 
by  perpendicular  iron  rods,  placed  5  feet  apart,  and  these  rvdi 
will  support  the  roadway  framing.  The  suspending  power  isoal- 
eulated  al  2016  Ions,  and  the  weight  to  be  suspended,  eiclastTt 
of  the  cables,  is  342  10^1,  leaving  a  disposable  power  of  167' 
Ions.  The  four  sides  of  the  roadways,  made  of  framed  inw 
work,  are  firmly  bound  togetber  for  7  feet  in  height,  and  then 
will  be  similar  work,  for  5  feet  in  depth  below  tbe  cables.  Thi 
wei|tht  of  the  whole  bridge,  between  the  points  of  anspenaioa 
is  489  tons. 

It  is  oalculated  that  the  contraction  and  expansion  of  tti 
iron  cables  may  occasion  a  rise  or  fall  to  the  extent  of  fonr«i 
five  inches  ;  but  the  variations  of  the  temperature  of  dii 
atmosphere  wilt  not  derange  the  bridge. 

The  two  piers  are  60  feet  by  42  and  a  half  wide,  at  bigfc. 
water  mark,  having  a  foundation  of  rock.    Theae  piers,  e 
neoted  with  the  whole  gf  the  masonry,  form  a  nwa  O 


B  R  I 


DICTIONARY    OF   MBCHAMCAL  RCIRNCB. 


with  bloek*  of  hmrd  )imc«(ODe,  or  mnrh  irrcater  weif^ht  Iban  i» 
Bccriiarf  for  Bapporlinp;  ■  brirlRc  of  lLi>  kind.  I'pnn  the 
•qmniit  of  tlic  two  main  pien  Ucrrctrd  a  frame  of  cast  iron,  of 
■  piramidal  form,  fur  the  purpose  of  raiiioic  the  cabin  from 
«hicb  the  bridfce  is  innpcnded.  Ai  the  cables  arr  carried  from 
Ike  tnp  of  the  pjramiiN,  so  ai  to  furin  nearly  similar  angle*  on 
each  side,  the  pre^iturc  i»  almont  perprndictilar. 

Along  eaeb  line  there  are  four  cable*,  rnakini;  in  the  nbole 
■istrrn  ;  (hese  eablei  jinsn  o*<t  rollers  fixed  on  the  anmmits  of 
the  pyramidi.  and  are  faxtencd  at  Ibeir  extremities  to  an  iron 
fraiue,  l>tnf!'  horixunially  over  (ho  lop  of  the  amall  arcbea,  and 
■Oder  a  masi  of  masonry. 

From  thexc  rabies  the  roadway  is  luipcnded  by  TCrtical  iron 
I«ds,  connected  at  their  lower  extremities  with  wrou)[ht-iran 


bridge.  The  anspendinR  rods  pais  between  the  cablci,  and 
depend  npon  each  two  of  thrm,  so  that  the  jcenrrnl  ntrenf^h  of 
the  bridge  could  not  mnterially  be  affected  by  Uklng  one  way. 
The  rabies  and  the  Roorinic.  as  well  aa  the  suspcndinp  rods,  are 
cAnstrneled  and  tinitcd  in  such  a  manner,  Ihnt  caeb  of  tlic  parts 
may  be  taken  out  and  replaced  separately ;  so  that  (berc  can 
be  no  difficulty  in  repairint:  any  part  of  the  bridge,  whenever 
rei|aired.  A  temporary  wire-briil|;e  was  made  from  one  abut- 
ment to  the  other,  to  carry  over  the  cablcR,  and  arrange  tho 
several  pnrts  nf  the  hridf^e,  while  buildini;. 

Tlie  weight  of  each  separate  cable  between  the  points  of 
snspension  is  entimated  at  nine  tuns  and  three-qoarters,  or  117 
pnands  per  yard.  The  wcigcht  of  a  drove  of  oxen  is  calculated 
•t  abiint  3UII  tons,  supposinc  them  to  amount  to  300  bead,  all 
«lasrly  huddled  together ;  and  the  estimated  weight  necessary 
90  tear  the  eables  asunder  is  upwards  of  2000  tons,  which  is 
^bout  four  times  the  weight  of  the  entire  bridge.  The  passing 
■if  a  mail-coach  over  the  bridge  produces  no  uodalation,  or  sen- 
sible perpend  irular  Tibration  ;  nor  is  any  lateral  vibration 
■pprebended  from  the  most  violent  gale  of  wind,  by  reason  of 
the  proportion  thai  the  breadth  uf  the  bridge  bears  as  a  frame 
to  its  eitreme  length.  The  bars,  as  well  as  the  segmenls,  are 
each  joined  longitndinally  to  the  whole  of  the  required  length, 
and  seeured  by  bucklings  every  fivo  feet,  and  then  enveloped 
in  flannel,  well  saturate*)  with  a  composition  of  rosin  and  bera- 
was.  to  preserve  them  from  the  weather,  and  the  whole  arc 
vncirrled  with  iron  wire. — All  these  details  will  l>e  clearly 
■nderslood  by  reference  to  the  cn^raTtng  that  esbibila  the 
yasiage  upon  the  bridge. 

Tit  Stnnd  ut  Wmttrtoo  Bridge.  (See  Plate,  Bi-M<rei.)— This 
bridge,  which  is  now  called  "  Waterloo  Bridge,"  but  which  was, 
till  within  some  few  months  of  its  completion,  styled  "  the 
Strand  Bridge,"  is  a  noble  ornament  of  the  metropolis.  The 
■it*  nf  the  Surrey  hills,  and  the  fine  expanse  of  country  that  it 
opras  from  the  Strand,  is  both  delightful  and  surprising;  and 
tbc  elTeet  is  nut  a  little  increased  by  the  continuity  of  bouses 
that  every  where  affects  the  passenger's  eye,  in  passing  nlohg 
the  .Strand,  till  he  eiimcs  to  the  grand  entrance,  leading  to 
^'airiloo  Bridge.  For  upwards  of  a  century,  a  bridge  at  this 
paniealar  part  uf  the  river  had  been  frequently  suggested :  but 
■II  ihr  merit  of  the  sehetne,  and  the  influence  uf  the  Bedford 
^ntilt.  whose  properly  would  be  sn  much  improved  by  the 
*dnption  of  Ibe  plan,  did  not  ennbic  it  to  resist  opposition  from 
J^  rily  «[  London,  he.  in  former  perimls.  It  remained  (or 
^««r^  Uodd,  an  enterprising  and  young  civil  engineer,  after 
*^'ee>ears'  unprecedented  turmoil,  tojcct  an  act  of  parliament 
V*'  a  bridge  at  this  station:  and  this  was  not  done  till  subscriii- 
^"nt  to  the  amount  of  i'MMt.OUO  had  been  raised.  This  was  in 
''^Ml.  Mr.  I>odd  succeeded  in  removing  the  impracticabilities, 
^'■iofa  had  before  prevented  the  scheme  of  building  abridge 
**'ttiss  this  portion  of  the  river  frnm  heint:  carried  Into  effect; 
*^t  he  gave  the  present  plan  and  dimensinns  »f  tbe  bridge. 

Some  time  alter  the  aet  had  been  obtained,  and  the  eom- 
^^neement  of  Ibe  building,  Mr.  Dodd  disagreed  with  the  rom- 
r^nv.  and  aeparated  from  them,  nnd  the  lale  Mr.  Rennir  fol- 
***^rd  ;  and  he  had  the  honour  nf  linishing  this  nuhlr  tiridge, 
^hicfa  i«  different  from  all  the  other  bridges.  All  its  arches, 
^^ieh  are  elliptical,  ore  of  an  equal  siae ;  and  tlic  rood  across 
15. 


the  bridge  is  thus  made  a  level  road.  The  style  of  its  archi- 
lecture  is  plain :  the  effect  noble,  from  its  simple  grandeur  ; 
and  the  materials  are  of  the  most  durable  kind,  namely,  of 
granite.  II  was  briilt  with  amaaing  rapidity,  and  the  ceremony 
of  opening  it  took  place  Jone  IH,  IMI7,  the  anniversary  of  the 
battle  of  Waterloo.  The  ceremony  was  of  a  splendid  character, 
the  I'rince  Regent  and  the  Duke  of  Wellingtou  being  present 
on  the  oceasiun. 

Tbe  following  arc  the  dimeniions  of  the  bridge  :— 
Tbe  length  of  the  stone  bridge  within  tbe  abutncDlt,  1242^1. 
Length  uf  the  road  supported  on  brick  arches  fHi 

the  Surrey  side  of  the  river, 13M 

Length  of  the  mad  supported  uii  brick  arehe*  on  the 

London  side 400 

Total  length  from  the  Strand,  where  the  boilding 
begins,  to  the  spot  in  Lamliclh,  where  it  falls  to 

the  level  of  the  road 3800 

Width  of  the  bridge  within  the  balustrade 43 

Width  uf  tbe  pavement  or  fonlwny  on  each  side,  . .        7 

Width  of  road  fur  horses  and  carriages 3S 

Span  of  each  arch 13U 

Thickness  of  cdch  pier M 

Clear  waterway  under  the   nine   arches,  wbieb  are 

equal 1080 

Number  of  brick  arches  on  the  Surrey  side, 40 

Tbe  whole  of  the  outside  courses  uf  the  bridge  ia  Cornish 
granite,  except  Ibe  balustrades,  which  are  of  Aberdeen  granite ; 
and  the  stones,  like  those  of  the  Temple  of  Solomon,  were  cut 
to  their  respective  forms  at  the  qoarries,  before  they  were 
brought  to  London. 

There  arc  nso  piles  driven  Into  the  bed  of  the  river  under 
each  pier.  The  length  of  each  pileisfroro  ltfto33(ect.and  the 
diameter  about  VJ  inches.    There  is  one  pUe  to  every  yard 

The  seientiffe  manner  In  which  the  centres  were  eonilmeled 
was  admirable  ;  and  aa  all  the  arches  are  nf  the  same  siae,  the 
centres  were  removed  from  those  that  were  finished,  and  placed 
on  the  piers  where  the  arches  were  not  yet  thrown  :  Ibis  was 
an  operation  that  required  great  skill  and  care,  and  wo*  very 
aBly  executed. 

When  the  centres  were  removed,  so  solidly  and  well  was  the 
masonry  cooslrucled.  iliat  in  the  middle  Ihey  only  snnk  about 
one  inch.  Those  of  the  Font  de  Neuilly.  in  France,  six  miles 
from  Paris,  which  are  nearly  similar,  sunk  about  18  inches  ia 
Ibe  middle,  after  the  centres  were  luken  away.  The  scienlifre 
principle  un  which  Ibe  centres  were  constructed,  which  did 
great  credit  to  Mr.  Rennie  Ibe  engineer,  was  that  of  the  foD^i- 
Imdintl  ineompTtitiMit^  of  limhrr.  The  sirongcst  and  largest 
beams  of  wood  bend  and  yield  when  pressril  upon  laterally  : 
and  by  that  means  the  form  of  a  centre,  eonalrurted  In  the 
usual  manner,  is  different  when  loaded,  from  what  it  is  when 
uot  loaded ;  but  as  no  weight  that  men  are  acquainted  with, 
when  acting  gradually,  will  shorten  the  length  of  a  beam,  it  was 
su  contrived  that  the  pressure  acted  always  longitndinally  or 
lengthwise,  and  not  laterally  or  sidewise ;  so  that  those  centres 
remained  in  form  unchangeable,  as  much  as  if  they  had  only 
one  solid  mass  uf  nrulicr.  the  two  eitreme  [Mints  resting  on  the 
firm  and  welt-cunslrucled  piers. 

In  circular  arches,  such  as  those  of  Westminster,  or  other 
bridges,  the  pressure  on  the  cenires.  before  the  keystones  are 
put  in  their  place,  is  not  near  so  good  as  in  elliptical  arches,  like 
those  of  Waterloo. 

The  four  Ifill-lodges  arc  neat  appropriate  T>orie  xiruetnrrs. 
There  is  a  elever  cwnlritanre  at  earh  ludge.  fur  the  purpose  of 
checking.  The  kind  of  iron  turnitiles.  which  admit  of  only  one 
person  passing  at  a  time,  tuuch  some  machinery  which  eum- 
municates  with  a  clock,  locked  up  in  a  box  in  each  toll-bouse, 
the  index  uf  which  is  thereby  moved,  so  that  on  looking  at  it, 
the  number  of  those  who  have  passed  is  directly  seen. 

The  bridge  was  only  six  years  in  building.  It  is  exactly  on 
a  level  with  the  Strand,  where  il  joins,  and  is  U>  feel  almt  e  the 
surface  ofthc  water  of  the  river  Thames. 

The  first  stone  uf  the  bridge  was  laid  on  Friday,  Ibe  lllh 
of  Uctubcr,  IKIl,  by  Mr.  Henry  Swann;  a  bottle  containing 
coins  of  his  laio  Uajeaiy's  reign,  was  deposited  ia  the  Srst 
2h 
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sl^fie,  over  which  a  plate  with  the  following  ioscripiion  was 
laid : — 

*'  This  foandatioD  of  the  Strand  Bridge  was  laid  on  the  llth 
day  of  Octoher,  a.  d.  1811,  by  the  Directors  for  executing  the 
same,  Henry  Swann,  Esq.  M.P.  chairman,  in  the  5lst  year  of 
the  reign  of  King  George  the  Third,  and  daring  the  regency  of 
his  R.  H.  George  Prince  of  Wales.  The  money  for  building 
which  was  raised  by  subscription,  under  the  authority  of  an 
Act  of  Parliament.         .  Engineer,  John  Rennie,  F.R.S." 

Vauxhall  Bridge,  (See  Plate,  ^ru^e*.)— This  bridge  was 
originally  projected  by  Ralph  Dodd,  the  father  of  the  engineer 
aboTC  alluded  to ;  but  with  the  actual  building  of  this  bridge, 
Ralph  Dodd  had  little  or  nothing  to  do.  See  Leigh's  Picture  of 
London, 

Some  subseriptions  were  received,  and  the  building  of  a 
bridge  on  the  present  site  of  Vauxhall  bridge  was  determioed 
on ;  but  in  the  oo-operation  of  this,  Mr.  Dodd  was,  on  account 
of  some  disagreements,  dispensed  with.  Mr.  Rennie,  the 
Waterloo-bridge  engineer,  followed.  An  immense  quantity  of 
good  stone  was  brought ;  laborious  efforts  were  made  to  build 
the  piers,  &c. ;  but  thousands  of  pounds  were  expended  to  no 
purpose.  The  completion  of  the  bridge  was  interrupted  till 
Mr.  Walker  was  engaged;  and  the  result  was,  the  building  of 
the  prei^t  etegant  iron  bridge.  The  whole  expense  of  build- 
ing was  within  ^160,000:  and  mnch  more  is  said  to  have  been 
previously  expended  in  vain. 

The  first  atone  of  this  bridge  was  laid  in  the  year  1813,  by 
Priaee  Charies,  the  eldest  son  of  the  late  Duke  of  Brunswiek ; 
awl  the  present  beaattful  erection  was  completed  in  1816.  It 
consists  of  mne  east^iron  arches,  with  piers  formed  by  a  wooden 
frame  as  a  foundation,  faced  with  Kentish  rag-stone  and  Roman 
oemeoL 

SmUhwmrk  Bridge.  (See  Plate,  Bridget,)— The  plan  of  this 
bridge  was  origiimUy  proposed  and  brought  forwarfi  by  Mr. 
John  Wyat,  with  the  view  of  forming  a  communication  between 
Baskside,  Soathwark,  and  the  bottom  of  Queen-street,  Cheap- 
aide.  The  ceMraled  Rennie  has  the  merit  of  the  design.  It 
oonnsta  of  thrda.  aiches  only,  of  cast  iron,  from  the  foundry  of 
Messrs.  Joahoa  Walker  and  Co.  of  Rotheriiam,  in  Yorkshire^on 
nassy  stone  piers  and  abutments. 

This  is  a  most  stupendous  iron  bridge;  and,  so  for'^ 
respects  its  centre  arch,  is  of  greater  span  than  any  other  in  the 
world.  It  was  opened  in  April,  1819.  Doubts  having  existed 
with  the  unscientific  part  of  the  public,  as  to  the  practicability 
of  this  Herculean  structure,  whether  it  could,  in  its  oolossal 
strides,  span  the  frontiers  of  old  father  Thames,  the  following 
corious  and  interesting  particulars  cannot  fail  to  be  accept- 
able. 

This  work  was  begun  on  the  2dd  September,  1814,  under  the 
direction  of  Mr.  Rennie  as  engineer,  and  Mr.  Weston,  sob- 
engineer.  Messrs.  JoUiffe  and  Banks  were  the  contractors  at 
a  lump  or  specific  sum,  and,  what  is  rather  a  novelty  in  public 
works  of  this  vast  magnitude,  it  was  completed  within  the 
contract  price.  The  estimated  expense  of  the  bridge  amounted 
to  £287,000. 

The  distance  between  the  abutments  is  708  feet.  The  extent 
of  each  abutment  enclosed,  including  the  land  arch  and  invert 
arch,  is  71  feet,  formed  oif  solid  masonry ;  all  the  springing 
stones  of  which  weigh  13  tons  each,  and  are  of  granite,  similar 
to  the  other  parts  of  the  bridge  stone  work.  There  are  two 
piers,  QO  feet  high  each  from  the  bed  of  the  river  to  the  top  of 
the  parapet,  and  24  foet  in  breadth  between  high  and  low 
water  marks,  and  75  feet  long  between  acme  and  acme  of  the 
salient  angles.    The  foundations  of  the  piers  are  each  about 


12  feet  below  the  bed  or  bottom  of  the  river,  and  rest  on  a 
platform  of  2j  feet  thick  of  solidly  compacted  timber;  and  these 
platforms  each  further  repose  on  sboni  420  piles,  most  of  which 
are  driven  24  feet  into  the  earth,  making  the  depth  of  the 
earth,  from  the  shoe  of  the  piles  to  the  parapet  top  of  the  piers, 
98  feet  There  are  three  arches  of  iron ;  the  two  side  ones  are 
210  feet  each  in  span,  and  the  centre  arch  is  240  feet  in  span, 
with  43  feet  dear  opening  above  low- water  mark,  iMdium 
tides.  Thus  it  exceeds  the  admired  bridge  of  Sunderland  by 
4  feet  in  the  span,  and  the  long-famed  Rialto  at  Venice,  by 
Id7  feet.  Many  of  the  iron  single  or  solid  castings  weigh  10 
tons  each :  and  the  total  weight  of  iron  exceeds  5308  tons. 

Hie  centerings  of  this  bridge  on  which  the  arches  were  formed 
or  turned,  were  of  such  a  novel  and  peculiar  construction,  that 
the  navigation  of  the  Thames  was  comparatively  finisDpeded 
during  the  building  of  the  bridge.  The  entire  centering  of  one 
arch,  containing  480  loads  of  timber,  was  removed  into  two 
tides,  having  been  previously  and  gradually  sunk  by  loosening <»f 
the  wedges;  unlike  the  Pont  Neuilly,  from  which  Um  centerings 
were  all  struck  simultaneously,  or  rather  thrown  into  the  river 
Seine,  and  in  which  the  arches  settled  the  surprising  depth 
of  18  inches  almost  instantly.  It  vras  calculated,  and  allowed, 
that  the  centre  arch  of  Southwark  bridge  would  settle  at  the 
vertex  two  inches,  yet  it  has  only  settled  or  sunk  If  Inch  pre- 
cisely ;  thus  the  vride  expanse  is  within  one-eighth  of  an  inch 
of  the  figure  and  form  it  was  originally  designed  to  assnme. 

The  following  is  a  specification  of  the  lengths  of  the  several 
bridges :  Feet. 

Waterloo  Bridge,  within  the  abutments, 1242 

Westminster  Bridge,  from  wharf  to  wharf, 1223 

Blackfriars'  Bridge, 940 

London  Bridge, 900 

Vauxhall  cast-iron  Bridge, 860 

Southwark  cast-iron  Bridge,  between  the  abutments,  708  s 
New  London  Bridge. — ^This  work  was  commenced  on  i}t^ 
6th  March,  1824,  under  the  direction  of  Mr.  John  Renpie; 
second  son  of  tlie  late  celebrated  engineer  (whose  stupendous 
works  reflect  so  much  honour  on  himself  and  oonntry,) 
assisted  by  Mr.  James  Hollins worth  and  Mr.  Knight.  The 
bridge  is  to  consist  of  ^we  beautiful  semi-elliptieal  arches,  the 
centre  one  of  which  will  be  150  feet  span,  the  adjoining  140 
feet,  and  the  land  arches  130  feet.  They  are  now  constmcting 
of  the  most  durable  granite  from  Aberdeen,  Devonshire;,  and 
Cornwall,  and  may  be  justly  considered  the  boldest  of  their 
kind  in  Europe. 

The  contractors  for  this  stapendous  undertaking  are  the  same 
who  have  carried  into  effect  so  satisfactorily  the  otiier  two 
works  of  a  similar  nature,  via.  Waterloo  and  Southwark 
bridges,  (Messrs.  Jolliflre  and  Banks.)  And  from  the  soond  and 
scientific  manner  in  which  the  work  under  remark  is  proceed- 
ing, there  is  every  reason  to  believe  that  they  will  speedily  com- 
plete  it  to  generai  satisfaction. — Their  contract  for  the  new 
bridge,  and  some  alterations  in  widening  the  water-way  of  the 
old  one,  is  £506,000,  and  they  are  bound  down  in  heavy  sureties 
to  complete  it  in  March,  1830. 

Original  contract,  £426,000 

Additional  width,    42,000 

Fourth,  sets  of  centres, 8,000 

Alteration,  of  the  old  bridge, 30,000 

Total,    fi06,000 

It  is  understood  that  the  removal  of  the  old  structure  vrili  he 
a  separate  contract. 
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in  tbo  niddlo  i  iaehes ;  by  4-  t^e  lena  ioio  three  mnoentrlo 
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nlddla  pleee  need  only  be  mm  mcA;  ftt  the  imme  time  that  the 
len*  will  have  the  lame  conTcsit;,  uid  almost  the  Mine  focal 
diileiice,  m  in  the  olber  cue,  while  the  effects  of  it  nmat  be 
macfa  Kroter  on  account  of  the  greater  Ihiokness  of  tlie  glaaa. 
Hr.  Parker,  of  Fleet-street,  Lonilon,  was  induced,  at  an 
expense  of  upward*  of  £700,  to  contrive,  and  at  leufth  to 
eomplete,  a  large  transparent  lens,  that  woold  serve  the  pnr- 
poae  of  fnsiDf  and  Titrifying  snch 
■ohstances  as  resist  the  fires  of 
onUnar;  fornaees,  and  more  espe- 
olalljr  of  applying  heat  in  tbcdo, 
and  in  other  cirouoistanees  in 
which  it  cannot  be  applied  bj  any 
Other  mean,  as  in  the  annexed 
flgnre.  After  directing  his  atten- 
tion for  several  jcara  to  this  ob- 
ject, and  performing  a  great 


rle^  of  experimenli  in  the  prose- 
cnbon  of  it,  he  at  last  succeeded 


in  the  constractioa  of  a  lens  of 
flint  glass,  3  feet  in  diameter, 
which,  when  fiaed  in  its  frame, 
axpases  a  surface  of  32  Inches 
la  tbe  clear ;  the  distance  of  the 
focQS  is  6  feet  9  inches,  and  its 
diameter  I  inch.  The  rays  from 
this  large  lens  are  received  and 
transmitted  throu^  a  smaller 
one  of  13  inches  diameter,  itt 
focal  length  29  inches,  and  diame- 
ter of  its  focas  I  inch  ;  .id  that  this 
second  lens  increases  the  power 
of  the  former,  as  8>  to  3>,  or  rather  more  than  7  to  I. 
In  the  elevation,  (as  in  the  following  figure,)  A  is  the  lens  of 


Hie  diameter  mentioned ;  B  is  a  second  lent,'  16  ioobes  diane ' 
ter  1  C  a  truncated  cone,  composed  of  21  ribs  of  wood,  in  wUcA 
both  lenses  are  fixed  ;  D  is  a  rack  passingthroogh  the  pillar  L; 
Bits  handle;  F  a  barofwood,  fixed  between  the  two  lower  ribs  «f 
the  cone  at  G.  in  which  the  apparatus  H,with  the  iron  plate  I, 
taming  on  the  ball  and  socket  K,  to  hold  thereon  the  matter 
under  experimeoti  LLa  frame  moving  on  the  castors  HH. 
Below  the  table  N  are  three  friction  wheels,  that  move  Ae 
machine  horieontallj.  O  a  Strang  iron  bar,  in  which  Ac  hna 
snd  the  cone  hang.    ' 

The  following  B^re  represents  the  section,  a  is  tbe  great 
leoi  marked  A  in  tbe  elevation  ;  b  the  frame  containtDf  OM 
great  lens ;  I  tbe  small  lens  marked  B ;  tj  the  fknme  thai  e«B^ 
tains  the  small  lens;  e  the  truncated  eone  C;  /tbe  bar  ra 


which  the  apparatus  P  turns ;  f  tbe  iron  plate  marked  F :  A  tb* 
cone  of  rays  fanned  bj  the  great  lens  a  falling  on  the. lens  (;  i 
the  cone  of  rays  formed  by  the  refraction  of  the  lens  t.  In  tt« 
front  view  in  Mr.  Parker's  lees,  A  is  the  great  lens  in  Its  ctr- 
cular  frame ;  m  the  iron  bow  in  which  it  hangs ;  I  the  sspport. 
From  a  variety  of  experiments  made  with  tins  lens,  the  fiA- 
lowing  are  selected  to  serve  as  a  specimen  of  its  powers  :— 

SntiwseH  fan.  wllh  ih^  WdshI  ad  W.l(lil  ta  IIm  M 

Gold,. ...pure, 30 4 

Silver,  ..ditto, 20 3 

Copper,   ditto, 33 90 

PlatiDa,  ditto, 10 3 

Nickel 18 3 

Bar  iron,  a  cnbe 10 it 

Cast  iron,  ditto, 10 8 

Steel ditto 10 13 

Scoria  of  wrought  iion, 12 9 

A  topaa,  of  chrysolite, 3 tt 

An  oriental  emerald, .................    H  ......  4t 

Crystal  pebble, T « 

Topaa, 10 3D 

Hintoriental lo 35 

Rough  cornelian 10 76 

Jasper, |0 « 

Onyx, 10 SO 

Oamet, 10 17 

White  rfaomboldal  ipar 10 00 

Hr.  Parker  farther  informs  us,  that  a  diamond  welgfaing  10 
grains,  exposed  to  this  lens  for  .30  minutes,  was  reduced  to 
6  grains  ;  but  gold  remained  in  its  metallic  state,  without  appa- 
rent  diminution,  notwithstanding  an  exposure  at  intervals  of 
maay  hours.  With  regard  to  exprrimenta  on  iron,  it  is  remark- 
able that  the  lower  part.  viz.  the  part  in  contact  with  the  cbar- 
cdbI.  was  first  melted,  when  that  part  which  was  exposed  ta 
the  focus  remained  nofnsed.  For  farther  particulars  on  this 
subject  see  Rees's  Cyclopedia,  article  Burning  Glass ;  see  aln 
an  essay  on  "  Mirrors  Ardens,"  by  M,  Peyrard,  sabjoined  It 
the  French  translation  of  the  works  of  Archimedes. 

BURTHEN,  or  Burden,  the  weight  or  measnre  aFany  tpe- 
cies  of  merchandise  that  a  ship  will  carry  when  Bt  foraea; 
tbe  general  rule  for  finding  which  is,  to  multiply  tbe  length  of  tbe 
keel,  the  inner  midship  breadth,  and  the  depth  from  the  maJts 
deck  to  the  plaok  joining  the  keelson,  together ;  which  prodnet 
divided  liy  M  gives  tbe  tonnage,  or  burden,  renoired  in  tona. 

BUSHEL,  a  measure  for  dry  goods,  wMdt  by  an  not  af 
parliament,  passed  In  1007,  is  to  contain  2100*42  onhio  tnobec, 
tU.  "  Every  round  bushel,  with  a  plain  and  eren  bottgn,  li  tm 


188 


C  A  L 


DICTIONARY   OF   MECHANICAL  SCIENCE. 


C  A  L 


Hence,  a  rope  of  1  inch  diameter  is  capable  of  bearings  a  strain 
of  1*8  ton. 

'    Ciroom.  Thread.  Weight— Ibt.     Strain. — ^Tons. 


4  

77 

308  ... 

...  3-2 

6 

174 

096  . . . 

1244  ... 

1940  ... 

3808  ... 

6296  ... 

. . .  7-2 

8 

311  

...  12-8 

10 

14 

486 

...  20-0 
...  30-2 

18 

1574  

...  64-8 

20 

1943  

7772  ... 

...  800 

This  estimate  applies  to  new  ropes,  formed  of  the  best  mate- 
rials, not  much  twisted,  and  having:  the  strands  laid  even.  If 
yarns,  of  180  yards  long,  be  worked  up  into  ropes  120  yards 
only,  it  will  lose  one-fonrth  of  the  strength,  the  exterior  fibres 
alone  resisting  the  greatest  strain. 

The  long  cable  is  not  so  apt  to  break  as  the  short  one, 
because  it  will  bear  a  great  deal  more  stretching  before  it 
comes  to  the  greatest  strain ;  it  therefore  resembles  a  sort  of 
spring,  which  may  be  very  easily  extended,  and  afterwards 
recovers  its  first  state,  as  soon  as  the  force  which  extended  it 
is  removed.  Besides  all  this,  a  ship  will  ride  much  smoother 
with  a  long  cable,  and  be  less  apt  to  pitch  or  plunge  deep  in 
the  water  with  the  fore  part.  On  the  contrary,  the  short  cable, 
being  too  nearly  vertical  to  the  anchor,  cannot  bear  such  a 
strain,  because  it  is  charged  with  a  greater  effort ;  and,  as  it 
will  not  bear  stretching,  may  break  the  first  violent  tug.  The 
ship  also  rides  with  much  greater  difficulty,  labours  extremely, 
and  often  plunges  all  her  fore  part  under  water.  Every  ship 
should  be  furnished  with  sufficiency  of  cables,  or  what  is  called 
ground  tackle ;  for  owing  to  a  deficiency  of  this  necessary 
article,  many  excellent  vessels  have  been  lost,  and  it  is  an  in- 
considerate policy  indeed,  in  merchants,  to  expose  their  ships 
to  such  evident  dangers  for  the  want  of  them. 

CAGE,  an  enclosure  of  wire,  or  wicker,  for  the  confinement 
of  birds  or  wild  beasts.  Cage  means  also,  in  carpentry,  some 
outer  work,  or  timber  enclosing  other  timber,  as,-  the  cage  of  a 
windmill ;  the  cage  of  a  staircase,  the  wooden  walls  or  sides 
that  enclose  it. 

CALAMINE,  a  mineral  composed  of  zinc,  iron,  and  some- 
times other  substances  ;  its  colour  is  sometimes  whitish  or 
gray ;  at  other  times  brown  or  blackish,  red  or  deep  yellow. 

CALAMUS,  the  rotan^.  or  true  Indian  cane,  abundant  in 
Sumatra,  is  one  of  those  plants  from  which  the  drug,  called 
dragon's  blood,  is  obtained. 

CALASH,  a  small  light  chariot,  or  garden  chair,  of  which  a 
new  sort  going  on  two  wheels  has  been  invented  ;  not  hong  on 
traces  and  springs,  yet  easier  than  the  common  coaches,  and 
possessing  the  singular  advantage  of  recqvering  its  proper 
position,  should  it,  by  any  irregularity  of  the  road,  or  other 
accident,  be  overturned. 

.  CALCAR,  a  small  oven,  or  reverberatory  furnace,  in  which 
th«  first  calcination  of  sand  and  potashes  is  made,  for  turning 
)hem  into  frit,  from  which  glass  is  ultimately  made.  This  fur- 
nace, 10  feet  long,  7  wide,  2  deep,  is  heated  by  flame  reverbe- 
rating from  the  roof  upon  the  frit,  over  the  surface  of  which 
the  sraoke  rolls  quite  black,  escaping  by  the  mouth  of  the  cal- 
car.  The  coals  burn  on  grates  of  iron,  to  allow  the  ashes  to 
preripitate. 

CALCAREOUS  Earth,  the  same  as  lime,  and  of  which 
there  are  various  combinations,  as  marble,  limestone,  marie, 
gypsum.  Vast  quantities  of  marine  shells,  and  the  bones  of 
animals,  are  found  imbedded  in  it. 

CALCINATION.    See  Chemistry. 

CALCULATION,  the  act  of  computing,  as  in  Arithmetic, 
Astronomy.  Geometry,  &c. 

CALCULUS,  among  Mathematicians,  denotes  a  certain  way 
of  performing  mathematical  operations. 

Calcdi.us,  in  Medicine,  the  disease  of  the  stone  in  the  blad- 
der or  kidneys ;  the  term  is  Latin,  and  signifies  a  little  pebble. 
Hard  waters,  that  contain  limy  earth,  contribute  to  the  forma- 
tion of  human  calculi. 

CALENDAR,^  in  Chronology,  a  distribution  of  time, 
accommodated  to  the  purposes  of  civil  life,  exhibiting  the 
order  of  days,  weeks,  months,  festivals,  &c.  that  happen  and 
AQOceed  in  the  coarse  of  one  year.    The  calendar  of  Romalus, 


or  the  ancient  Romish  year,  consisted  of  ten  months,  namely, 
Marhui  of  thirty- one  days,  Apnlis  of  thirty.  JIfaiW  of  thirtjF- 
one,  Junius  thirty,  Quintilis,  of  thirty-one,  Sextilis  of  thirty, 
September  of  thirty,  October  of  thirty-one,  November  of  thirty, 
December  of  Uiirty  ;  in  all,  three  hundred  and  four  days. 

The  Roman  year  of  Noma  consisted  of  twelve  months. 
Januarius  had  twenty-nine  days,  Februariut  twenty-eight,  Mmr- 
tius  thirty-one,  Aprilis  twenty-nine,  Maius  thirty-one,  Jwtitu 
twenty-nine,  Quintilis  thirty-one,  Sextilis  twenty-nine,  SeptetH' 
ber  thirty-one,  October  twenty-nine,  November  twenty-nine; 
December  twenty-nine ;  in  all,  three  hundred  and  fifty-five. 
The  months  called  Quintilis  and  Sextilis,  from  their  order  in 
Romulus's  year,  were  changed  into  Julius  and  Augustas,  in 
honour  of  Julius  Csesarand  his  successor  Augustus. 

The  Julian  year  consists  of  twelve  months,  viz,  January  of 
thirty-one  days,  Februajy  of  twenty-eight,  March  of  thirty-one, 
April  of  thirty.  May  of  thirty-one,  June  of  thirty,  Julif  of  thirty- 
one,  August  o(  iUiriy -out,  Septemifer  o(  thirty ,  October  of  thirty- 
one,  November  of  thirty,  December  of  thirty-one ;  in  all  three 
hundred  and  sixty-five.  Every  fourth  year,  in  the  Julian 
account,  has  three  hundred  and  sixty-six  days,  Febrnarv  then 
having  twenty-nine,  as  we  have  before  observed.  The  Gregoriam 
year  has  the  same  number  of  months  and  days  as  the  Julian, 
the  only  difi*erenne  being  that  each  month  in  the  former  begins 
eleven  days  sooner  than  the  latter. 

The  Jewish  year  consists  of  twelve  months.  Nisan  or  Abib  has 
thirty  days,  Jiar  or  Zins  twenty-nine ;  Siban  or  Sivan  thirty, 
Thamus  or  Tamus  twenty-nine,  Ab  thirty,  Elul  twenty-nine, 
Tisri  or  Ethanim  thirty,  Marchescan  or  Bui  twenty-nine,  Cisleu 
thirty,  Tebeth  twenty-nine,  Shebat  or  Schebtth  twenty-nine, 
Adar  twenty-nine ;  in  all  three  hundred  and  fifty-four.  This 
is  made  to  agree  with  the  solar  year,  by  adding  eleven,  and 
sometimes  twelve  days. 

As  the  form  of  the  year  is  various  among  difi'erent  nations, 
so  likewise  is  its  beginning.  Tiie  Jews,  like  other  nations  of 
the  East,  had  a  civil  year,  which  commenced  with  the  moon  in 
September;  and  an  ecclesiastical  year,  which  began  from  the 
new  moon  in  March.  The  Persians  begin  their  year  in  the 
month  answering  to  June.  The  Chi  nest-  and  most  of  the  Indian 
nations  begin  it  with  the  first  moon  in  March;  and  the  Greeks 
with  the  new  moon  that  happens  next  after  the  summer  solstice. 

In  England,  the  civil  or  legal  year  formerly  commenced  on 
the  2dth  of  March,  and  the  historical  year  on  the  first  day  of 
January.     But  since  the  alteration  of  the  style,  in  1762,  the 
civil  year,  in  this  country,  as  we  observed  before,  has  likewise 
begun  on  the  first  of  January.  ^ 

CALENDS,  orKALKNDs,  in  the  Roman  Chronology,  the  first 
day  of  every  month.  It  was  one  of  the  offices  of  the  poutifices 
to  watch  the  appearance  of  the  new  moon,  and  give  notice* 
thereof  to  the  high  priests ;  upon  which  a  sacrifice  beinjc* 
offered,  the  pontiff  summoned  the  people  together  in  the  Capi^ 
tol,  and  there  with  a  loud  voice  proclaimed  the  number  of 
calends,  or  the  day  whereon  the  nones  would  be ;  which  he  did. 
by  repeating  a  formula  as  often  as  there  were  days  or  calends* 
And  hence  also  our  term  calendar. 

The  Ngnes  were  the  5th  day  of  January.  February.  April, 
June,  August,  September,  November,  and  December,  and  the 
7th  of  March,  May,  July,  and  October.  And  tiie  Ides  hap- 
pened 9  days  niter  the  nones;  that  is,  on  the  1.3t!i  day  of 
February.  April,  June,  August.  September,  November,  and 
Deeeniher  ;  and  on  the  15th  of  March,  May,  July,  and  October. 

CALIBER,  or  Calipkr,  properly  denotes  the  diameter  of 
any  round  body  :  thus  we  say  the  caliber  of  the  bore  of  a  gun, 
the  caliber  of  a  shot,  &c. 

Caliber  or  Caliper  Compasses,  or  simply  Calipers^  a  sort  of 
compass  made  with  bowed  or  areh'^d  legs,  for  the  purpose  of 
taking  the  diameter  of  any  round  body. 

CALICO,  a  cloth  made  from  cotton  wool,  resembling  linens; 
the  name  is  from  Calicut,  a  city  in  India,  from  wheiice  the 
Spaniards  or  Portuguese  first  brought  calicoes.  » 

Calico-Printing,  or  the  art  of  applying  coloured  patterns 
on  a  white  or  coloured  ground  of  linen  or  cotton,  has  been 
practised  in  India  for  more  than  two  thousand  years,  but  has 
not  been  cultivated  in  Europe  more  than  a  century.  This  art 
depends  on  the  action  of  certain  bodies,  which,  by  chemical 
agency,  permanently   unite  the  colouring  matter   of  dyeinf 
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tite  of  alamine,  yellow;  acetite   of  iron,  olive,  drab,  doTe; 
the  mixtare,  olive  preen,  olive. 

If  the  part  of  the  yellow  be  covered  over  with  the  indigo 
liqnor,  applied  with  a*  pencil,  it  will  be  converted  into  green. 
If  the  same  liquid,  blue  may  be  given  to  such  parts  of  the  print 
as  require  it.  If  the  cotton  be  dyed  with  madder,  instead  of 
quercitron  bark,  the  print  will  exhibit  the  following  colours : — 
Acetite  of  alumine,  red ;  acetite  of  iron,  brown,  black ;  the  mix- 
ture, purple. 

When  a  greater  number  of  colours  are  to  appear ;  for  in- 
stance, when  those  communicated  by  bark,  and  those  by  mad- 
der, are  wanted  at  the  same  time,  mordants  for  part  of  the 
pattern  are  to  be  applied ;  the  cotton  is  then  to  be  dyed  in  the 
madder  bath,  and  bleached  ;  then  the  rest  of  the  mordants,  to 
fill  up  the  pattern,  are  added,  and  the  cloth  is  again  dyed  with 
quercitron  bark,  and  bleached.  The  second  dyeing  does  not 
much  affect  the  madder  colours ;  because  the  mordants,  which 
render  them  permanent,  are  already  saturated.  The  yellow 
tinge  is  easily  removed  by  the  subsequent  bleaching.  Some- 
times a  new  mordant  is  also  applied  to  some  of  the  madder 
colours,  in  consequence  of  which,  they  receive  a  new  perma- 
nent colour  from  the  bark.  After  the  last  bleaching,  new 
colours  may  be  added  by  means  of  the  indigo  liquor.  The 
following  table  will  give  an  idea  of  the  colours  which  may  be 
given  to  cotton  by  these  complicated  processes. — 1.  Madder 
Dye.  Acetite  of  alumine,  red  ;  acetite  of  iron,  brown,  black ; 
acetite  diluted,  lilac ;  both  mixed,  purple.— 2.  Bark  Dye,  Ace- 
tite of  alumine,  yellow;  acetite  of  iron,  dove,  drab;  ulac  and 
acetite  of  alumine,  olive ;  red  and  acetite  of  alumine,  orange. 
—3.  Indigo  Dye,    Indigo,  blue ;  indigo  and  yellow,  green. 

Thus  no  less  than  twelve  colours  may  be  made  to  appear 
together  in  the  same  print,  by  these  different  processes.  These 
instances  will  serve  to  give  the  reader  an  idea  of  the  nature 
of  calico-printing,  and  at  the  same  time  afford  an  excellent 
yiustration  of  the  importance  of  mordants  in  dyeing. 

Were  it  possible  to  procure  colours  sufficiently  permanent, 
hf  applying  them  at  once  to  the  cloth  by  the  block  or  the  pen- 
eil,  as  is  the  case  with  the  mordants,  the  art  of  calico-printing 
would  be  brought  to  the  greatest  simplicity ;  but  at  present 
this  can  only  be  done  in  oYie  case,  that  of  indigo ;  every  other 
colour  requires  dyeing.  Compositions,  indeed,  may  be  made, 
by  previously  combining  the  dye  stuff  and  the  mordants.  Thus 
▼ellow  may  be  applied  at  once,  by  employing  a  mixture  of  the 
infusion  of  quercitron  bark  and  acetite  of  alumine,  red,  by 
mixing  the  same  mordant  with  the  decoction  of  alumine,  and 
8o  on.  The  colours  applied  in  this  way,  are,  unfortunately,  far 
inferior  in  permanency  to  those  produced  when  the  mordant 
is  previously  combined  with  the  cloth,  and  the  dye  stuff  after- 
wards applied  separately.  In  this  way  are  applied  almost  all 
the  fugitive  colours  of  calicoes,  which  washing,  or  even  expo- 
sure to  the  air,  destroys. 

CALIPPIC  Period,  in  Chronology,  a  period  of  76  years, 
continually  recurring,  after  which  it  was  supposed  by  Calippus, 
that  the  lunations.  &.c.  of  the  moon  would  return  again  in  the 
game  order ;  which,  however,  is  not  exact,  as  it  brings  them 
too  late  by  a  day  in  225  years. 

CALOMEL,  dulcified  sublimate  of  mercury,  is  a  combina- 
tion of  mercury  with  muriatic  acid ;  called  also  nd>'muriate  of 
wureury, 

CALORIC,  in  Chemistry,  a  modem  term  introduced  into 
philosophy,  to  denote  that  substance,  by  the  influence  of  which 
are  produced  all  the  phenomena  of  heat,  and  which  was 
formerly  distinguished  by  the  term  igneous  fluids  matter  of  heaif 
and  other  analogous  demonstrations. 

Heat,  considered  as  a  sensation,  or,  in  other  words,  sensible 
beat,  is  only  the  effect  produced  upon  our  organs  by  the  motion 
of  caloric,  disengaged  from  surrounding  bodies.  To  illustrate 
this,  let  us  observe,  that  in  general  we  receive  the  impression 
only  in  consequence  of  motion,  and  it  might  be  established  as 
•n  axiom,  that  without  motion  there  is  no  sensation.  This 
general  principle  applies  very  accurately  to  the  sensations  of 
beat  and  cold.  When  we  touch  a  cold  body,  the  caloric,  which 
always  exerts  itself  to  attain  an  equilibrium  in  all  bodies, 
passes  from  our  hand  into  the  body  we  touch,  and  give  us  the 
feeling  or  sensation  of  cold.  The  contrary  happens  when  we 
iMiob  a  warm  body ;  the  caloric  then,  in  passing  firom  the 


body  into  our  hand,  produces  the  sensation  of  heat.  ] 
hand  and  the  body  it  touches  be  of  the  same  temperati 
very  nearly  so,  we  receive  no  impression  of  either  heat  oi 
because  there  is  no  motion  or  passage  of  caloric.  Wb 
thermometer  rises,  it  shews  that  the  free  caloric  is  en 
into  the  surrounding  bodies.  The  thermometer,  which  is 
these,  receives  it  in  proportion  to  its  mass,  and  to  the  ca 
which  it  possesses  for  containing  caloric.  Free  calorio  J 
which  is  not  combined  in  any  manner  with  any  body,  i 
we  live  in  a  system,  to  the  matter  of  which  caloric  has 
strong  affinity,  we  are  never  able  to  obtain  it  in  a  ff 
absolute  freedom. 

Combined  Caloric  is  that  which  is  fixed  in  bodies  by  a 
or  elective  attraction,  so  as  to  form  part  of  the  substs 
the  body. 

Specific  Caloric.  By  the  expression  of  specific  calc 
bodies,  we  understand  the  respective  quantities  of  i 
requisite  for  raising  a  number  of  bodies,  of  the  same  wei| 
an  equal  degree  of  temperature.  This  proportional  qaai 
caloric  depends  upon  the  distance  between  the  const 
particles  of  bodies  and  their  greater  or  less  degree  of  cob 
and  this  distance,  or  rather  the  space  or  void  resulting  fi 
is  called  the  capacity  of  bodies  for  containing  calorio.  C 
is  the  cause  of  fluidity  and  of  vapour. 

Bodies  which  transmit  caloric  easily,  are  called  cosd 
of  caloric;  and  according  to  the  power  of  doing  this,  tli 
termed  good  or  bad  conductors.  Those  which  do  not  tn 
heat  at  all,  or  with  great  difficulty,  are  called  non-condi 
The  best  conductors  of  heat  are  metals,  and  the  best  no 
doctors  of  fluids  are  water  and  air.  Charcoal  is  alai 
sidered  as  a  non-conductor.  Heat  is  produced  by  ooJ 
friction,  chemical  action,  the  solar  rays,  electricity,  galv4 
&c.  The  instruments  for  measuring  its  intensity  are 
Pyrometers.    See  Fire. 

CALX,  lime,  but  a  dignified  title  for  any  powder  rem 
after  burning    a  metal ;  and  because  in   burning  tlio 
imbibes  oxygen,  and  the  powder  from  it  becomes  heavic 
the  metal  was  before,  all  metallic  calces  are  now-a-days 
oxides^  and  rust  is  also  an  oxide. 

CAMBLET,  a  stuff  made  of  wool,  hair,  or  silk,  and 
times  of  all  these  mixed. 

CAMBRIC,  a  species  of  linen  made  of  flax,  very  fh 
white,  deriving  its  name  from  Cambray,  in  France,  whe 
cloth  was  first  made. 

CAMEL  is  the  name  given  to  a  machine,  employed 
Dutch  for  carrying  vessels  heavily  laden  over  the  S9ni 
in  the  Zuyder-Zee.  In  that  sea,  opposite  to  the  nHHitk 
river  Y,  about  six  miles  from  the  city  of  Amsterdam^  t^ 
two  sandbanks,  between  which  is  a  passage  called  Uic 
pus,  sufficiently  deep  for  small  vessels,  but  not  for  those 
are  large  and  heavily  laden.  On  this  account,  ships  wli 
outward  bound  take  in  before  the  city  only  a  small  | 
their  cargo,  receiving  the  rest  when  they  have  got  thrmi 
Pampus.  And  those  that  are  homeward  bound  miisl 
great  measure,  unload  before  they  enter  it.  For  this  i 
the  goods  are  put  into  lighters,  and  in  these  transported 
warehouses  of  the  merchants  in  the  city ;  and  the  large  l 
are  then  made  fast  to  boats  by  means  of  ropes,  and  i 
manner  towed  through  the  passage  to  their  stations. 

Though  measures  were  adopted  so  early  as  the  middle 
sixteenth  century,  by  forbidding  ballast  to  be  Uirown  ii 
Pampus,  to  prevent  the  further  accumulation  of  sand 
passage,  that  inconvenience  increased  so  much  from 
causes  as  to  occasion  still  greater  obstruction  to  trade ; 
at  length  became  impossible  for  ships  of  war,  and  othsral 
laden,  to  get  through  it.  About  the  year  1672  no  other  r 
was  known  than  Uiat  of  making  fast  to  the  bottoms  el 
large  chests  filled  with  water,  which  was  afterwards  pi 
out ;  so  that  the  ships  were  buoyed  up,  and  rendered  sn# 
light  to  pass  the  shallow.  By  this  method,  which  was  eit 
with  the  utmost  difficulty,  the  Dutch  carried  out  their  noi 
fleet  to  sea  in  the  above-mentioned  year.  This  plan,  Im 
gave  rise  soon  after  to  the  invention  of  the  camel,  hf 
the  labour  was  rendered  easier. 

The  camel  consists  of  two  half  ships,  constructed  in 
manner  that  they  can  be  applied  below  water,  on  each  i 
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Nomeroaii  oircumj lances  contribute  to  faciKtatB  or  re- 
tard operatioos  iu  canal-mBkiaK  ;  as,  the  silnstioa  aod  oba- 
laoler  of  the  ground  and  couDlry,  the  TioiDitj  and  cDuiiex- 
ion  of  rivers.  But  ihc  great  liuaineii  is  the  construotioii  of  the 
Locks,  or  Basons,  lined  with  walls  of  masonry,  and  bailt 
where  the  gioaai  ii  hilly.  The  priociple  of  a  lock  is  this : 
Suppose  a  declivity  of  10  feet  in  a  length  of  fiOyardsof  grouad. 
Then  we  mast  constract  a  haaon,  with  a  flood-gate,  so  that 
when  RMBd  with  water  from  above.  It  may  permit  the  vessel  to 
pais  on  along  the  apper  ohannei  of  the  caoai.  A  fall  of  17  feet 
would  require  two  locks;  a  fall  of  36  feet,  three  locks,  eacU 
baving  8  feet  8  inches  fall.  All  these  operaliuns  proceed  oq 
the  priociple  of  cODtinuing  levels  to  given  paints,  and  by  arti- 
ficial means  Soaling  a  boat  some  8  feet  perpendicularly,  when 
wc  caooot  proceed  further  with  the  level,  in  order  that  she  may 
swim  in  another  saperior  level,  and  vireterta. 

Tht  Form  of  Lockt,  should  approach  hi  nearly  aspoxaible  to 
the  Ggnre  of  the  boats  that  are  to  navigate  ibem.  The  width 
must  only  exceed  that  of  the  boat  by  a  space  snflicieDt  to  work. 
the  gates.  A  rectangle  is  therefore  the  most  natural  Gfcore, 
because  it  consumes  the  smallest  qnaotity  of  water,  is  tilled 
and  emptied  in  the  shortest  time,  and  is  constructed  at  the 
least  expense. 

TU  Ltnglk,  Depth,  and  Breadth  of  Lactu,  ought  also  to  be 
regulated  by  the  form  of  the  boats,  which  are  generally  long; 
and  narrow,  with  flat  bottoms.  Narrow  lock-gates  are  more 
easily  worked  than  broad  ones,  and  narrow  boats  are  mor« 
easily  drawn  than  those  which  are  wider  and  shorter, 

Retervoirt  or  Baiiiu,  must  be  resorted  to  wherever  a  donble 
lockage  is  aoavoidable,  from  undulations  in  the  line  of  naviga- 
tion. These  basins  should  collect  the  Hooded  waters  from  an 
ample  surface  of  country,  and  be  so  high  as  to  enable  alt  the 
water  they  contain  to  be  drawn  into  the  summit  of  the  canal. 
Tbey  should  contract  towards  their  lower  extremity,  so  as  to 
require  a  comparatively  abort  embankment  or  bead,  which 
should  be  placcHJ  upon  a  substautinl  foundation.  Reservoirs 
must  not  leak.  The  dimensions  of  their  embankmeuta  must  be 
regalated  by  the  nature  of  the  materials. 

For  the  theory  and  practice  of  Canal  Culling,  with  Plant  of 
LmJu  on  the  most  celebrated  canals,  see  Inland  NAVCOAttoN. 

Canal  Emhamkmttu. — Since  the  pressure  of  any  fluid  is 
proportional  merely  to  the  depth  below  the  larfane,  the  strain 
borne  b;  a  sluice  on  the  sides  of  a  canat  must  increase  iioi- 
fbrmly  from  the  top  to  the  bottom.  The  centre  of  pressure  is 
hence  not  in  the  middle,  but  at  one-third  of  the  entire  attitude. 
To  this  point,  therefore,  if  more  strength  be  wanted,  the  addi- 
tional prop  should  be  applied. 

If  water  be  confined  in  a  canal  or  basin  by  a  wall  or  em- 
bankment, the  thickness  of  the  dike  must  increase  regularly  in 
proportion  to  its  depth.  Tbe  adhesion  of  any  miiterials,  or 
their  resistance  to  a  lioriaontal  thrust,  may  be  estimated  as  a 
oertain  proportion  of  their  weight,  commonly  the  half  or  the 
tliird  part     Let  A  B  be 

the  height  of  the  wall,  and  a  / 

make  its  density  to  three  ^      ^  f 

tJmestbatofwater.asAB  i^.       ■] -,  / 

to  BC,  andjoin  AC,  which    — ^r  '' '  ,  .        -..  / 

will  represent  the  proper  " !  "i  'i'in         \  jr 

slope.    Ifthedikebacom-  I  ,    >^:|  \ 

posed  of  stones  or  bricks,  ,  ■  ,■  |  '-.^ 

tlie  base  B  C  must  be  at  ;  >^  '>, 

least  equal  to  the  altitude  '    '  M  ^' 

AB  J  but  if  it  consists  of  ,  ■    -^  ]_ 

earth,  BC  should  be  one  D 

half  more.  When  the  em- 
bankment is  formed  of  earth,  its  side  mutt  not  be  perpendi- 
oolar  ;  it  should  form  an   inclined   plane,   not  exceeding  36 
degrees,  or  (As  angle  t^  ''■^P^■  '"^t  the  softened  parts  should 
slide  down  ;  the  outside,  being  more  solid,  may  be  steeper. 

TktCmutruetvi»  of  Locke  or  J'/ixuf  Ga«J-  — fa  caoal  naviga- 
tion, a  boat  is  raised  from  a  lower  to  a  higher  level  by  a  itnts 
of  l<>cka,  a  portion  of  tbe  water  somewhat  exceeding  the  length 
of  the  Tesael  being  enclosed  at  tha  tides  by  walls,  and  at  both 
•nda  by  maMiwy,  and  opposite  flood-gates.  As  soon  as  it 
PMiea  Ibeie  {ates.  they  are  sbat  behind  it  i  and  a  small  lateral 
or  inparlai  uqice  beug  opantd,  tli«  wattr  rashes  into  tbe 


enclosure,  and  quickly  BioHuts  to  the  higher  level,  thas  en 
the  vessel  again  to  pioceed.  A  similar  operation  is  peil 
at  each  successive  lock.  In  desceniling  tbe  canal,  tl 
cedure  is  exactly  reversed,  the  water  contained  in  the  at 
enclosures  being  allowed  to  flow  out,  and  thus  tower  by  d 
the  level  of  tbe  boat 
The  flood-gates  are  contrived  to  shut  at  a  oertain  nog 


this  angle  be  very 


they  SI 


a  loo  great  a  presao 
yet  closp  feebly.  1 
and  B  C  represei 
flood  -  gates  of  a 
which  are  opened  li 
of  the  extended  ara 
andBF.  Whensb 
^ate  A  C  is  piesaed  t 
augirs  hy  the  wate 
a  force  as  AC  itself, 
from  the  piinciptlo 
lever,  most  evert 
pendicular  effort  atl 
C,  as  the  square  of  A  C  The  thrust  thence  produced 
direction  A  B  will  be  as  A  C  X  C  D,  and  will  encounter  ai 
and  opposite  thnist  from  the  gate  B  C.  These  two  forct 
stitute  the  power  which  closes  tbe  ga<(-s.  Tbe  force  with 
tbey  are  made  to  cohere,  thus  increasing  with  AC  aM 
must  augment  rapidly  when  the  angles  B  A  C  and  A  B 
enIarged,or  their  mutual  inclination  ACB  beeomesdimii 
If  the  angle  ACB  were  very  obtuse,  those  conjoiiMd 
would,  like  a  low  roof,  occasion  a  great  thrust  a 
tbe  walls  of  tlie  canal,  or  the  centres  of  the  gates  at  A  i 

The  thrust  in  the  direction  C  A  might  be  shown  to  be m 


A  C  being  constant,   - 

tity  is  evidently  the  diameter  of  a  circle  circumscriM 
triangle  ACB;  and  since  the  least  circle  is  that  des 
about  tbe  point  C,  tbe  angle  ACB,  at  which  the  gatai 
should  be  a  right  an^le. 

CA?JCER,_(Ae  Crah,  s,  is  the  first  of  the  samnter 
which  the  sua  enters,  acrurdioKto  the  fixed  sodiac  of  tbe 
nomcrs,  on  (be  21st  of  June,  introducing  the  first  day  0 
mer,  and  the  longest  day  in  tbe  northern  hemisphen 
middle  of  day  at  the  north  pole,  and  the  middle  of  night 
south  pole.  Agreeably  to  the  moveable  zodiac  of  natn 
sun  enters  this  sign  July  the  19th.  The  sun,  on  June  3 
at  his  greatest  north  declinatiuo,   and  is  vertical  to  tbe 


Crab.  And  on  this  account  tbe  north  pole,  which  bos  i 
greatest  inclination  to  the  sun,  enjoys  perpetual  day. 
tropic  of  Cancer  is  in  the  light  from  6  in  the  morning  I 
night  1  the  parallel  of  London  from  a  quarter  before- 
quarter  after  8.  and  the  polar  circle  just  touches  the  di 
that  the  sun  has  only  the  lower  half  of  his  disk  bid  lin 
inhabitants  on  that  circle,  for  a  few  minutes,  about  ait 
Thus  do  we  account  for  summer  in  the  northern  regiona 
earth. — The  boundaries  and  contents  of  this  constellaiia 
on  the  north  by  Lynx,  east  by  Leo,  south  by  Hydra,  aw 
by  Gemini.  There  are  83  stars  in  this  sign,  viz.  seven 
4th  magnitude,  and  the  remainder  of  inferior  magni 
a  Canceris,  near  the  eastern  extremities  of  the  great  soi 
claw,  having  12P  31' 6*  north  declinatloD,  and  1.13°  S* 
right  ascension,  rises  nearly  E.N.E,  at  London,  and  ritt 
culmiuatea  as  follows :  Meridian  Altitude,  61°  (f  ff. 
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first  reinforce  rinp.  The  second  reinforce  contains  the  ogee 
next  to  the  first  reinforce  ring,  and  the  second  reinforce  ring. 
The  chase  comprehends  the  ogee  nearest  to  the  second  rein- 
force ring  ;  the  chase  girdle  and  astragal,  and  the  muzzle  and 
astragal.  The  trunnions  are  always  placed  on  the  second 
reinforce,  so  that  the  breech  part  of  the  cannon  may  weigh 
something  more  than  the  muzzle  part,  to  prevent  the  piece 
from  starting  up  behind  when  it  is  fired. 

Ayariety  of  experiments  made  with  great  care  and  accuracy, 
prove  that  the  powder,  when  on  fire,  possesses  at  least  4000 
times  more  space  than  when  in  grains.  Therefore,  if  we  sup- 
pose that  the  quantity  of  powder  with  which  a  cannon  is 
charged,  possesses  one-fourth  of  a  cubical  foot  in  grain,  it  will, 
when  on  fire,  occupy  the  space  of  about  1000  cubical  feet.  The 
same  experiments  evince  also,  that  the  powder,  when  inflamed, 
is  dilated  equally  round  its  centre.  One  grain  of  powder  fired 
in  the  centre  of  difierent  concentric  circles,  round  which  grains 
of  powder  are  placed,  shall  therefore  set  fire  to  all  those 
grains  at  once.  From  this  principle,  it  necessarily  follows, 
tiiat  powder  when  fired  in  a  cannon,  makes  at  the  same  instant 
an  equal  eff'ort  on  every  part  of  the  inside  of  the  piece,  in  order 
to  expand  itself  about  its  centre  every  way.  But  as  the 
resistance  from  the  sides  of  the  piece  turns  the  action  of  the 
powder  so  as  to  follow  the  direction  of  the  bore  of  the  cannon, 
when  it  presses  upon  the  ball,  so  as  to  force  it  outwards,  it 
presses  also  on  the  breech  of  the  cannon,  and  this  gives  the 
piece  a  motion  backwards,  that  is  called  the  recoil,  which  is 
restrained  by  the  breeching,  and  the  convexity  of  the  decks. 
The  recoil  in  some  degree  diminishes  the  action  of  the  powder 
upon  the  shot.  But  this  cannot  be  avoided  ;  for  if  the  carriages 
were  fixed  so  as  not  to  give  way  to  this  motion,  the  action  of 
the  powder,  or  the  eflbrt  that  causes  the  recoil,  would  tear 
them  to  pieces  in  a  very  short  time. 

The  metal  of  the  cannon  is  not  equally  thick  in  all  parts,  but 
is  in  some  measure  proportioned  to  the  force  of  the  powder 
which  it  is  to  resist.  At  the  breech,  where  the  effort  is  strong- 
est, the  thickness  of  the  metal  is  equal  to  the  diameter  of  the 
corresponding  shot  At  the  first  reinforce,  when  this  begins 
to  slacken,  the  thickness  is  somewhat  less  than  at  the  breech ; 
at  the  second,  where  the  force  is  still  further  diminished,  the 
thickness  is  more  reduced  than  at  the  first ;  and  by  the  same 
rule,  the  chase  has  less  thickness  than  the  second  reinforce. 
The  thickniess  of  the  chase  gradually  diminishes  from  the  trun- 
nions to  the  mouth  of  the  piece ;  so  that  if  a  cannon  was  with- 
out a  cascabel,  trunnion,  and  mouldings,  it  would  exactly 
resemble  the  frustum  of  a  cone,  or  a  cone  deprived  of  the 
small  end. 

Cannons  are  charged  by  putting  down  into  the  bottom  first 
a  quantity  of  powder,  one-third  or  one-half  the  weight  of  the 
ball.  This  is  done  with  an  instrument  termed  a  ladle,  which 
Is  a  kind  of  cylindrical  spoon,  generally  made  of  copper,  and 
fixed  to  the  end  of  a  stafi*  called  its  handle.  Upon  the  powder 
is  put  in  a  wad  of  rope  yarn,  formed  like  a  ball,  which  is 
pressed  down  upon  the  powder  with  an  instrument  called  a 
rammer ;  upon  this  wad  is  put  the  ball  or  shot,  and  to  secure  it 
in  its  proper  place,  another  wad  is  firmly  pressed  down  upon 
it,  which  operation  is  called  ramming  home  the  wad  and  shot. 
The  touch-hole  of  the  piece  is  then  filled  with  powder,  from  the 
upper  part  of  which  a  littie  train,is  laid  that  communicates  with 
it.  The  use  of  this  train  is  to  prevent  the  explosion  of  the 
powder  from  operating  directly  upon  the  instrument  employed 
to  fire  the  piece,  which,  in  that  case,  might  be  forced  out  of 
the  hand  of  the  gunner. 

In  the  modern  pieces,  a  littie  gutter  or  channel  is  framed  on 
the  upper  part  of  the  breech,  to  prevent  the  train  from  being 
dispersed  by  the  wind.  This  channel  reaches  firom  the  touch- 
hole  to  the  base  ring. 

The  cannon  being  pointed  to  its  object,  or  the  place  it  is 
intended  to  strike,  the  train  is  fired,  and  the  flame  immediately 
conveyed  to  the  powder  in  the  touch-hole,  by  which  it  is  further 
communicated  to  that  in  the  piece.  The  powder  being  kindled, 
immediately  expands,  so  as  to  occupy  a  much  greater  space 
than  when  in  grains,  and  thus  dilated,  it  makes  an  eflfort  on 
every  side  to  force  itself  oat  The  ball  making  less  resistance 
than  the  sides  of  the  piece,  apon  which  the  powder  presses  at 
tte  same  time,  is  driven  ^at  by  its  whole  effort,  and  acquires 


that  violent  motion  which  is  well  known  to  the  world.  A 
firing,  there  is  a  sponge  used  to  clean  the  piece,  and  exUnf 
any  sparks  that  may  remain  behind.  In  the  land  service, 
handle  of  the  sponge  is  a  long  wooden  staff*;  but  in  ships  of  ^ 
this  handle,  which  usually  contains  the  rammer  at  its  o 
end,  is  a  piece  of  rope  well  stifl'ened  by  spun-yarn,  which  ii 
this  purpose  firmly  wound  about  it.  By  this  convenience 
rammer  becomes  flexible,  so  that  the  piece  is  charged  wi 
the  ship,  as  the  person  who  loads  it  may  bend  and  accon 
date  the  length  of  the  rammer  to  the  distance  between 
muzzle  and  the  ship's  side  ;  being  at  the  same  time  sbelt 
from  the  enemy's  musketry,  to  which  he  would  be  exposed 
using  a  wooden  rammer  without  the  ship.  To  sponge  a  pi 
therefore,  is  to  introduce  this  instrument  into  the  bore, 
thrusting  it  home  to  the  further  end  thereof,  to  clean  the  w 
cavity. 

The  worm,  of  which  there  are  difierent  kinds,  is  used  to  ^ 
the  charge  when  necessary.  The  bit,  or  priming-iron,  is  a  I 
of  large  needle,  whose  lower  end  is  formed  into  a  gim] 
serving  to  clear  the  inside  of  the  touch-hole,  and  render , 
to  receive  the  prime.  The  lint-stock  is  a  kind  of  staff,  a] 
three  feet  long,  to  the  end  of  which  a  match  is  occasioi 
fastened  to  fire  the  piece. 

The  following  is  Mr.  Robin's  scheme  for  augmenting 
force  of  the  present  sea-bi(tteries,  on  this  plain  principle — 
all  ship-guns  should  be  cast  upon  the  model  of  the  d2-poonc 
measuring  by  the  diameter  of  the  respective  bullet ;  so  tha 
each  pound  of  bullet  there  should  be  allowed  one  hundred 
two-thirds  of  metal  only.  The  advantages  of  this  scheme 
appear  by  the  following  comparison  of  the  weight  of 
present  pieces,  with  their  weight  proposed  by  this  new  fab 


Poonders. 


Weight  now  in  Hundreds. 


Weight  by  New  Fi 


24 48  to  46 

18 41  to  39 

12 34  to  31 

9 29  to  26 

6 34  to  18 


40 
30 
20 
15 
10 


Hence  it  appears  that  the  24-pounders  will  be  eased  of 
8cwt  of  useless  metal;  and  instead  of  guns  of  inferior  cal 
now  used,  much  larger  ones  of  the  same  weight  may  be  b< 
especially  when  it  is  remembered  that  this  computation  cjlo 
even  the  present  proportion  of  the  32-pouDders;  so  that 
the  above  projected  18-pounders,  for  instance,  2  or  300  w< 
may  be  safely  taken.  The  changes  then  proposed  by 
author  are  these  : — 

Ponnders.  Hondreds.  Poanders.  Haadi 

r  6      of      24andl8^  r  ^^  ^  ^ 

For)    ^ 29and26/    ^ew  )  18  S 

'^^  )  12 34  and  31  (    ^®^  )  ' ^ 2 

tl8 41  and  393  C /** ^ 

The  nine-pounders  lately  cast,  being  still  lighter  than  wl 
here  represented,  they  may,  perhaps,  be  only  transformed 
12-pounders  ;  but  this  will  be  a  \ery  great  addition  of  strei 
and  the  12-pounders  thus  borne,  will  be  considerably  li| 
than  the  smallest  nine-pounders  now  in  use.  The  weif! 
the  present  three-pounders  is  not  remembered  exactly  bj 
author,  but  he  doubts  not  that  they  are  heavier  than  the 
posed  six-pounders,  and  may  therefore  be  changed  for  t] 
And  the  author  believes,  that  one-fourth  or  one-fifth  of 
weight  of  the  bullet  in  powder,  if  properly  disposed,  is  ab 
antly  soflBcient  for  every  species  of  ship's  guns. 

Borinp  Cannon.  (See  PI.  Oil  Mill.)— Till  within  a 
years,  iron  cannon  were  cast  with  a  cylindrical  cavity,  ni 
of  the  dimensions  of  the  caliber  of  the  piece,  which  was  a 
wards  enlarged  to  the  proper  caliber  by  means  of  steel-cui 
fixed  into  the  dog>head  of  a  boring  bar-iron.  Three  equ 
tant  side-cntters  were  requisite  to  preserve  the  caliber  stn 
and  cylindrical ;  and  a  single  cutter  was  used  at  the  end  ol 
bar  to  smooth  the  breech  of  the  piece.  In  boring  cannon 
hollow,  the  piece  was  fixed  upon  a  carriage  that  could  be  uh 
backwards  and  forwards  in  a  direct  line  with  the  centre 
water-wheel ;  in  this  centre  was  fixed  the  boring-bar,  of  a  i 
cient  length  to  reach  up  to  the  breech  of  the  piece,  or  more ; 
perly  to  the  further  end  of  the  caliber.  The  carriage  with 
piece  being  drawn  backwards  from  the  centre  of  the  wi 
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mhttl  to  introdiire  the  borinfc  and  finishing:  bars  and  cutters, 
it  if  then  prrsjird  forwards  upon  this  bar  by  means  of  levers, 
wei|Ehts.  kv.  and  the  water-wbcci  bcinf?  set  y^oinfr,  the  bar  and 
fellers  are  turn«*d  round,  and  clean  out  and  smootli  the  caliber 
to  its  proper  dimensions. 

Experience  at  IuhI  pointed  out  many  inconveniences  arising 
from  the  method  of  castini?  k^ds  hollow,  and  widening?  the 
calibers  by  boriufc  bars ;  but  chiefly,  that  all  f^uns  cast  hollow 
Wcame  more  or  less  sponicy  where  they  ouy^ht  to  have  been 
Most  compact;  and  numberless  cavities  also  were  created 
roand  the  cores,  from  stuf^natcd  air  ycenerated  in  them,  which 
were  too  deep  to  be  cut  out  by  the  borinfC.  To  remedy  these 
defects,  iron  cannon  as  well  as  brass  is  now  universally  cast 
solid,  by  which  means  the  column  of  metal  is  j^reatly  cnlarf^ed, 
and  the  ^rain  more  compressed;  and  the  com i action  becomes 
in  the  heart  of  the  column,  and  consequently  is  cut  out  by  the 
perforation  for  the  caliber. 

Gons  are  bored  out  of  the  solid  reversely  from  the  hollow 
Method.  The  piece  A  is  placed  upon  two  standards  B  B, 
by  means  of  two  journeys,  turned  round  by  machinery ;  the 
Creech  D  being:  introduced  into  the  central  line  of  the  wheel, 
with  the  muzzle  towards  the  sliding;  carriage  E,  which  is  pressed 
iDfvards  by  a  ratch  F,and  weights,  in  the  same  way  as  the  gun 
etrriaice  was  In  hollow-boring.  I'pon  this  sliding  carriage  is 
lied,  truly  horizontal  and  central  to  the  gun.  the  drill-bar  (r, 
to  the  end  of  which  is  fixed  a  carp's-tongue  drill  or  cutter  H  ; 
which,  being  pressed  forward  upon  the  piece  whilst  it  is  turn- 
iig  roaod,  perforates  the  bore,  which  is  afterwards  finished 
with  ban  and  cutters  as  the  hollow  guns  were. 

The  machinery  for  boring  of  ordnance  is  sometimes  put  in 
notion  by  a  steam-engine  ;  and  in  this  way,  from  18  to  24  groat 
gvns  have  been  boring  at  the  same  time ;  the  borer  in  each 
piece  being  brouj^ht  up  to  its  proper  place  in  the  gun,  b>  a 
lever  and  weishts.  In  this  method  of  bringing  up  the  borer, 
the  pressure  may  always  be  made  equable,  and  the  motion  of 
the  borer  regular ;  but  the  disadvantage  is,  that  without  due 
attention,  the  borer  may  work  up  too  far  towards  the  breech, 
and  the  piece  be  spoiled. 

••  In  the  Uoyal  Arsenal  at  Woolwich,"  says  Dr.  Gregory, 

**  ooly  one  piece  is  bored  at  a  time  in  the  same  mill :  the  gun 

to  be  bored  lies  with  its  axis  parallel  to  the  horizon,  and  in 

that  position  is  turned  round  its  axis  by  means  of  wheel-work, 

■oted  by  one  or  more  horses.     The  borer  is  laid,  as  above 

described,   in   the   direction   of  the  axis   of  the  gun,   and  is 

iactpable  of  motion  in  any  direction  except  that  of  its  length  ; 

lad  in  this  direction  it  is  constantly  moved  by  means  of  a 

Hull  rack-wheel,  kept  in  proper  motion  by  two  men,  who  thus 

sake  the  point  of  the  borer  so  to  bear  against  the  part  f»f  the 

cm  that  is  boring,  as  to  pierce  and  cut  it.     The  outside  of  the 

nail  smoothed  at  the  same  time  by  men  with  instruments  fit 

for  the  purpose,  whilst  it  turns  round,  so  that  the  bore  may 

ke  exactly  in  the  centre  of  the  metal.     In  this  way  the  boring 

ii  performed  with  great  nicety,  the  guns  scarcely  ever  failin?  in 

Ike  examination.     But  in  these  mills  the  horses  work  to  great 

^iadvantage,  the  diameters  of  the  walks  in  which  the>  move 

WiBf  far  too  small.'*    See  Gun.  Powder,  Ginnerv. 

Cannonade,  the  application  of  artiUery  to  the  purposes 
^  vir,  directing  the  shot  agninst  some  remote  object,  us  a 
•Vp,  a  fortress,  &c.  which  it  is  designed  to  destroy  or  ciipturc. 
Ii  the  nftrine,  a  large  vessel  may  be  considered  as  a  combi- 
aaiioc  of  floating  batteries,  and  hence,  her  efforts  must  be 
peaily  superior  to  those  of  a  fortress  on  land ;  but  this  is  not 
*l«ajs  the  case,  for  on  tome  particular  occasions  her  situation 
Hiy  be  eztremely  dangerous,  and  her  cannonading  inrflTertual. 
TWre  are  several  circamttances  in  which  her  superiority  con- 
Mi,  rts,  the  power  of  bringing  her  different  batteries  to  con- 
*er|te  to  one  point ;  of  shifting  the  line  of  her  attack  so  as  to 
^  Ike  greatest  possible  execution  against  the  enemy,  or  to  lie 
*kre  she  will  be  the  least  exposed  to  his  shot;  and  chiefly 
Wrasse,  by  employing  a  much  greater  number  of  cannon 
tCiJBit  m  fort  than  it  can  possibly  return,  the  impression  of  her 
vtillery  mgainst  stone  walls  soon  becomes  decisive  and  irre- 
Mstible.  Besides  these  advantages  in  the  attack,  she  is  also 
ircatly  soperior  in  point  of  defence ;  because  the  cannon  shot 
pasting  with  rapidity  through  her  sides,  seldom  do  any  execu- 
tMi  out  of  tbe  line  of  their  flight,  or  occaaioo  mach  nitchief 
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by  their  splinters  ;  whereas,  they  very  toon  shatter  and  destroy 
the  faces  of  a  parapet,  and  produce  incredible  havock  anionjs&t 
the  men  by  the  fragments  of  the  stones,  &c.  A  ship  ma\  also 
retreat  when  she  finds  it  too  dangerous  to  remain  lonui  r 
exposed  to  the  enemv's  tire,  or  when  her  own  fire  cannot  pri*- 
duce  the  desired  effect.  Finallv,  the  fluctuating  sitUHii«m  of  a 
ship,  and  of  the  element  on  which  she  rests,  render  the  etforti^ 
of  shells  very  uncertain,  and  altogether  destroys  the  eflcct  of 
the  ricoshet  or  rolling  and  l>ounding  shot,  whoMc  execution  is 
so  pernicious  and  destructive  to  a  fortress  in  land  engage 
ments  ;  both  of  which,  however,  a  ship  of  war  may  appl\  wiHi 
great  success.  On  the  contrary,  the  chief  inconvenience  tt» 
which  she  is  exposed,  is,  that  the  low-laid  cannon  in  a  foit, 
near  the  brink  of  the  sea,  may  strike  her  repeatedly  on  or  undtr 
the  surface  of  the  water,  so  as  to  sink  her  before  her  cannonade 
can  have  any  considerable  efficacy. 

CANOE,  a  sort  of  Indian  boat,  or  vessel,  formed  of  the 
trunk  of  a  tree  hollowed,  and  sometimes  of  several  pieces  of  the 
bark  fastened  together;  they  are  used  on  various  occasions.  »« 
fishing,  passage,  trade,  &c.  and  are  of  several  sizes,  acc<irding 
to  the  different  uses  for  which  they  are  designed  in  difierent 
countries.  They  are  generally  rowed  with  paddles,  instead  of 
oars,  which  are  pieces  of  li^ht  wood,  nearly  resembling  a  com 
shovel,  and  instead  of  moving  the  paddle  horizontally  like  an 
oar,  they  row  perpendicularly  ;  the  small  ones  arc  very  nar- 
row, having  only  room  fur  one  person  in  breadth,  and  eiisht  or 
ten  lengthways.  They  very  easily  carry  sail,  unless  when 
goins:  before  the  wind,  and  their  sails  are  made  of  a  sort  of 
rushes  or  silk  grass  ;  they  seldom  havr  any  rudder,  the  want  of 
which  is  supplied  by  a  dexterous  management  of  the  hind  (»ar.H. 
The  Indians  who  navigate  them  are  very  expert  in  rowing 
uniformly,  and  in  balancing  them  properly  with  their  bodic*t. 
whii'h  would  be  ditlicult  for  a  stranger  to  do,  however  well 
accust(»med  soever  to  the  conducting  of  our  boats,  on  arctMint 
of  the  extreme  liirhtncss  of  the  canoes,  and  their  aptness  to  be 
overturned.  The  Ncgroi's  in  (tuinea,  and  even  many  in  tht* 
East  Indies,  use  them.  The  American  Indians,  when  they  are 
necessitated  to  land  on  account  of  a  waterfall  or  other  occa- 
sion, carrv  their  canoes  on  their  heads  or  shoulders,  till  tliev 
arrive  at  some  place  where  they  may  again  be  launched.  1  lie 
canoe  of  the  Esquinirtux  Indians  in  Labrador  has  a  litrht 
wooden  frame,  and  the  shell,  instead  of  a  plank,  is  made  Huh 
seal  skins  sewed  toKcther,  which  are  not  onlv  extended  round 
the  bottom  and  sides,  but  likewise  over  the  top.  forniiiii:  a 
complete  deck,  and  ha\ing  only  one  opening  conveniently 
framed,  and  situated  to  admit  the  Indian  into  his  seat.  A  li.if 
hoop  is  fitted  to  this  hole  risimr  about  fi»ur  inches,  to  w)or!i 
the  surrounding  skin  is  sewed.  The  Indian's  calf-skin  jacket 
being  of  a  proper  length,  he  can  occasionally  bind  the  Mkirt  of 
it  round  the  outside  of  this  hoop,  by  which  means  he  keeps  the 
canoe  free  from  water,  and  is  enabled  to  pursue  his  game  f:tr 
from  land,  and  in  stormv  seas.  His  paddle  it  about  lit  Im  i 
long,  liuht,  and  flat  at  each  end,  with  which  he  both  row  a  ami 
steers  with  great  velm*ity  and  exactness. 

CANON,  in  Arithmetic,  Geometry,  &c.  a  general  rule  for 
resolving  all  eases  of  the  same  kind  :  this  word  is  now  seldom 
used  ;  we  say  instead  of  it,  method  or  formula. 

CANT  Timbers,  those  timbers  which  are  situated  at  the  two 
ends  of  a  ship.  Thev  derive  their  name  from  being  canted  or 
raised  obliquely  from  the  keel,  in  contradistinction  to  tli(»^e 
whose  planes  are  perpendicular  to  it.  The  upper  ends  of  those 
on  the  l)ow  or  fore  part  of  the  fthip  are  inclined  to  the  stem,  as 
those  in  the  after  or  hind  part  incline  to  the  stern-post  above. 

CANTATA,  in  Music,  a  song  or  composition  intermixed  with 
recitatives,  airs,  and  different  movements,  chiefly  intended  for 
a  single  voice. 

CANVASS,  a  strong  kind  of  cloth,  of  which  the  sails  are 
made.  Among  Painters,  canvass  is  the  cloth  on  which  they 
asually  draw  their  pioturet,  hmviog  firtt  ttrctehed  it  in  a  frame 
of  deal  wood. 

CAOUTCHOUC,  elattic  resin,  or  Indian  rubl»er,  a  sub- 
stance produced  from  an  American  tree,  hat  been  already 
explained.  This  substance  oozes  oot  of  the  trees  by  inci- 
sions made  in  them,  and  has  the  appearance  of  milk,  and  it 
is  thickened  merely  by  exposure  to  the  air. 

Caoutchovc  Omm  it  tbua  niAde :— Take  one  poand  of  tpiiil 
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•f  taq)c>tin«,  and  oiia  paand  of  die  gam,  cut  into  «n«ll  piMeit. 
(A  kBifs  dipped  In  ogld  wBtcr  cuta  Ibis  elutio  iluff  euil;.) 
Poor  the  turpeotine  inlo  a  long-necked  mairasi,  or  Gre-proof 
bottle,  M^hich  muat  be  pUoed  in  a  tand  bath  ;  Uirow  jd  ihe  gum, 
bilbj  bit,  till  it  all  diMaUoa.  Add  now  a  piDtofDUtorliDseed 
ail,  or  oil  of  poppies  ;  thttD  let  the  irhole  boil  for  a  quarter  of 
ao  boor,  and  the  prepaiatioo  ia  finJiLed.  Tliis  ii  bd  excelleut 
^but  expensive  vareisti  for  air-balloons. 

CAP,  a  itrong  tliieii  block  of  irood,  faa«ia)[  tiro  large  bole ■ 
Ibrough  It,  the  one  (qaore,  the  other  round,  nied  to  eonfine 
two  mast)  toother,  when  one  is  erected  at  the  bend  of  the 
other,  iit  order  to  lengthen  it.  The  prioeipal  caps  of  a  ship 
are  tboie  of  the  loifer  maBta,  which  are  fitted  with  a  strouf 
cy«-bolt  on  each  side,  wherein  to  hook  the  block  b;  which  tke 
topaast  is  drawn  op  tbroagh  the  cap.  The  breadth  of  all  th* 
caps  is  equal  to  twice  the  diameter  of  the  topmast,  and  tho 
length  to  twice  the  breadth.  The  thickness  of  the  main  aod 
forecaps  is  half  the  diameter  of  their  breadths ;  the  miseocap 
three-seven (hs,  and  the  topmast  caps  two-Gflfas  of  their  respec- 
ttva  breadtba.  In  the  same  manner  as  the  topmast  slides  up 
throagfa  the  cap  of  the  loner  mast,  the  top- gal  I  ant-mast  slides 
up  through  the  cap  of  the  topmasts. 

CAPILLARY  Action.  The  suspension  of  a  ilemjer  oolumn 
of  water  in  the  interior  ring  of  a  glass  tube,  is  the  popular 
explanation  of  capillarr  action,  or  attraction. 

CAFiLLAaT  7U«j.  Oneof  the  most  singular  phenomena  of 
tbeae  tubes  ia,  that  if  jou  take  several  of  them  of  different 
Biaea,  opes  at  both  ends,  and  immerse  them  a  Hide  way  into 
water,  or  anj  other  flnid,  it  will  tmmeiliately  rine  in  the  tubes 
to  a  OMisiderable  height  above  the  surface  of  that  into  which 
thej  are  immeried  (  these  heigbta  varying  nearly  in  a  recipro- 
cal proportian  of  the  diameters ;  the  greatest  hcighti,  according 
to  Dr.  Hook,  being  abovt  31  inches.  The  heights,  however,  are 
not  the  same  for  all  fluids,  some  standing  considerably  higher 
or  lower  than  others  :  and  with  regard  to  quicksilver,  it  does 
Dot  rise  in  their  tubes  at  all,  but,  on  the  contrary,  stands  lower 
in  the  tnbe  than  in  the  vessel  into  which  the  tube  is  immersed, 
and  tint  so  nuoh  tl»e  more  u  the  diameter  is  smaller.  Another 
pbenomenoB  of  these  tabes  fs,  that  such  of  them  as  will  natav 
rallj  discbarfe  water  only  by  drops,  when  electrified  yields  it 
tn  a  parpetaal  alream.  Various  hypotheses  have  been  advanced 
to  acconat  for  the  ascent  of  Ihiids  in  capillary  tubes :  soine 
attributing  it  to  the  attraedon  of  the  glass  upon  the  upper  sur- 
heeofthefloM,  otbera  again,  to  the  diminished  pressure  of 
tbe  air  on  the  flnidi  in  tbe  tube.  &c.  The  cause  of  the  pheno- 
menon is  sadsfaetorily  accounted  for  Ihas ;  It  is  a  fundamental 
property  of  fluids,  that  any  force  impressed  in  one  direction 
may  be  propagated  equally  in  every  direction.    Tbe  tendency 


ta  mount  Mpwarda. 

Capillary  aollaa  in  aot  confinad  to  giass  tubes,  but  is  exerted 
among  all  s^stanoes  perforated  by  pores,  or  lahdlvided  by 
fissures  or  interstices.  Hence,  the  cMretory  vaacular  systems 
«f  [danU  and  animals  ;  the  aaoent  of  hwnidtty  throagh  rocks, 
eank,  Ccc. ;  tbe  lymph  or  perspiratiDa  exuded  by  tbe  pores  of 
tbe  human  skin,  the  leaves  of  trees,  plkRts,  and  grasses-spores 
ibM  esoeed  not  tbe  ten-thousandth  part  of  anlnnh:  and  vtkile 
plants  retain  tbeir  vegetadng  principle,  the  humidity  they  draw 
ffiMi  0K  v»rth  b!  neau  of  their  roots,  is  oonitanlly  exhaled 
into  tbe  Mtnospbarv,  and  as  constantly  soppliod  by  die  asoent 
of  sap  from  the  roota, 

CAPRA,  dm  Mme  of  a  sinBll  Nertbani  Constellation,  c<n>- 
■isHng  of  three  stars. 

CAPRICORN,  tie  Oat,  a  sootham  cawielladon,  and  the 
tenth  sign  of  the  sodiac,  denoted  by  the  character  '^,  being- 
■DtudMl  for  the  representsitoa  of  tbe  goat's  boms.  It  Is  the 
itat  of  tbe  winter,  and  the  fowtb  of  the  anathern  signs,  aooord- 
tNf  to  ttM  Baed  wmi  intalieDUal  tiMwe  t  aod  the  sun  enters  it 
on  the  21  st  of  December,  which  is  the  time  of  tbe  winter  soU 
stiec,  ivhen  tbe  earth  mokas  the  ttmilt  from  Gemini  to  Cancer. 
Bat  tbe  viaible  and  noveabia  vodiBo  ptaoea  tbis  sign  in  tbe 
sudon  of  Aquarfua,  and  tbe  ann  eMeta  it  aboat  the  I6ib  of 
Jauaafy.  At  tbe  period  ef  tbe  winter  solnJoe,  tbe  sna  being 
verdcal  to  the  tropie  of  Capricorn,  tbe  aoudiem  bemispbere 
Mt«ya  tbe  nune  ligbt,   tee.   wUob  tte  nortben  bemispbere 
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er^yed  on  tbe  list  of  June,  when  the  sun  was  verdcal 
tropio  of  Caaoer,  It  is  then  tbe  middle  of  day  at  tb< 
pole,  and  the  middle  of  night  at  the  north  pole.— The  b 
ries  and  contents  of  Capricorn  are:  on  the  north  and 
Antinous  and  Aquarius,  on  the  aoutb  by  Piacls  Austral 
on  the  west  by  Sagittarius.  It  contains  61  stars,  tl 
which  are  of  tho  3d  magnitude,  three  of  the  4th,  k* 
following  table  shews  the  time  when  a,  a  star  of  the  thir 
□ilude,  in  the  Goat's  forehead,  rises  and  culminates 
firxt  day  of  each  month  in  the  year.  This  star  rises  ne 
theB.S.E.^B.  point  of  the  horizon,  at  London;  ili 
-.- ,  .,  ^|,^  ^^j  jj^  doclinadon  13°  6*  aS" 


OKTH. 

Rises. 

Culm. 

Month. 

RISES. 

ba.mi. 

hn-mi. 

bo.  mi. 

Jin. 

6  IBM. 

1  ili  A. 

JoIt 

a  S7    A. 

Feb. 

6  14  M. 

11   10  M. 

Aug. 

6  40  A. 

4  SS  H. 

9  SOM. 

SepL 

4  4S  A. 

Apt" 

a  SOH. 

T  3ft  U. 

t)oL 

S  SS  A. 

H.r 

la  46  H. 

S  >0M. 

Mot. 

1     0  A. 

JUM 

10  as  A. 

a  asH. 

D«. 

10  49  U. 

Tropic  D^CAFttlcoRN,  a  small  circle  of  the  sphere  pu 
the  equinocdal,  passing  through  tbe  beginning  of  Caprio 
the  winter  solstice,  or  point  of  the  sun's  greatest  M 
deolinadoD. 

CAPRIOLES,  in  tbe  Manage,  leaps  which  a  horse  i 
the  same  place  without  advancing,  in  such  a  maane 
when  he  is  at  the  height  of  the  leap,  be  jerks  out  m 
hinder  legs  even  and  near.  The  common  noiuc  of  this  e 
is,  among  dragoons,  (Ac  pillartd  horn,  becau.io  the  ani 
work  well  at  caprioles,  is  put  between  t«o  pillars,  and 
to  raise  first  bis  fore  quarters,  and  then  his  hind  ifi 
while  his  fore  ones  are  yet  in  tbe  air. 

CAPSTAN,  or  C4P1 

mim.  i<  L    .4-1  a  great  piece  of  tarn 

.  i-'  the  shape  of  a  voiie,i 

'  _        placed  behind  tbe  wi 

\  of  a  ship,  to  weigh  ai 

-■--■  J  hoist  up  or  stiike  dov 

-    ™"-i-^^     any    heavy   bulky   t^ 
bosrd   of  a  ship,   aa 
1 1  upper  liptre. 

The  advsatag«B  of 
tyinfl  machinery  are  1 
emplitied  in  tbe  sceoa 

strragth  and  simplici 
■1  represented  i«  th 
er  l^ure,  where  A 
a  compound  hnrwi 
posed  of  two  cylind 
difftrent  radii  Thi 
DEC  is  fixed  at  tbe 
mity  of  (he  cylinder  ] 
after  passing  over  tbe 

E,  which  is  attadird 
load  by  nteaas  of  lb 

F,  it  is  ooiled  roni 
odier  cylindnr  D,  an 
at  its  upper  end.    n 

etan  bar  A  B  urges  the  compound  barrel  G  D  about  ita  a 
that  while  tbe  rope  coils  ronnd  the  oybnder  D  it  unwind 
-from  the  cylinder  C  Let  us  snppose,  that  tbe  diaiai 
-the  part  D  of  tbe  barrel  is  31  incbes,  while  the  di 
of  the  part  C  is  only  tt  itiches,  and  let  tbe  puller 
30  ioohes  in  diametce,  'Whan  the  barrel  A  D,  th< 
has  porfcmned  one  complete  revelation  by  the  presae 
erted  at  U,  63  inohei  of  rope,  equal  lo  the  circnmfen 
the  cylinder,  will  be  gathered  opoo  the  cylinder  B, 
■Doha*  will  Im  nnwound  from  tbe  eylinder  C.  Tbe  ^u 
wooad  Tope,  dterefbre,  exceeds  tbe  qoandtjr  that  is  un 
fajSS—  00  ^  3  intAes,  tin  difference  of  their  retpeodi 
metera  ;  and  tbe  half  of  this  qeantity,  or  l^  iaches,  will 
•paee  throBgl  wliiafa  the  load  or  pulley  £  movea  t^  m 
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«f  the  bar.    If  a  sinple  oapftan  of  the  smiie  dimoDiioiis  kad 
htrn  employed,  the  Icnf^  of  rope  ooiled  round  the   barrel 
woald  have  been  60  inches ;  and  the  spare  described  by  the 
Milley,  or  load  to  be  overcome,  would  have  been  30  inehea« 
flow,  as  the  power  is  to  the  wci^i^ht  as  the  veloeity  of  the  weight 
is  to  the  velocity  of  the  power,  and  as  the  velocity  of  the  power 
is  the  sane  in  both  capstans,  the  weif^ts  which  they  will  raise 
will  be  as  1 1  to  30.    It  it  be  wished  to  double  the  power  of  the 
Macbine,  we  hmve  only  to  cover  the  cylinder  C  with  lathes  a 
qaarter  of  an  inch  thick,  so  that  the  diffcrenoe  between  the 
radii  of  each  cylinder  may  be  half  as  little  as  before ;  for  it  is 
•bvious  that  the  power  of  the  capstan  ioereaaes  as  the  dif- 
ferenee  between  the  radii  of  the  oylinders  is  diminished.    As 
we  iserease  the  power,  therefore,  we  increase  the  strencth  of 
•or  aiachine,  while    all    other   enf^nes  are    proportionably 
cafeebird  by  an  augmentation  of  power.    Were  we,  for  exam- 
ple, to  increase  the  power  of  the  common  capstan,  we  must 
duniiiish  Che  barrel  in  the  same  proportion,  supposing  the  bar 
A  B  not  to  admit  of  being  lengthened,  which  will  not  only 
diminish  its  strength,  but  destroy  much  of  its  power  by  the 
ndditiooal  iexore  of  the  rope. — Tliis  capstan  may  be  easily 
eeavrrted  into  a  crane,  by  ^ving  the  compound  barrel  a  hori- 
■antnl  position,  and  substitnttng  a  winch  instead  of  the  bar 
A  Bi.    The  aoperiority  of  such  a  crane  above  the  common  ones 
4oes  not  require  to  be  pointed  out ;  but  it  has  this  additional 
advaalni^,  that  it  allows  the  weight  to  stop  at  any  part  of  its 
ftagreaa,  without  the  aid  of  a  ratchet  wheel  and  catch,  because 
the  two  pa^ta  of  the  rope  pull  on  the  cootrary  aides  of  the 
hwrel.    The  rope  indeed  which  eoils  round  the  larger  part  of 
4s  barrel  acts  with  a  larger  lever,  and  oooseqoeatly  with 
greater  force,  than  the  other ;  but  as  this  excess  of  force  is 
not  aafteient  to  overcome  the  friction  of  the  machine,  the 
vikht  win  reaudn  stationary  ia  any  part  of  its  path. 

ite  priaciple  on  whioh  the  preoediag  capstan  is  constructed, 
■i|{bt  oe  applied  with  great  advantage  when  two  separate 
aslsB  A  C,  B  D  are  driven  by  oMana  of  the  wioch  H  and  the 
uhscb  B  and  A,  as  in  the  annexed  figure.  It  is  evident,  that 
ahsa  the  winch  is  tamed  round  in  one  direotson,  the  rope  r  is 
«veand  from  the  axle  B  D ;  the  wheel  B  drives  the  wheel 
A,m  that  the  axle  A C  movea 
it  s  direction  opposite  to  that 
«f  B  D,  aad  the  rope  is  coiled 
losad  tba  axle  A  C.  If  the 
^teds  A«  B,  are  of  the  same 

Jiwulu  and  the  same  nam-  _  .  ^ 

W  ef  tectli,  the  weight  W       a)   §iHMww— ^  ^ 

vilheatatioaary,  as  the  rope 
«Mni  abpot  one  axle  will  be  ^^-~  J:  ^        ^ 
>luays  eqaal  to  what  is  ea-   h 
•mad  fraia  the  other.    If  the 
«Mi  bavc  different  diame- 
icri,  or  different  numbers  of  w 

tNih,  iba  miantity  cC  rape 
•ami  roano  Iba  one  axle  will  esored  wbat  is  aaanooad  from  the 
tiM.  aad  fbe  weight  will  be  raised. 

G4PUT  Deacon  IS,  (At  Drn$tm*9  Hemd.  a  bmic  givea  by 
•lae  la  tba  star  c,  Dreoooia,  ia  the  head  af  that  conttollation. 

CABDAN.  JeaoM,  a  celebrated  asatbematidaB.  physidaa, 
<iiiitialoncr  td"  the  atxteeath  oeatury,  bam  ia  Italy  Sept.  94, 
UOI«  aad  died  at  Heme  in  Sept.  1676.  As  an  astrologer,  he 
«tt  iaviled  to  Ef^eUad  in  order  to  cast  the  nativity  of  Bdw.  V. 
Mht  bad  already  daae  thai  of  his  own ;  whioh  latter  not  being 
^•ciseijr  oarreot  as  to  the  time  of  bis  dieath,  be  is  said  to  have 
■lined  biaaelf  for  the  hoaoar  of  the  acaeoce ;  etr.  that  hiB 
iviig  might  not  dismmiit  his  art.  Hadibraa  allndes  io  €ar^ 
te'spiateaded  astrological  skill  ia  the  SaUowing  liaQS>— 

•*  r«rdui  b«1i«T«B  grett  ftstes  depend 
UpM  th«  tip  cfT  th«  fiMr*a  lail'a  ewl ; 
Aad  ••  the  wiska  it  t*w«rdt  fh«  aaa, 
SWswa  aiif  hty  •mfirm  wf  mad  *^ —  *' 
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CARIHN  AL  PoiKTS.  in  Geography  and  Navigalioa,  the  torn 
ptiatipal  paiats  af  the  oompass ;  eta.  oaat,  west,  SMrth,  aad 
•Mlh.  The  tarm  ia  derived  from  ^mrd^,  a  ibtiyf,  beiag  thai  on 
«hiih  flU  tha  others  tarn  or  defend. 

Gaa»iiiia.  JSjpasi  are  Ibaae  aA  the  lear  foaiAeii^  ar  theeqai- 


noxea  aad  aolstipes  s  rar.  the  signs  Aries,  Libre,  Canrer,  and 
Capricora*  Csrdtec/  Winds,  those  that  blow  from  the  cardinal 
poiata. 

CARDIOIDB,(seethe  annexed  figure,) 
^'<T^"^^>f^~-»    Q  the  name  of  a  carve  so  deoominated  by 

\  Castilliani,  from  its  resemblance  to  a 
t*^^  heart,  aapigm :  the  eonstructioo  of  which  is 
as  follows :— -Through  oae  extremity  A,  ai 
the  diameter  A  B,  of  the  drele  A  F  B, 
draw  a  number  of  lines  A  P  Q,  cutting  the 
circle  in  P  P,  &c.  upon  the  set  off  P  Q, 
equal  to  the  diameter  AB;  then  the 
curve  passing  through  all  the  points 
Q«  Q*  &c.  is  termed  the  Cnrdioide.  From  this  generation  of 
the  curve,  is  readily  reduced  its  principal  properties ;  rir.  that 

every  where P  Q  =  A  U 

CQorQQzz  /l<i=:2AB 
AQ=:  A II  3=  AP 
P  always  bisects  Q  Q. 

CAREENING,  the  operation  of  heaving  a  ship  down  ea 
one  side,  by  the  application  of  a  strong  purchase  to  bar  masts, 
which  are  properly  supported  for  the  u4*easion,  to  prevent  tboir 
breaking  with  so  great  a  strain ;  by  which  meaoa  one  aide  of 
the  bottom,  being  elevated  above  the  surface  of  the  water,  maj[ 
be  cleansed  or  repaired.  When  a  ship  is  laid  an  a  earaea 
every  thing  is  taken  out  of  her;  but  this  operation  Is  now 
Dearly  superaeded  by  sbeathiBg  the  ships  » ith  copper,  whereby 
they  keep  a  clean  bottom  Car  several  years.  A  ship  U  also 
said  to  careea,  whea  she  iaelines  to  one  side  at  sea  by  a  press 
of  sail. 

CARLINGS,  short  pieces  of  timber  ranging  fore  aad  all 
from  one  deck  beam  to  another,  iato  which  their  eods  are 
mortised;  tliey  are  used  to  sustaia  and  fortify  the  smaller 
beauM  of  the  ship. 

CARMINATI VBS,  Medicines  ascd  in  eelles,  or  ether  tato* 
lent  diaordere,  to  dispel  wind. 

CARMINB.    Se§  Colour  Making. 

CARNATION,  or  Clove  Pink«  an  agreeable  flower,  valued 
for  its  pleasant  iarour  aad  lovely  leaves.  It  is  said  the  fiawera 
of  this  plaat,  redaeed  to  a  decootlon,  have  cared  many  asalig* 
aaat  fevere.  ftc 

CARNELIAN,  in  Kalaral  History,  a  precious  steae,  red, 
yellow,  or  white,  usually  broegfat  from  the  East  Indies. 

CAROTIDS,  ia  Anatomy,  two  arteries  af  the  aeek,  which 
eoovey  the  blood  from  the  aarto  to  the  brain ;  oae  called  the 
right,  and  the  other  the  left  carotid. 

CARPENTEH,  a  person  who  practises  oarpeatry. 

CstrKMYR  of  a  ship,  is  aa  oficer  appointed  le  exaaifne 
aad  keep  So  order  the  fraaM  of  the  ship,  together  with  her 
Blasts,  yards,  beats,  aad  all  other  wooden  aiaehiaery,  ttkewise 
the  stores  caaimitted  to  him  by  indenture  from  the  aarveyar  of 
the  dock  yard.  It  is  the  carpenter's  daCy  in  partaoalar,  te 
keep  the  ship  tight,  for  which  parpose  be  ooght  fiaaoeatly  la 
review  the  diecka  aad  aides,  aad  to  caulk  them  whea  K  is  foaod 
necessary.  In  the  tiaM  of  battle,  he  is  to  exaaiiae  ap  and 
down  with  all  possible  attentioa  ia  the  lower  apartaMnts  vi 
the  ship,  to  stop  anf  bales  that  may  be  made  in  the  sides  by 
shot,  with  wooden  plugs,  provided  of  several  aiaee  for  thai 
purpose. 

CARPENTRY,  tbeartof  building,  framing.lcc  &€  JoiNBa. 

CARRIAGE  of  a  Oua,  is  a  ilrons  frame  of  wood  fixed  on 
four  solid  wheels,  or  tracks,  ea  which  the  canaoB  le  plaoed: 
its  chief  parts  are  as  fallow :— I.  The  sides  or  cheeks ;  2.  ik€ 
axletrees;  3.  the  traeka  or  wheels;  4.  the  transems  6w  Che 
sole  or  bottoM;  6.  *e  bed ;  7.  the  qaeM.  Tbeae  are  aM  oT 
wood.  8.  the  cap-eqnaree,  or  claoips;  9,  the  eye-belts;  M. 
joint  bolU;  11.  the  Uaaeon  belt ;  Ift.  the  bed  bolt ;  U.  hiad 
axletree  bolts;  14.  the  hreeobiag  holts;  16.  ioopa,  ar  eya» 
bolu,  to  which  the  gan  taakle  are  heoked;  idl of  iroa. 

The  Cbaftmeltea  0f  WUdCmrru^m  is  one  of  the  Meat  km^ 
portent  branches  of  wrrbaairal  eeieooe,  whether  we  canaider 
their  geaeral  use,  or  the  aumeroas  lisae  whioh  are  daily  rieked 
in  travelling  by  this  awde  «/  eoaveyaaee.  We  will,  therefore, 
in  the  firet  place,  direct  oar  roaders*  atteatiaa  to  the  wheels  of 
these  vehicles.  Every  wiieeled  carriage  oeaaists  of  twa  or 
more  wheels^  generally  four :  bat  the  fofe  wheels  af  ear 
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l^ons  are  unaccountably  small,  and  it  is  not  uncommon  to  see  | 
carts  moving  upon  wheels  scarcely  two  feet  diameter.  We 
know  that  the  convenience  of  turning  is  urged  as  the  reason 
for  diminishing  these  wheels,  and  we  allow,  that  much  address 
is  requisite  in  the  crowded  and  narrow  lanes  and  courts  of 
liondon,  toHurn  unwieldy  waggons,  drawn  by  four  huge  horses. 
The  disadvantages  of  small  wheels  will  be  obvious  from  this : 
Suppose  C  D  E  (as  in  the  annexed  figure,)  a  wheel,  and  F  G 
an  obstacle  over  which  it  is  to  be  moved  by  a  force  P,  acting 
in  the  direction 
AH;  join  AF, 
and  draw  F  m, 
F  n,  perpendicu- 
lar to  €A  and 
AH.  The  weight 
D  of  the  wheel 
is  evidently  the 
weight  to  be  rais- 
ed, and  may  be 
represented  by 
W  acting  at  the 
point  A  in  the 
vertical  direc- 
tion A  C.  We 
may  now  consi- 
der A  F  as  a  le- 
Ter,  whose  fulcrum  is  F,  and  there  will  be  an  equilibrium  when 
the  force  P  is  to  the  force  W,  as  the  perpendicular  F  n  is  to  the 
perpendicular  F  m.  And  since  F  m  represents  the  mechanical 
energy  of  the  power  P  to  turn  the  wheel  round  F,  it  is  obvious, 
that  when  F  6  is  equal  to  the  radius  of  the  wheel,  (as  in  this 
case  it  is  only  12  inches,)  the  weight  P,  however  great,  has  no 
power  to  move  it  over  the  obstacle,  for  when  F  6  is  equal  to 
A  C,  F  m  will  vanish,  that  is,  the  obstacle  being  as  high  as  the 
axletree  of  the  wheel,  it  could  never  surmount  it.  In  other 
words,  F  m  is  now  equal  to  O,  which,  if  multiplied  by  P,  no 
matter  what  the  weight  of  P  may  be,  the  product  is  O.  How 
very  difficult  then  must  it  be  for  the  best  horses  to  tug  an 
Dnwieldy  waggon  with  fore  wheels  only  14  inches  in  radius, 
Hence,  since  the  power  of  a  wheel  to  overcome  stones,  rub- 
bish, and  all  manner  of  resistances  in  the  road,  increases  with 
its  diameter,  the  advantages  of  large  wheels  for  overcoming 
such  resistances  must  be  apparent.  But  there  are  some  cir- 
cumstances, which,  independent  of  their  weight  and  expense, 
prescribe  limits  to  the  size  of  wheels.  A  wheel  should  never 
exceed  4^  feet  diameter,  that  is,  the  height  of  a  horse's  shoulder 
where  the  traces  are  fixed  to  the  collar. 

'  With  respect  to  the  shape  of  the  wheels,  every  mechanic 
would  place  the  spokes  perpendicular  to  the  axletree,  if  he 
were  not  prejudiced,  by  apprenticeship,  to  the  pretended 
advantages  of  concave  or  dishing  wheels,  or  those  which  halve 
inclined  spokes,  as  in  the  annexed  figure,  P  A,  P  B,  and  coni- 
cal rims  Ar  and  B  s.  Jt  is  alleged,  this  wheel  renders  the  car- 
riage less  liable  to  be  overturned,  by  extending  the  base ;  that 
it  IS  stronger;  that  it  hinders  the  fellies 
from  rubbing  against  the  sides  of  the  cart, 
&c.  &c.  But  the  concave  dishing  wheel  is 
more  expensive  than  the  other,  more  inju- 
rious to  the  roads,  more  liable  to  be  broken 
by  accidents,  and  less  durable  than  the 
wheel  with  spokes  perpendicular  to  the 
naves.  Look  at  the  figure,  and  you  will  see 
that  tlie  whole  of  the  pressure  which  the 
wheel  A  B  sustains,  is  exerted  along  the 
inclined  spoke,  P#  therefore  acts  obliquely 
upon  the  level  ground  tiD,  whether  the 
rims  vrith  their  tire  irons  are  conical  or 
cylindrical.  But  when  the  spokes  are  per- 
pendicular to  the  nave,  as;»it,  and  when 
the  rims  mA,  nB,  are  cylindrical,  and 
parallel  to  the  ground,  the  weight  sus- 
tained by  the  wheel  acts  perpendicularly 
upon  the  road,  and  whatever  shocks  it  may 
receive  from  resistances,  fall  upon  its 
strongest  position,  where  it  is  in  no  danger 
of  giring  way  to  the  strain. 


in 


The  Position  of  ff^heels, — All  wheels  should  revolve 
fectly  straight  axletrees,  and  be  themselves  perfectly  i 
or  perpendicular  to  the  road.     By  this  method  there  is  t 
stress  in  all  given  cases  on  the  linch-pin,  the  axles,  the 
and  rim ;  and  the  friction  less  than  in  the  conic  wheels 
partly  roll  and  partly  drag. 

On  the  Line  of  Traction,  and  the  Method  by  which 
exert  their  Strength, — In  all  four-footed  animals,  the 
feet  become  the  fulcrum  of  the  lever  by  which  their 
acts  against  the  load ;  and  when  the  animals  pull  hai 
depress  their  chest,  and  thus  increase  the  lever  < 
weight,  and  diminish  the  lever  by  which  the  load  resia 
efl'orts ;  for  it  is  a  general  law,  that  animals  draw  I 
weight,  and  not  by  the  force  of  their  muscles.  So  that 
horse  is  employed  in  drawing,  his  effort  will  depend,  i 
measure,  both  upon  his  own  weight  and  that  which  be 
on  his  back. 

Indeed  it  is  highly  useful  to  load  the  back  of  a  drawin 
to  a  certain  extent ;  though  this,  on  a  slight  consid 
might  be  thought  to  augment  unnecessarily  the  fatigo 
animal :  but  it  must  be  considered,  that  the  mass  witi 
the  horse  is  charged  vertically  is  added  in  part  to  th 
which  he  makes  in  the  direction  of  traction,  and  thus  dij 
with  the  necessity  of  his  inclining  so  much  forward  as  1 
otherwise  do ;  and  may,  therefore,  under  this  point  o 
relieve  the  draught  more  than  to  compensate  for  the  ad< 
fatigue  occasioned  by  the  vertical  pressure.  Carme 
waggoners  in  general,  are  well  aware  of  this,  and  are  coi 
very  careful  to  dispose  of  the  load  in  such  a  manner  i 
shafts  shall  throw  a  due  proportion  of  the  weight  on  tl 
of  the  shaft  horse. 

The  best  disposition  of  the  traces  during  the  time  a  1 
drawing,  is  to  be  perpendicular  to  the  position  of  th 
upon  his  breast  and  shoulders :  when  the  horse  stands  ] 
this  position  of  the  traces  is  rather  inclined  upwards  fi 
direction  of  the  road ;  but  when  he  leans  forward  to  di 
load,  the  traces  should  then  become  nearly  parallel  to  tb 
over  which  the  carriage  is  to  be  drawn  ;  or,  if  he  be  eo 
in  drawing  a  sledge,  or  any  thing  without  wheels,  the  : 
tion  of  the  traces  to  the  road,  supposing  it  to  be  hor 
should  be  about  18^^. 

From  the  preceding  observations,  it  will  be  easy  i 
cases  to  adapt  the  size  of  the  wheels  to  that  of  the 
which  is  to  dfaw  in  the  shafts,  so  that  when  he  leans  1 
to  his  work,  the  traces  may  be  nearly  parallel  to  th 
whether  that  road  be  horizontal  or  not;  always  recol 
that,  if  there  be  any  variation  from  the  parallel  posi 
must  be  rather  inclining  upwards  than  downwards ; 
former  will  somewhat  diminish  the  friction,  while  th< 
instead  of  raising  the  wheels  from  any  hollow  into  whi 
may  fall,  will  tend  to  draw  them  down  lower,  and  muchi 
the  labour  of  the  animal. 

When  several  horses  are  harnessed  one  before  ano 
that  they  may  all  draw  at  the  same  load,  and  the  s 
which  they  are  drawing  changes,  as  from  D  A  to  A  B,  ( 
engraving  in  the  next  page,)  the  efl'ort  of  the  horse 
draws  along  the  road  A  B  is  decomposed  into  two  p 
which  one  tends  to  pull  up  the  load,  the  other  to  pull  d 
horse  which  is  in  the  shafts  and  is  drawing  along  the  slo] 
This  latter  composant  is  always  greater  as  the  trace 
foremost  horse  are  the  longer.  From  the  point  E  wl 
traces  are  fastened  to  the  horse  next  the  load,  draw  Ef 
same  point  in  the  second  horse  R,  and  let  R'  be  anoth< 
tion  of  the  second  horse ;  it  is  required  to  find  the  diffei 
effect  that  will  be  produced  by  placing  the  second  boi 
or  at  R',  or  the  comparative  advantages  of  short  ai 
traces.  From  R',  the  point  where  the  traces  are  fixet 
R'F'E;  and  from  £  draw  Emn  parallel  to  the  declivi 
Take  E  F  =:  E  F'  to  represent  the  power  of  the  hors< 
direction  of  the  traces,  which  will  be  the  same  wheth< 
yoked  at  R  or  at  R';  draw  EA  perpendicular  to  D 
Fm  parallel  to  E  A,  and  F^,  F/* parallel  to  En.  The 
the  second  horse  when  at  R  pulls  with  a  force  represei 
F  E,  in  the  direction  F  E,  we  may  resolve  this  force  into  i 
forces  En,  E^,  one  of  which  En  is  solely  employed  in  d) 
the  cart  up  the  inclined  plane  D  A,  while  the  other  E  f  i 
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MiploTcd  in  preuinfc  Ibe  Brat  horiio  E  to  Iho  (crODnd.  Let  the 
ban«  b«  bow  reoMTed  from  R  to  R',  the  direction  of  the  lr*cei 
beeomr*  R  F'  B,  uid  F*  E  :=  F  E  ia  the  power  raerled  bjr  tho 
hot«c  St  R',  M)d  the  direction  in  which  It  la  eserlrd.  But  thi* 
rorce  U  equivileot  ta  the  forces  Em,  E/,  tlie  firit  of  wUch 


Ml*  dircctl7  i^Bit  the  ImU).  wUle  tlie  otliCT  pmw*  the  horae 
■K"iiiit  the  groond.  Hence  we  tee  Ibe  dl*aavuit«|[ei  of  Ionic 
traces,  for  the  fbre«  wUcb  drawi  the  load  when  the  bone  it  al 
R'»  to  the  force  when  the  hanr  ii  nl  R,  u  E  m  to  B  n,  and  the 
forcei  which  preii  the  hone  npon  the  gronnd  at  E/  to  E  f , ... 


iTMFiatoFa-    NowE^  = 


^^       =FEx  lin.  aEF;bence 

:  FE  X  xin.  (■Kj'—  'V^g')  f/E  heFnfc pMidlel  to  \B') 
•naenz:  EF  x  cos.  {»  Ey' —  FKs).  In  like  raanDer  we 
k»Te  B/=iFE  X  *ia.  (aBy'-  PEy'),  and  E«.  =  EF  x 

•0*.  (>  Bf-  -  P  By-).     No*  sin.   F  B^  =  .in.  FBy  =  g|. 

*od  sin.  F  E/  =  ^  =  ^ :   but  Rjj  =:  K  ff- =  BR — 

K<1=BR—  BRx  COS.  nEo'=  BR  X  (t  —  cos.  aEo). 
Bv  SDbslitatiaR  this  value  in  the  cquntloDi  nhich  coalain  the 
wmhwsof  Bf,  Eh,  E/,  Em,  and  cunxidrrinft  that  the  snfclet 
'By*.  PB^,  arc  ilwsys  so  smBli  that  their  arcs  differ  tctj 
""    'rom  their  woc!<.  wf  have 

BK  X  1  —  COS.  xEff      ^ PEg'  =  BR  x  i— oos,~ii6y' 
and  — ™ 


Hide  from  tJ 


R  U 


Bf  cohatitatinK  tbeie  ^linei  in  the  preceding  eqnatioiii,  we 


E/«  =  BF  X   >ia.  (aBy  - 


Ea=  BF  > 

Em=  BF  > 


i.^»Ey-   ■ 


WbT 


^ 


iiiptMse  A  B  horitOBtal.  the  BBcenl  D  C  A.  that  for  every 
II  (ret  a*  C  N  in  a  horisoDtal  plane,  the  rertical  riie  N  A  slio jid 
keooe  foot;  this  slope  is  too  sleep  for  aaj  eommoa  road,  but 
Hj  lometiiiiei  be  met  with  in  aicents  from  stone  quarries, 
Vft]  pits,  kc  In  this  case,  the  an)[te  >Ey  will  he  nearly 
f  W.  which,  anresied  in  decimal  parts  of  the  radius,  fclvcs 
U83,  Midcos.  aEj  =  0-986»8.  TbenirEP=  30ulbs. 
3|  feel,  BR  =  8 feet.   BR'  =:   13  feeL    Then  sball 


"kite, 
0) 


, . .   F  f  =  300  sin  (0-I6MB  —  """."') 
=  aOO  sia.  (r>  7  2ir  =:  31-71«'lbs. 

...  Ff  —  HOO  sin.  (0-16583  —  ' -' '.'  -^•"*'"') 

=  300«<a.B°U'2&'=32-251hs. 
...  E  9  =:  300  COS.  9°  7' asT  =  177-47II»s. 
...   Ef  =  300 


8.9°I4'2!>'=  Iff7-«Miba. 


Btaee  it  appears,  that  the  horse  whose  breast  is  at  E  is 
littd  d««Bwarda  by  the  other  horse,  with  a  force  equivalent 
h  Iheal  33I<M :  thts  weif^hl  is  small  for  n  horse  that  is  not 
U|W>4;  bwt  we  sbonld  consider,  that  when  drawing  up  a 
M^  Mad  the  uaaul's  strenElb  ii  much  weakened,  so  that  it 
17. 


mar  be  obliged  to  yield  lo  a  tery  small  eSbrt.  A  leoftheirisit 
of  four  feet  to  a  trace  of  ei|chl  feet,  will  prodaoe  an  aagmenta- 
lion  of  32-35  —  31-716  =  0634  lbs.  in  the  effort  which  tends  to 
pull  the  shaft  horse  down,  and  a  diminalion  of  187-47  —  197-404 
=:  O  068  lbs.  in  the  effort  which  raises  the  load  nn  the  bill. 
These  qaantitlea  are  not  considerable :  bat  it  appeared  desirable 
to  explain  the  method  of  as certaininx  their  ma^tade.  And  it 
may  be  added,  that  when  «  hone  palls  for  only  a  short  time, 
as  a  few  mlnntes,  be  will  often  esert  a  force  eqaiTalent  to  SCO 
or600lbs. :  in  which  ease,  the  tendency  to  pall  down  a  shaft 
bone  riling  a  UU  woald  be  thrice  as  moch  as  we  have  slated 
it  above ;  a  force  against  which  bo  horse  conld  stand  In  such  a 
diiidvantageons  posilion. 

On  tit  PefitMB  of  lAe  Cmtrt  of  Grnily.  mid  ike  mnaur  of 
ditpofing  lit  Load. — If  the  aalelrce  of  a  two-wheeled  cairiaf  e 
pass  through  the  centre  of  gravitr  of  the  load,  the  carriage  will 
be  in  equilibrio  in  every  position  in  which  ii  can  be  placed  with 
respect  to  the  ailelree;  and  In  going  np  and  down  hill  the 
whole  load  will  be  sustained  by  the  wheels,  and  will  have  no 
tendency  cither  to  press  the  horse  lo  (be  ground,  or  to  raise 
him  from  it.  Bnt  if  the  centre  of  grivily  is  above  the  axle- 
tree,  as  it  mnat  necessarily  be,  according  to  (he  present  con< 
struction  of  wheel-carriages,  a  great  part  of  the  load  will  be 
thrown  on  the  back  of  the  horses  from  the  wheels  when  going 
down  a  steep  road,  and  thus  tend  to  accelerate  the  motion  of 


heels,  and  lend  lo  raise  the  horse  from  the  grotind,  when 
there  is  the  greatest  necessity  for  some  weight  on  bis  back  to 
enable  him  to  Ax  his  feet  in  the  earth,  and  overcome  the  great 
resistance  which  is  occasioned  by  the  sleepness  of  the  road. 
On  the  contrary,  if  the  centre  of  gravity  is  below  the  axle,  the 
horse  will  be  pressed  to  the  groond  in  going  up  hilt,  and  lifted 
from  it  when  goinr  down.  In  all  these  cases,  therefore,  where 
the  centre  of  gravity  is  either  on  the  axletrce,  or  directly  above 
it  or  below,  the  horse  will  bear  no  part  of  the  load  on  level 
groond  :  id  some  instances  he  will  be  lifted  from  the  ground, 
when  there  is  the  greatest  neoeisity  for  his  being  pressed  lo  it, 
and  he  will  sometimes  bear  a  great  proportion  of  the  lo«d, 
when  he  should  rather  he  relieved  from  ii.  The  only  way  of 
remedjing  these  evils,  is,  to  aasign  such  a  position  in  Ihe 
ceolre  of  gravily,  that  the  horse  may  bear  some  portion  of  the 
weight  when  he  mnst  exert  great  force  acainst  the  load,  that 
is.  in  level  ground,  and  when  he  Is  ascending  steep  roads ;  for 
no  animal  can  poll  with  its  greatest  effort,  unless  it  is  enabled 
lo  use  Its  feet  as  levers  upon  the  groand  as  a  prop  or  falrmv. 
This  may  be  effected  in  the  following  manner:— Let  C  DB 
(las(  figure  but  two)  be  the  wheel  of  a  cart,  A  H  one  of  (be 
shafts.  H  that  part  of  the  shaft  by  which  the  cart  is  snspeoded 
over  the  horse's  back,  A  the  axletree ;  then  if  the  cart  and  the 
load  together  weigh  400lbs,  if  the  distance  A  H  be  H  feet,  and 
if  the  horse  should  bear  60  lbs  of  the  weight,  then  t  A  sbowld  be 
one  fool,  which  being  one-eighth  of  A  H,  will  make  the  preasnre 
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apoa  H  exactljr  fiO  Ibi,  for  &0  x  8  =:  400,  the  wbole  load.  If 
the  rcwd  slopes  4  iocbei  id  a  foot,  b  Q  must  be  4  inches,  or  Ibe 
an^e  ft  A  Q  shoald  be  equal  to  tbe  JDclination  of  tbe  roid  ;  for 
then  tbe  point  Q  nlll  rise  to  a  m  when  agceodiiig  tuoh  a  road, 
and  iriti  press  witb  its  greatest  force  on  R  the  back,  of  the 
borse.  In  a  word,  the  centre  of  gravit;  Q  is  placed  id  a  point 
equidistaot  from  the  two  wheels,  bat  before  tbe  line  of  trac- 
tion AH,  and  before  the  axletree — the  borse  will  bear  a  certain 
weight  on  level  xroand,  a  greater  when  going  np  hill,  and  has 
more  occasion  for  it,  and  less  weight,  when  going  down  bill, 
and  does  not  require  to  be  pressed  to  tbe  ground.  When  carts 
are  not  made  in  this  manner,  we  may,  in  some  measnre,  obtain 
the  same  result  by  Jndiciouslj'  loading  them.  In  a  cart  loaded 
with  homogeneous  materials,  as  sand,  lime,  be.  let  as  suppose 
the  centre  of  gravity  is  at  O,  we  should,  with  another  load  of 
heterogeneous  materials,  or  bodies  of  different  weights,  place 
tbe  heaviest  at  the  bottom  and  nearest  the  front,  which  would 
lowei:  the  point  a;  bring  it  farther  forward,  and  nearer  its  pro- 
per position  Q,  where  part  of  the  load  suspended  before  the 
centre  of  gravity  would  still  come  nearer  Q ;  bat  then  the  poor 
horse  is  verj  injudiciously  bardened. 

Dttcription  of  differtM  Carriagtt  that  mmw  withmU  Horiii. — 
In  tbe  annexed 
figure  is  repre- 
sented a  carriage 
invented  by  Mr. 
Richard,  a  phy- 
sician in  Rocbelle, 
which  moves  wilb- 
ont  horses,  merely 
by  tbe  exertion  of 
the  passe  Dgera. 
The  machinery  by 
which  this  is  ef- 
fected, is  placed 
in  a  box  Dehliid 
the  carriage,  and 
is  shewn  in  tha 
2d  figure,   whertt 

A  A   is    a    small  , , 

axis  fixed  in  the  box, and  B  a  pnlIey,overwhicha  rope  passes, 
whose  two  exUemtties  are  tied  to  the  ends  of  Bie  levers  or 


tnddles  C,  D ;  the  other  ends  of  the  levers  are  fixed  by  joints 
to  tbe  cross  beam.  Tbe  cranks  F  F  are  fixed  to  the  axle  KL, 
and  move  npon  it  as  a  centre.  Each  of  them  has  a  deteiK 
tooth  at  F,  which  catches  in  the  teeth  of  tbe  wheels  H,  H,  so 
that  thej  can  move  from  P  to  H  witiiout  moving  the  wheel,  but 
the  detent  tooth  catches  in  the  teeth  of  the  wheels  when  the 
cranks  are  brought  backward,  and  therefore  bring  tbe  wheel 
along  oilh  them.  When  tbe  foot  of  the  passenger,  therefore, 
is  placed  npon  the  treddle  D,  it  brings  down  the  crank  F  and 
along  with  it  the  wheel  H,  so  that  tbe  large  wheels  fixed  on  the 
same  axis  perform  part  of  a  revolution:  bat  when  D  is 
depressed,  tbe  rope  D  A  descends,  the  extremity  C  of  the  other 
treddle  rises,  and  tbe  crank  F  rising  along  with  it.  takes  into 
the  teeth  of  the  wheel  H,  so  that  when  the  elevated  treddle  C 
is  depreised,  the  wheels  H.  H,  and  consequently  the  wheels  1,1, 
perform  another  part  of  a  revolution.  In  this  way,  by  con- 
ttpning  to  work  at  the  treddles,  tbe  macbine  advances  with  a 
regolar  pace. 

A  carriage  of  this  kind,  where  tbe  mechanism  is  oaaoh  more 
■implo  and  bttantiful  than  tbat  which  we  bave  deactibed,  has 


been  lately  invented  and  constructed  by  Mr.  Nai 
Edinburgb,  a  gentleman  whose  mechanical  genius  ia 
inferior  to  his  talents  as  a  painter.  Tbe  pulley  B  an>t  i 
are  rendered  unnecessary  ;  lealher  straps  are  subal 
place  of  [he  cranks  F,  F,  and  the  whole  mechanism  is  c 
in  two  small  cylindrical  boxes,  about  six  inches  ia  < 
and  one  and  a  half  broad. 

A  carriage  driven  by  the  action  of  the  wind  is  exl 
tbe  annexed  figure.  It  is  fixed  on  four  wheels,  and  n 
the  ioi 
the  wii 
die  Mill 
ing    ga 


upon   t 

sledge  Instead  of  wheels,  so  that  if  tbe  ice  should  bi 
break,  there  will  be  no  danger  of  sinking.  Slephinos,  i 
man,  is  said  to  have  constructed  one  of  these  carria 
wheels,  which  travelled  at  tbe  rate  of  21  miles  an  hot 
very  strong  wind. 

Dr.  Phebns,  of  New  York,  has  caused  a  wheel  to 
stTUCted  which  is  pat  in  million  by  the  wind.  The  pla 
very  simple.  Itbaa  eight  horizontal  spokes  attached  i 
pendicular  axle.  Every  one  of  the  spokes  is  furnisbc 
iBi  which  extends  or  contracts  at  pleasure,  somelbini 
sadsofavessel.  Every  sail  is  hooked  up,  from  th< 
the  left,  to  the  first  loop  of  tbat  which  follows  ;  and 
iufficiently  large  to  receive  the  full  impulse  given  by  t 
This  machine,  which  is  more  easy  to  conceive  than  tn  « 
la  very  ingenious,  and  may  be  employed  in  a  gieat  m 
mentifactores. 

Tbe  carriage  represented  in  the  annexed  figure,  ii 
as  to  sail  against  the  wind  by  means  of  the  spiral  sa 
G,  H,  one  of  which,  F,  is  expanded  by  ibe  wind.    The 


of  tbe  wind  upon  the  sails  gives  a  rotatory  motion  to 
H.  furnished  with  a  cog-wheel  K;  whose  trundles  i 
teeth  placed  on  the  inside  of  the  two  fore  wheels. 

A  carriage  which  cannot  be  oterturaed.  is  repres« 
the  next  figure,  where  A  B  is  tbe  body  of  tbe  carria 
sisting  of  a  hollow  globe,  made  of  leather  or  wood, 
bottom  of  which  is  placed  an  immoveable  weight.  T' 
lontal  circles  of  iron,  D,  E,  connected  with  bars  H,I. 
vertical  circles  F,  G,  sorrouad  tbe  globe  ;  and  tbe  wh 
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The  Cartesian  system  has  been  often  altered  and  mended ; 
many  ingenious  men,  for  full  a  century,  employing  their  talents 
in  reforming  one  part  and  new-modelling  another.  But  it  is 
now  acknowledged  on  all  hands,  that  the .  foundation  was 
fiiulty,  and  the  superstructure  erroneous :  so  that  the  fabric, 
though  allowed  to  be  a  work  of  genius,  is  abandoned  to  neglect 
and  ruin,  and  is  pointed  at  as  a  memorial  of  philosophical 
presumption.  Yet  this  system,  or  one  much  more  absurd,  has 
oeen  broached  of  late,  by  a  person  who  denominates  his  vaga- 
ries, '*  the  philosophy  of  Atomic  motion."  Des  Cartes  died 
in  1650. 

CART  WRIGHT,  a  person  who  makes  carts,  ploughs,  bar- 
rows, wheelbarrows,  and  in  short  all  sorts  of  country  and  farm- 
ing carpentry ,-^for  the  word  wrxght  signifies  in  the  North,  a  t 
joiner.  But  cartwrights  are  confounded  with  wheelwrights^ 
though  the  latter  only  were  recognized  in  old  times  as  the 
legitimate  makers  of  carriages,  of  what  name  soever  these 
might  be  called. 

CASKS,  The  Manufacture  of,  is  now  much  facilitated  by 
machinery,  which  was  invented  by  Messrs.  Plaketeand  Brown, 
in  1811,  and  is  thus  perspicuously  described  in  Dr.  Gregory's 
**  Mechanics." 

*'  First  The  machinery  for  cutting  the  stave  consists  of  a 
stout  bench,  having  a  board  or  platform  annexed  to  it,  capable 
of  being  moved  endways,  to  which  another  board  is  connected, 
so  arranged  as  to  be  moved  across  it  steadily  by  racks  and 
pinions,  or  screws.  This  last  board  has  a  hollow  part  made  in 
it,  in  which  the  staveboard  may  be  laid,  so  that  one  edge  of  it 
may  project  clear  beyond  the  edge  of  the  first  mentioned  board : 
a  circular  saw  is  placed  either  above  or  below  the  bench, 
having  its  axis  at  right  angles  to  the  line  of  motion  of  the  first 
mentioned  board,  and  opposed  to  the  direction  of  the  course  of 
the  projecting  part  of  the  staveboard :  this  circular  saw  is  made 
flat,  when  the  straight-edged  staves  are  to  be  cut;  and  is 
dished,  or  of  a  spherical  shape,  when  staves  with  curved  edges 
are  wanted. 

"•The  board  first  mentioned  is  moved  either  in  a  right  line, 
or  is  made  to  assume  a  curved  coarse  by  being  confined  in 
its  motion  by  curved  grooves,  or  by  curved  rods  moving 
against  pins ;  and  by  the  proper  management  of  these  sliding 
boards,  the  staveboard  is  cut  by  the  circular  saw,  of  the  shape 
desired. 

'*  The  machinery  next  used  consists  of  a  large  lathe,  in  which 
the  cask  is  turned  in  a  vertical  position  when  it  is  of  a  large 
size,  (after  it  is  formed  in  the  usual  manner  from  the  staves 
prepared  as  above  described,)  being  either  fixed  in  a  great 
chuck  placed  beneath  it,  or  in  a  cylindrical  cage,  which  sur- 
rounds it,  fixed  upon  a  strong  upright  arbor,  and  revolving 
between  collars,  where  it  serves  the  office  of  a  mandril.  In  this 
lathe  the  chime  and  groove  for  receiving  the  head  are  turned 
in  the  cask  by  the  application  of  a  proper  tool.  When  the  cask 
is  small,  the  cage  is  made  to  turn  in  a  horizontal  position, 
instead  of  revolving  vertically. 

**  The  third  operation  is  to  form  the  head,  which  is  pinioned 
together  as  usual,  after  having  the  pinholes  made  by  piercers, 
projecting  from  the  mandril  of  a  lathb ;  the  distances  and  depth 
of  which  holes  are  eorrectly  regulated  by  gauges ;  it  is  then 
turned  on  a  flat  revolving  table,  from  which  points  project  to 
hold  it  fast,  and  against  which  it  is  held  by  another  revolving 
piece,  that  is  screwed  towards  the  first,  where  it  is  brought  to 
the  proper  size  of  the  cask  by  fit  tools. 

'*  The  fourth  operation  is  to  turn  the  whole  cask  at  the  out- 
side ;  for  which  purpose,  it  is  placed  in  a  large  lathe  between 
two  chucks,  made  to  fit  into  the  chines,  and  attached  to  the 
head  by  points ;  and  then  the  surface  of  the  cask  is  turned 
smooth  by  a  spokeshave,  or  other  fit  instrument,  held  against  it 
by  a  rest  properly  placed  for  the  purpose. 

"  The  patentees  bend  the  wooden  hoops  for  their  casks  in  a 
more  expeditious  manner,  by  fastening  one  end  of  them  to  the 
circumference  of  a  wheel,  and  pressing  them  against  the  wheel 
as  it  is  turned  round  :  they  also  describe  a  method  of  forming 
the  projecting  part  in  the  bung  staves  of  the  small  casks,  called 
bottles,  by  flat  or  concave  circular  saws,  which  cut  the  face  of  tiie 
stave  on  each  side  close  up  to  the  projection ;  and  lastly,  in 
giving  motion  to  this  machinery,  the  inventors  use  any  of  the 
usual  first  movers,  and  millwork,  as  may  be  necessary." 


CASSINI,  John  Dominic,  an  eminent  astronomer,  bom 
a  town  in  Piedmont,  in  1625.  In  1650  he  was  invited  to  t 
senate  of  Bologna  to  be  their  public  mathematical  profesw 
while  he  was  yet  but  twenty-five  years  of  age.  He  resolved  ^ 
astronomical  problem,  which  Kepler  and  Bullialdus  had  giv 
up  as  insolvable,  viz.  to  determine  geometrically  the  apog 
and  eccentricity  of  a  planet,  from  its  true  and  mean  place. 
1666  he  printed  at  Rome  a  collection  of  astronomical  pieo 
and  among  others,  a  "Theory  of  Jupiter's  Satellites.''  Cassi 
died  in  1712,  in  the  87th  year  of  his  age.  *  ' 

Cassini,  John  James,  the  son  and  successor  of  the  aboi 
born  at  Paris  in  1677,  and  educated  at  the  Mazarine  Colkf 
under  Varignon,  Professor  of  Mathematics.  At  the  age 
seventeen  he  was  admitted  a  member  of  the  Academy 
Sciences;  and  in  1696  he  visited  England,  where  he  w 
chosen  a  Fellow  of  the  Royal  Society.  He  succeeded  1 
father  in  1712,  and  enriched  the  stock  of  science  with  mm 
valuable  discoveries.     He  died  in  consequence  of  a  fall,  in  17( 

CASSIOPEIA,  one  of  the  Northern  Constellations,  repi 
sented  as  the  Wife  of  Cepheus,  and  Mother  of  Andromeda,  biH 
called  El  Seder,  the  Cedar  tree,  by  Ulug  Beig. — The  boundari 
and  contents  are:  north  by  Tarandus,  east  by  Cameloparda 
and  Perseus,  south  by  Andromeda,  and  west  by  Cepheus.-;  11 
constellation,  situated  between  45^  and  7tP  north  declinatic 
passes  vertically  over  the  British  isles,  and  a  large  portion 
Europe.  It  lies  between  47°  and  55°  right  ascension.  It  contai 
55  stars,  viz.  five  of  the  3d  magnitude,  five  of  the  4th,  &c.  T 
head  and  body  of  this  lady  are  placed  in  the  Milky  Way,  1 
right  foot  resting  on  the  Arctic  Circle.  Relatively  to  the  t 
Bears,  Cassiopeia  is  placed  opposite  to  the  space  betwc 
them,  and  she  is  very  easily  distinguished  by  five  stars  ol  \ 
3d  magnitude.  In  the  year  1752,  Tycho  Brahe  discovered 
this  constellation,  a  new  star  which  shone  with  more  light  th 
Venus,  till  1574,  when  it  disappeared  entirely.  Schedir, 
having  7°  35'  7*,  or  0^  20'  40*  right  ascension,  and  55°  32' ; 
declination  north,  culminates  or  comes  to  the  meridian  at  Li 
don,  for  the  first  day  of  every  month  during  the  year,  as  she 
in  the  foilovring  table :  Meridian  Altitude  85°  58^  2"  north. 
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CASTING  and  Moulding.  The  art  of  taking  impressifi 
from  pieces  of  sculpture,  medals,  &c.  is  of  importance  is  d 
fine  arts.  To  procure  a  cast  from  any  figure,  bust,  medal,  & 
it  is  necessary  to  obtain  a  mould,  by  pressing  upon  the  tUi 
to  be  copied  some  substance  capable  of  being  forced  intos 
the  cavities  or  hollows  of  the  sculpture.  When  this  mould  i 
dry  and  hard,  some  substance  which  will  fill  all  the jsavitiea  < 
the  mould  is  poured  into  it :  the  form  of  the  original  from  whic 
the  mould  was  taken,  is  now  accurately  represented.  Mooh 
ing  in  any  particular  manner  depends  upon  the  form  of  ti 
subject.  When  there  are  no  projecting  parts  but  such  as  for 
rectilineal  angles  with  the  principal  surface  of  the  bod 
nothing  more  is  necessary  than  to  cover  it  over  with  the  sn 
stance  of  which  the  mould  is  to  be  formed,  and  to  take  Hi 
clean,  and  without  bending.  It  may  be  laid  horizontally,  ai 
will  bear  to  be  oiled  without  injury. 

The  substances  used  for  moulding  are  various,  accords 
to  the  nature  and  the  situation  of  the  sculpture,  as  vi 
metal,  plaster  of  Paris,  &c.  This  last  is  prepared  in  a  i 
powder  mixed  with  water,  and  poured  over  the  mould  tc 
convenient  thickness,  after  oiling  it,  to  prevent  the  plaster  fri 
sticking.  A  composition  of  bees'  wax,  resin,  and  pitch,  makti 
very  desirable  mould,  if  many  casts  are  to  be  taken.  If  the  liti 
tion  of  the  sculpture  be  perpendicular,  clay,  or  some  aimi] 
substance,  must  be  used.  The  best  kind  of  clay  is  that  wi 
which  sculptors  make  their  models ;  it  is  worked  to  a  due  €C 
sistence,  and  having  spread  it  out  to  a  size  suflScient  to  ooi 
all  the  surface,  it  is  sprinkled  over  with  whiting,  to  prevail 
from  adhering  to  the  original.  Bees'  wax  and  dough,  or  1 
crnmb  of  new  bread,  may  also  be  used  for  moulding  aoi 
small  subjects,  as  impressions  of  seals  and  bijoux.    Wl 
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tlirre  are  ondercattinp:!  in  the  bas-relief,  they  must  be  first  filled 
op  before  it  can  be  moulded,  otherwise  the  mould  could  not  be 
irot  off.  When  the  casts  are  taken  afterwards,  these  places 
must  be  worked  out  with  a  proper  tool.  When  the  model,  or 
orifcinal  subject,  is  of  a  round  form,  or  projects  so  much  that  it 
cannot  be  moulded  in  this  manner,  the  mould  must  be  divided 
into  several  parts;  and  it  is  frequently  necessary  to  cast 
several  parts  sepaiately,  and  afterwards  to  join  them  together. 
In  this  case,  the  plaster  must  be  tempered  with  water  to 
such  a  consistence,  that  it  may  be  worked  like  soft  paste,  and 
laid  on  with  some  convenient  instrument,  compressing  it  till 
it  adapt  itself  to  all  parts  of  the  surface.  When  the  model  is 
tinit  covered  to  a  convenient  thickness,  the  whole  is  left  at 
rest  till  the  plaster  become  firm,  so  as  to  bear  dividing  without 
fallinic  to  pieces  by  any  slif^ht  violence  ;  it  must  then  be  divided 
into  pieees  to  be  taken  from  the  model.  This  is  done  by  cut- 
tiDfc  it  with  a  tbin-bladed  knife  ;  beinj^  now  divided,  it  must  be 
cautiously  taken  off,  and  kept  till  dry  ;  but,  before  the  separa- 
tion of  the  parts  is  made,  they  arc  notched  across  the  joints,  at 
proper  distances,  that  they  may  with  certainty  be  put  together 
apitD.  The  art  of  properly  dividing  the  moulds,  to  make  them 
leparate  from  the  model,  requires  dexterity  and  skill.  Where 
tke  sobject  is  of  a  round  or  spheroidal  form,  it  is  best  to  divide 
llie  mould  into  three  parts,  which  will  then  easily  come  off  from 
the  model ;  and  the  same  will  hold  good  of  a  c}  Under,  or  any 
regular  curve  figure. 

The  mould  being  thus  formed,  and  dry,  and  the  parts  put 
together,  it  roust  be  first  oiled,  and  placed  in  such  a  position 
that  the  hollow  may  lie  upwards.  It  is  then  filled  with  plaster 
vised  with  water;  and  when  the  cast  is  perfectly  set  and  dry, 
it  is  taken  out  of  the  mould,  and  repaired  where  necessary. 
Tbis  finishes  the  operation.  In  larger  masses,  where  there 
womid  otherwise  be  a  great  thickness  of  the  plaster,  a  core  may 
be  put  within  the  mould,  as  was  observed  in  regard  to  the  cast- 
iiU  of  statues,  to  produce  a  hollow  in  the  cast.  This  saves 
expense  of  plaster,  and  renders  the  cast  lighter. 

Id  the  same  manner,  figures,  busts,  &c.  may  be  cast  of  lead, 
nr  toy  other  metal,  in  the  moulds  of  plaster  or  clay  ;  the  moulds 
must  be  perfectly  dry,  for  should  there  be  any  moisture,  the 
sodden  heat  of  the  metal  will  convert  it  into  vapour,  and  pro- 
duce by  its  expansion,   an   explosion,  that  would  blow  the 
ludted  metal  about  to  the  great  danger  of  the  artist. 

T^Uke  m  Cast  in  Mettufrom  anjf  small  Animalt  Insect,  or 

yifttMe. — Prepare  a  box,  sufficiently  large  to  hold  the  animal, 

ia  which  it  must  be  suspended  by  a  string  :  the  legs,  wings,  &c. 

of  the  inimal,  or  the  tendrils,  leaves,  &c.  of  the  vegetable,  must 

^separated  and  adjusted  in  their  ridit  position  by  a  pair  of' 

pioeers.     A  due  quantity  of  plaster  of  Paris  mixed  with  talc, 

Mt  be  tempered  to  a  proper  consistence  with  water,  and  the 

■det  of  the  box  oiled.     Also  a  straight  piere  of  stick  must  be 

pit  to  the  principal  part  of  the  body,  and  pieces  of  wire  to  the 

(ttremities  of  the  other  parts,  that  they  may  form,  when  drawn 

Utafker  the  matter  of  the  mould  is  set  and  firm,  proper  chan- 

Mb  for  pouring  in  the  metal,  and  vents  for  the  air,  which 

otherwise,  by  the  rarefaction  it  would  undergo  from  the  heat  of 

Ike  Bietals.  would  blow  it  out,  or  burst  the  mould.     In  a  short 

tiae  the  plaster  will  set,  and  become  hard ;  the  stick  and  w  ires 

My  now  he  drawn  out,  and  the  frame  in  which  the  mould  was 

nit  taken  away;  and  the  mould  must  then  be  put,  first,  into  a 

■•derate  heat,  and,  afterwards,  when  it  is  as  dry  as  it  can  be 

vvidered  by  that  degree,  removed  into  a  greater,  which  may  be 

mdoally  increased,  till  the  whole  be  red  hot.    The  animal  or 

vffetable  enclosed  in  the  mould  will  then  be  burnt  to  a  coal ; 

iM  may  be  totally  calrined  to  ashes,  by  blowing  for  some 

^  into  the  charcoal  and  passages  made  for  pouring  in  the 

■ftal.  and  giving  vent  to  the  air.    This  operation,  at  the  same 

titte  that  it  destroys  the  remainder  of  the  animal  or  vegetable 

Mter,  will  blow  out  the  ashes.    The  mould  is  then  allowed  to 

^  gently:  the  destruction  of  the  substance  that  had  been 

jieladed  in  it,  has  now  produced  a  corresponding  hollow  ;  but 

itaav  nevertheless  be  proper  to  shake  the  mould,  and  blow 

*ith  bellows  into  each  of  the  air  vents,  to  free  it  wholly  from 

iiv  remaining  ashes ;  where  there  may  be  an  opportunity  of 

ttag  tbe  hollow  with  quicksilver,  it  will  he  found  an  effectual 

■Mhod  of  cleaaing  the  cavity,  as  all  dust  and  ashes  must  rise 

Is  the  surface  of  the  quicksilver,  and  be  poured  out  with  it. 

17. 


The  mould  being  thus  prepAied,  must  be  heated  very  hot, 
when  used,  if  the  cast  is  to  be  made  of  copper  or  brass,  but 
a  less  degree  will  serve  for  lead  or  tins.  The  metal  being 
poured  into  the  mould,  it  must  be  gently  struck,  and  then 
suffered  to  rest  till  it  be  cold ;  it  is  then  carefully  taken  from 
the  cast,  but  without  force ;  such  parts  of  the  matter  as  appear 
to  adhere  more  strongly,  are  to  be  softened,  by  .soaking  in  water 
till  they  be  entirely  loosened,  that  none  of  the  more  delicate 
parts  of  the  cast  may  be  broken  off  or  bent. 

When  talc  cannot  be  obtained,  plaster  alone  may  be  used ; 
it  is  apt  however  to  be  calcined,  by  the  heat  used  in  turning 
the  animal  or  vegetable  from  whence  the  cast  is  taken,  and  to 
become  of  too  incoherent  and  fusible  a  texture.  Stourbridge 
clay,  washed  perfectly  fine,  and  mixed  with  an  equal  part  of 
fine  sand,  may  be  employed.  Pounded  pumice-stone,  and 
plaster  of  Paris,  in  equal  quantities,  mixed  with  washed  clay 
in  the  same  proportion,  make  exellent  moulds. 

To  take  a  Cast  in  Plaster  from  a  Person*s  Face. — The  person 
whose  likeness  is  required  in  plaster,  lays  down  on  his  back, 
the  hair  is  tied  back,  so  that  none  of  it  may  cover  the  face.  Into 
each  nostril  a  conical  piece  of  stiff  paper  open  at  both  ends  is 
conveyed,  to  allow  of  breathing.  The  face  is  then  lightly  oiled 
over  with  salad-oil,  to  prevent  the  plaster  from  sticking  to  the 
skin.  Fresh  burnt  plaster  is  mixed  with  water  to  a  proper 
consistence,  and  poured  in  spoonfuls  all  over  the  face,  (tak- 
ing care  the  eyes  are  shut,)  till  it  is  entirely  covered  to  the 
thickness  of  a  quarter  of  an  inch.  This  substance  will  grow 
sensibly  hot,  but  this  the  patient  must  not  fear  ;  for  in  a  few 
minutes  the  plaster  will  be  hard.  This  being  taken  off,  will 
form  a  mould,  in  which  a  head  of  clay  may  be  moulded,  and 
therein  the  eyes  may  be  opened,  and  such  other  additions  and 
corrections  may  be  made  as  are  necessary.  Then,  this  second 
face  being  anointed  in  oil,  a  second  mould  of  plaster  is  made 
upon  it,  consisting  of  two  parts  joined  lengthwise  along  the 
ridge  of  the  nose ;  and  in  this  a  cast  in  plaster  is  taken,  as  an 
exact  likeness  of  the  original. 

To  take  Casts  from  Medals, — To  take  copies  of  medals,  a 
mould  must  first  be  made,  of  plaster  of  Paris,  or  of  melted 
sulphur.  After  having  oiled  tne  surface  of  the  medal  with  a 
little  cotton,  or  a  earners  hair  pencil  dipped  in  oil  of  olives,  a 
hoop  of  paper  must  be  put  round  the  medal,  standing  up  above 
the  surface,  of  the  thickness  you  wish  the  mould  to  be.  Take 
now  some  plaster  of  Paris,  mix  it  with  water  to  the  consistence 
of  cream,  and  with  a  brush  rub  it  over  the  surface  of  the  medal, 
to  prevent  airholes  from  appearing ;  then  immediately  after- 
wards make  it  to  a  sufficient  thickness,  by  pouring  on  more 
plaster.  Let  it  stand  half  an  hour,  when  it  will  ha%e  grown  so 
hard,  that  you  may  safely  take  it  off;  then  pare  it  smooth  on 
the  back,  and  round  the  edges  neatly.  In  cold  or  damp  wea- 
ther it  should  be  dried  before  a  brisk  fire.  When  the  mould  is 
large,  if  you  cover  its  face  with  fine  plaster,  a  coarser  sort  will, 
do  for  the  back :  but  no  more  plaster  should  be  mixed  up  at 
one  time  than  can  be  used,  as  it  will  soon  get  hard,  and  cannot 
be  softened  without  being  burned  over  again.  Sulphur  must 
not  be  poured  upon  silver  medals,  as  this  will  tarnish  them. 

To  prepare  your  mould  for  casting  sulphur,  put  plaster  of 
Paris  into  it,  take  half  a  pint  of  boiled  linseed  oil,  and  one 
ounce  of  oil  of  turpentine,  and  mix  them  together  in  a  bottle; 
dip  the  surface  of  the  mould  into  this  mixture ;  take  the  mould 
out  again,  and  when  it  has  sucked  in  the  oil,  dip  it  again. 
Repeat  this  till  the  oil  begins  to  stagnate  upon  it ;  then  take  a 
little  cotton  wool,  hard  rolled  up.  to  prevent  the  oil  from  stick- 
ing to  it,  and  wipe  it  carefully  off.  Lav  it  in  a  dry  place  for  a 
day  or  two,  (if  longer  the  better,)  and  the  mould  will  acquire  a 
very  hard  surface  from  the  effect  of  the  oil.  To  cast  plaster  ot 
Paris  in  this  mould,  proceed  with  it  in  the  same  manner  as 
above  directed  for  obtsiiiing  the  mould  itself,  first  oiling  the 
mould  with  olive  oil.  When  casts  are  wanted  of  sulphur,  the 
material  must  be  melted  in  an  iron  ladle. 

To  take  Casts  uritk  /iiii^/«##.— Dissolve  isinglass  in  water 
over  the  fire.  With  a  hair  brush  lay  the  wetted  isinglass  over 
the  medal.  Cover  it  properly,  and  let  it  dry.  When  hard, 
raise  the  isinglass  with  the  point  of  a  knife,  and  it  will  fly  oft 
like  horn,  leaving  a  sharp  impression  of  the  medal.  You  maj 
make  the  isinglass  of  any  colour,  by  mixing  that  colour  with  it 
when  in  a  state  of  solution ;  or  you  may  breathe  on  the  cooeave 
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■ide,  and  lay  gold  leaf  on  it,  wtaicb,  bj  shiainf  throagb,  will 
make  it  ippear  liiie  a  gold  medal.  Alittle  carmine  mised  with 
the  isiosUas  trill  give  it  tbe  appearaoce  of  a  copper  medal, 
obscrviag  to  lay  the  goM  on  the  concaTe  side. 

Te  ea4t  Small  Woiki  in  Sand.—The  sand  is  Diaally  a  aatl 
yellowisb  clammy  substance ;  but  as  we  see  it  ia  an  iron  foon- 
dery,  it  ii  black,  from  tbe  charcoal  which  the  workmen  strew 
over  it.  ThJH  sand,  after  being  placed  over  a  trough  to  Tcoeive 
it,  is  worked  on  a  board,  with  a  roller  and  a  knife.  The  work- 
men then  take  a  board,  patting  a  ledge  round,  and  fill  it  with 
■and,  a  little  moistened,  to  make  it  cohere.  Then  the  wood  oi 
metal  models  of  what  is  intended  to  be  cast,  are  applied  to 
the  mould,  and  pressed  into  tbe  iund,  to  leave  the  impression. 
Along  the  middle  of  the  mould,  half  of  a  small  brass  cylinder  is 
laid ;  the  meial  runs  through  this  chasm  into  the  models ;  from 
this  are  placed  several  others,  to  each  model  placed  in  the  frame. 
After  the  frame  is  finished,  the  workmen  then  take  out  the 
patterns,  by  loosening  them  all  roand,  that  the  sand  may  not 
give  way.  They  then  work  tbs  other  halfof  thrniouldwiih  tlie 
same  patterns,  in  anolher  frame.  In  this  last  frame  are  pins, 
which,  entering  into  correspondent  holes  in  the  other,  make  the 
two  cavities  of  the  pattern  fall  exactly  on  each  other.  Tbe 
frame  tfaas  moulded,  is  carried  to  the  melter.    Be  extends  the 


chief  canal  of  tbe  counterpart,  adds  the  cross  canals  to  die 
several  models  in  both,  and  strewing  mill-dust  over  them,  dries 
them  in  an  oven.  Both  parts  of  the  mould  being  dtr,  are 
joined  by  the  pins,  and  screwed  up  like  a  press.  While  tbe 
moulds  are  preparing,  tbe  ineial  ii  fnsin^j  in  a  enicible  of  a 
site  proportionate  to  the  quantity  of  metal  intended  to  be  cast. 

To  rut  Cannon, — Tbe  casting  cannons,  mortars,  and  other 
pieces  of  ordnance,  is  like  that  of  statues  and  belli,  capeeially 
as  it  regards  the  mould,  wax,  shell,  furnaces,  &g.  The  metal 
is  different,  however,  having  a  mixture  of  tin,  which  is  not  In 
that  of  statues ;  and  only  half  the  quantity  of  tin  that  is  in  bells, 
at  the  rate  often  pounds  weight  of  tin  to  a  hundred  of  eopper. 
Cannons  are  always  thickest  at  the  breach,  where  tbe  greatest 
effort  of  the  gunpowder  is  made,  and  diminishing  thence  to  tbe 
musile  ;  so  that  if  the  mouth  be  two  inches  thick  of  metal,  the 
breech  is  six.  Its  length  is  measured  in  calibers,  or  dlmmetert 
of  the  mn^e.  Six  inches  at  the  muazle  require  twenty 
calibers,  or  tea  feet  in  length;  there  is  about  one-siath  of  an 
inch  allowed  for  the  deviation  of  the  ball,  and  in  this  manner 
are  all  our  guns  estimated. 

CASTLE,  a  Fortress,  or  building  rendered  defensible  either 
by  nature  or  art.     In  the   following  engravini;,  A  is  the  barU—.^ 
earn  B  the  dilch,  or  moat;  C  the  waU  of  tbe  outer  balliom  ^ 


or  the  outer  ballivm ;  E  the  arli/icial  mount ;  F  the  wall  of  the 
inner  batlium;  Q  the  ic«p,or  dnngeon.  All  the  towers,  maga- 
nnes,  itc.  speak  for  tbeinseWes.  Between  the  outer  ballium 
and  the  barbican,  and  directly  over  tbe  moat  or  ditch,  the 
drawbridge  is  construcled,  openinit  or  rising  to  the  ballium 

Sate,  and  leaving  tbe  way  impassable  (o  those  who  may  try  to 
)rce  and  enter  the  barbican. 

CASTOR  and  POLLUX,  the  allegorical  figures  in  the  stgn 
Gemini,  which  give  name  to  the  two  principal  stars  in  that 
constellation. 

CAT,  ia  sea  affairs,  a  ship  of  600  tons  or  thercabonts,  oarry- 
ing  from  20  to  30  ktelt  (or  barges)  of  coals.  Cat  is  also  a 
tackle,  or  combination  of  pulleys,  to  suspend  (he  anchor  at  the 

CATACOMB,  a  Grotto,  or  subterraneous  place  for  the 
burial  of  the  dead,  as  the  sepulchre  of  the  martyrs  in  the 
Appian  Way,  about  tiiree  miles  from  Rome;  tbe  catacombs  of 
Naples,  Syracuse,  Catanea, Malta,  Paris;  but  above  all,  those 
in  Egypt  are  the  most  celebrated. 

CATALOGUE,  a  list  or  enumeration  of  books,  or  of  the 
stars,  or  nf  the  Popes,  as  tbe  Jesuit's  Propilaum. 

CATAPULTA,  in  Antiquity,  a  military  engine  for  throwing 
stones  or  darts  upon  an  enemy ;  but  modern  warfare  dispenses 
witfa  those  awkward  machines,  and  so  shall  we. 

CATARRH,  in  Medicine,  a  distillation  or  deOuxion  from  the 
head  upon  the  month  and  oiprra  ofttria,  and  through  them  upon 

CATENART,  C4TEMRiA,in  the  liigber  Geometry,  a  macha 


nical  curve,  which  a  chain  or  rope  forms  itself  inio  by  its  o>* 
weight,  when  hung  freely  between  two  points  of  snspeoiiMi* 
whether  those  points  be  in  the  same  horizontal  plane  oi  dou- 
Sie  Chain  Bjudge. 

CATGUT,  fiddle  strings,  made  of  tbe  dried  and  twisted  gnU 
of  sheep,  lambs,  dogs,  and  cats.  The  Lyonois  and  Italians  are 
the  great  manufactarers  of  catgut  for  our  masicians,  wat^ 
makers,  cutlers,  turners,  and  other  artificen. 


CAT-HEADS,  two  strong  short  beams  of  timber,  projeeting 
almost  horizontally  over  the  ship's  hows  on  each  side  of  the 
■  -     ""   -,  pa"    '"        - -     - 


bowsprit.  That  part  of  the  cat-head  which  rests  upon  the  for*- 
castle  is  securely  bolted  to  the  beams ;  the  other  projeeti^ 
part  carries  in  its  extremity  two  or  three  small  wbeela,  or 
sheaves  of  brass  or  strong  wood,  about  which  a  rope  called  lb* 
cat-dole  passes,  and  communicates  with  the  cat-block,  wbick 
also  contains  three  sheaves.  The  cat-head  also  servet  to  lu- 
prnd  the  anchor  clear  of  the  how,  when  it  is  necessary  to  let 
It  go :  it  is  supported  by  a  sort  of  knee,  which  is  generallj 
ornamented  with  sculpture. 

CATOPTRICS,  the  si^icnce  of  reOex  vision,  which  is  treated 
of  under  the  article  Mirkok. 

CATSALT,  formed  out  of  the  bittern,  or  leach  briae,  thai 
runs  from  the  salt  when  taken  from  the  pans  at  the  sail  wotfcj, 
is  very  beantifnlly  granulated,  sharp  and  pungent,  aod  'mmk 
more  pleasant  at  the  tftble  than  the  fine  but  white  powdered 
salt  in  common  use.  Fashion,  not  taste,  must  have  constgnA 
the  large  beautiful  cryataia  of  cattalt  to  tbe  nMtker*  ofb*(i 
soap  and  fish  cnrers. 
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It  may  be  used  for  glueing  wood,  cemeDting  marble,  and  broken 
earthenware.  Baits  for  catching  fish  may  also  be  made  of  it. 
Fish  are  very  fond  of  it,  and  it  resists  water. 

Jewellers*  Cement. — In  setting  precious  stones,  pieces  are 
sometimes  broken  off  by  accident,  but  these  may  be  joined  so 
correctly,  that  an  inexperienced  eye  would  not  discover  the 
stone  to  have  been  broken.  Jewellers  employ  for  this  purpose 
a  small  piece  of  gum  mastich  applied  between  the  fragments, 
which  are  previously  heated  sufficiently  to  enable  them  to  melt 
the  interposed  gum.  They  arc  then  pressed  together,  to  force 
out  the  redundant  gum. 

Turkey  Cement  for  joining  Metals,  Glass,  ^c. — Dissolve  six 
bits  of  mastich,  as  large  as  peas,  in  as  much  spirits  of  wine  as 
will  suffice  to  liquefy  ;  in  another  vessel  dissolve  as  much 
isinglass  (which  has  been  previously  soaked  in  water  till  it  has 
swollen  and  is  soft)  in  brandy  or  rum,  as  will  make  two 
ounces  by  measure  of  strong  glue,  and  add  two  small  bits  of 
gum  galbanum,  or  ammoniacum,  which  must  be  rubbed  till  ihey 
are  dissolved ;  then  mix  the  whole  with  a  sufficient  heat ;  keep 
it  in  a  phial  stopped,  and  when  used  set  it  in  hut  water. 

Broken  China  Cement. — Take  quicklime  and  white  of  eggs,  or 
old  thick  varnish  ;  grind  and  temper  them  well,  and  it  will  be 
ready  for  use.  Drying  oil  and  white  lead  are  used  for  cement- 
ing china  and  earthenware ;  but  this  cement  requires  a  long 
time  to  dry.  Where  the  vessels  are  not  to  endure  heat  or 
moisture,  isinglass  glue,  with  a  little  tripoli  or  chalk,  is  better; 
the  juice  of  garlic  also  forms  a  strong  cement,  and  the  joining 
cannot  easily  be  perceived. 

Chemical-Glasses*  Cement, — In  the  whites  of  eggs  mix  equal 
quantities  of  wheat  flour,  fine  powdered  Venice  glass,  pulverized 
chalf,  with  half  the  q^uantity  of  fine  brick  dust,  and  a  little 
scraped  lint.  This  mixture  is  spread  upon  a  linen  cloth,  and 
applied  to  the  crack  of  the  glasses ;  it  should  be  dried  before 
they  are  put  to  the  fire. 

Turner's  Cement, — Melt  together  resin  one  pound,  pitch  four 
ounces  ;  and,  while  boiling  hot,  add  brick  dust,  until,  by  drop- 
ping  a  little  upon  a  stone,  you  perceive  it  hard  enough  ;  then 
pour  it  into  water,  and  immediately  make  it  up  in  rolls,  and  it 
IS  fit  for  use. 

Another,  finer.  Take  resin  one  oance,  pitch  two  ounces ; 
add  red  ochre,  finely  powdered,  until  you  perceive  it  strong 
enough.  Sometimes  a  small  quantity  of  tallow  is  used,  accord- 
ing to  the  heat  of  the  weather,  more  being  necessary  in  winter 
than  summer.  Either  of  these  cements  is  of  excellent  use  for 
turners.  By  applying  it  to  the  side  of  a  chuck,  and  making  it 
warm  before  the  fire,  you  may  fasten  any  thin  piece  of  wood, 
which  will  hold  fast  while  you  turn  it ;  when  you  want  it  off 
again,  strike  it  on  the  top  with  your  tool,  and  it  will  drop  off 
immediately. 

Electrical  Cement, — Melt  in  a  pot,  over  a  slow  fire,  one  pound 
of  resin ;  add  as  much  plaster  of  Paris,  in  fine  powder,  as  will 
make  it  hard  enough,  which  you  may  know  by  trial ;  then  add 
a  spoonful  of  linseed  oil,  stirring  it  all  the  while,  and  try  if  it  be 
Lard  and  tough  enough  for  your  purpose ;  if  it  is  not  sufficiently 
hard,  add  more  plaster  of  Paris  ;  and  if  not  tough  enough,  a 
little  more  linseed  oil.  This  is  for  fixing  the  necks  of  globes  or 
cylinders,  or  any  thing  that  requires  to  be  strongly  cemented, 
for  it  is  not  easily  melted  when  cold. 

Another,  softer.  Take  resin  one  pound,  bees'  wax  one 
ounce ;  add  as  much  red  ochre  as  will  make  it  sufficiently  stiff ; 
pour  it  into  water,  and  make  it  into  rolls  for  use.  This  cement 
»s  for  cementing  hoops  on  glasses,  or  any  other  mounting  of 
electrical  apparatus. 

Glass  Grinders'  Cement. — Boil  pitch,  adding  thereto  fine 
sifted  wood  ashes,  until  you  have  it  of  a  proper  temper,  stir- 
ring it  all  the  while ;  a  little  tallow  may  be  added,  as  you  find 
necessary. 

Another,  for  small  work.  To  four  ounces  of  resin  add  one* 
fourth  of  an  ounce  of  bees*  wax.  melt  them  together,  adding 
four  ounces  of  whitening  made  previously  red  hot.  The 
whitening  should  be  put  while  hot,  that  it  may  not  have  time  to 
imbibe  moisture  from  the  atmosphere.  Shell  lac  is  a  strong 
cement  for  metals,  glass,  or  precious  stones,  while  cutting, 
twining,  or  grinding  them.  The  metal,  &c.  should  be  warm  to 
melt  it.  Shell  lac  is  excellent  for  fastening  ruby  cylinders  in 
watches,  and  similar  delicate  purposes. 


Broken  Glass  Solder. — Broken  glass  is  soldered  by  inter- 
posing between  the  parts,  glass  ground  up  like  a  pigment,  bat 
of  easier  fusion  than  the  pieces  to  be  joined,  and  then  exposing 
them  to  such  a  heat  as  will  fuse  the  cementing  ingredient,  and 
make  the  pieces  agglutinate  without  being  themselves  fosed. 

A  glass  for  cementing  broken  pieces  of  0int  glass  may  be 
made  by  fusing  some  of  the  same  kind  of  glass  previously 
reduced  to  powder,  with  a  little  lead  and  borax,  or  with  borax 
only. 

Derbyshire  Spar  Cement,  Sfc, — This  cement  is  made  with 
about  eight  parts  of  resin  and  one  of  bees'  wax,  melted  together 
with  a  small  quantity  of  plaster  of  Paris.  If  the  cement  is  to 
fill  up  the  place  of  any  small  chips  that  may  have  been  lost,  the 
quantity  of  plaster  may  be  increased  a  little.  When  the  ingre- 
dients are  well  mixed,  and  the  whole  nearly  cold,  the  mass 
must  be  well  kneaded  together.  The  pieces  of  spar  to  be 
joined,  must  be  heated  until  they  melt  the  cement,  and  then 
pressed  together,  some  of  the  cement  being  previously  inter- 
posed. Melted  sulphur  applied  to  fragments  of  stones  pre- 
viously heated  (by  placing  them  before  a  fire)  to  a^  least  the 
melting  point  of  sulphur,  and  then  joined  with  the  salphar 
between,  makes  a  pretty  firm  and  durable  joining.  Little  defi- 
ciencies in  the  stone,  as  chips  out  of  corners,  S^.  may  also  be 
filled  up  with  melted  sulphur,  in  which  some  of  the  powder  of 
the  stone  has  been  melted. 

Steam  Cement, — To  join  the  flanches  of  iron  cylinders,  and 
other  parts    of  hydraulic  and  steam  engines,  the  followin 
methods    are    adopted   by   machinists: — Boiled    linseed   oil 
litharge,  red  and  white  lead  mixed  together  to  a  proper 
sistence,  applied  on  each  side  of  a  piece  of  flannel,  previoosi 
shaped  to  fit  the  joint,  and  then  interposed  between  the  piee 
before  they  are  brought  home,  (as  the  workmen  term  it)  to  thei 
place  by  the  screws  or  other  fastenings  employed,  make  a  clo 
and  durable  joint.    The  quantities  of  the  ingredients  may  ' 
varied  without' inconvenience,  taking  care  not  to  make   th 
mass  too  thin  with  oil.    It  is  difficult  in  many  cases  instaotl 
to  make  a  good  fitting  of  large  pieces  of  iron  work, 
renders  it  necessary  sometimes  to  join  and  separate  the  piec 
repeatedly  before  a  proper  adjustment  is  obtained.     When  thi 
is  expected,  the  white  lead  ought  to  predominate  io  the  mijc- 
ture,  as  it  dries  much  slower  than  the  red.     A  workman  knoir^ 
ing  this  fact,  can  be  at  little  loss  in  exercising  his  own  discre- 
tion in  regulating  the  quantities.    It  is  safest  to  err  on  the  sid^ 
of  the  white  lead,  as  the  durability  of  the  cement  is  not  thereby 
effected,  a  longer  time  only  is  required  for  it  to  dry  and  harden. 
When  the  fittings  will  not  easily  admit  of  so  thick  a  sabstance 
as  flannel  being  interposed,  linen  may  be  substituted,  or  even 
paper  or  thin  pasteboard.    This  cement  answers  well  also  for 
joining  broken  stones,  however  large.     Cisterns  built  of  square 
stones,  put  together  with  this  cement,  will  never  leak,  or  want 
any  repairs.     In  this  case,  the  stones  need  not  be  entirely 
bedded  in  it ;  an  inch,  or  even  less,  of  the  edges  that  are  to  be 
next  the  water,  need  only  be  so  treated ;  the  rest  of  the  joint 
may  be  filled  with  good  lime. 

Another  of  the  same.  This  cement,  preferable  even  to  the 
former,  for  steam-engines,  is  prepared  thus : — Take  two  orlnces 
of  sal  ammoniac,  one  ounce  of  flowers  of  sulphur,  and  sixteen 
ounces  of  cast  iron  filings  or  borings ;  mix  them  in  a*mortar, 
and  keep  the  powder  dry.  When  the  cement  is  wanted  for 
use,  take  one  part  of  the  above  powder,  and  twenty  parts  of 
clean  iron  borings  or  filings,  and  blend  them  intimately  by 
grinding  them  in  a  mortar.  Wet  the  compound  with  water, 
and  when  brought  to  a  convenient  consistence,  apply  it  to  the 
joints  with  a  wooden  or  blunt  iron  spatula.  This  is  the  cement 
with  which  the  joinings  of  the  Southwark  cast-iron  bridge  were 
filled  up  and  clasped.  Action  and  reaction  take  plaoe  among 
the  ingredients,  and  between  them  and  the  iron  surfaces,  which 
at  last  causes  the  whole  to  unite  as  one  mass.  After  a  time, 
the  surfaces  and  the  mixture  become  one. 

Roman  Cement, — By  a  recent  analysis  of  Parker's  Roman 
cement,  by  Monsieur  Berthier,  he  finds  that  its  constitaents 
differ  so  little  from  the  constituents  of  chalk  and  common  clay, 
that  he  proposes  the  manufacturing  of  a  similar  cement  by  the 
mere  mixture  of  them  in  certain  proportions  — One  part  of  clay, 
and  two  and  a  half  parts  of  chalk,  sets  almost  instantly,  an4 
may  therefore  be  regarded  as  Roman  cement. 
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3U^  CewmUt^  are  oied  by  ooppertmiths  to  Isy  over  the  riTets 
and  cdjcei  of  the  sheets  of  copper  io  boilers  of  the  first  class : 
they  also  fpve  additional  seoarity  to  the  joininfcs,  and  secure 
cocks  from  leakinf^.  This  cement  is  made  by  mixing  poonded 
qolekiime  with  oxen's  blood :  bat  unless  used  when  fresh 
made,  it  will  become  hard.  It  is  durable,  cheap,  and  extensively 
applicable  in  the  rouy^her  branches  of  art 

Fiour  Pmste  Cement. — Flour  paste  for  cementinf?,  is  formed 
principally  of  wheaten  flour,  boiled  in  water  till  it  be  of  a  glu- 
tinous or  Tiscid  consistence.  It  may  be  prepared  of  these 
ini^edients  simply  for  common  purposes,  but  when  it  is  used 
by  bookbinders,  or  for  paper  han^nng*  it  is  usual  to  mix  with 
the  flour  a  fifth  or  sixth  otits  weii^ht  of  powdered  alum  ;  and 
where  it  is  wanted  still  more  tenacious,  gum  arabic,  or  any  kind 
of  sise,  may  be  added.  i 

Rite  Glue. — This  elegant  cement  is  made  by  mixing  rice  flour 
iatimately  with  cold  water,  and  then  gently  boiling  it.     It  is 
beautifully  white,  and  dries  almost  transparent.    Papers  pasted 
lOf:ether  with  this  cement  will  sooner  separate  in  their  own 
nbfttance  than  at  the  joining,  it  is  therefore  extremely  useful 
it  Che  preparation  of  curious  paper  articles,  as  tea  trays,  ladies' 
dresAini:  and  work  boxes,   and  other  articles  which  require 
layers  of  paper  to  be  cemented  together.    In  every  respect  it  is 
preferable  to  common  paste  made  with  wheat  flour.    It  answers 
well  for  pasting  into  books  the  copies  of  writing  taken  off"  by 
rnpying  machines  on  unsized  silver  pnper.    Willi  this  compo- 
stUOD,  made  with  a  small  quantity  of  water,  that  it  may  have 
m  consistence  similar  to  plastic  clay,  models,  busts,  statues, 
feAsso  relievos,  and  the  like,  may  be  formed.    When  dry,  the 
aM^des  made  of  it  are  susceptible  of  a  high  polish ;  the^  are 
mJLao  very  durable.    The  Japanese  make  quadrille  fish  of  this 
■;^ri>stance,  which  so  nearly  resemble  those  made  of  mother  of 
I,  that  the  officers  of  our  East  Indiamen  are  often  imposed 


ipon. 
Of  Sizes. — Common  size,  manufactured  in  the  same  manner, 
generally  by  the  same  people  as  glue,  is  glue  left  in  a 
iter  state,  by  discontinuing  the  evaporation  before  it  is 
ght  to  a  due  consistence. 
IsimoUu  Sue,  is  prepared  much  in  the  same  way  as  glue ;  the 
<ynantity  of  water  for  dissolving  it  is  increased ;  and  the  same 
wiaJies  good  parchment  size. 

CENOTAPH,  an  empty  tomb  erected  in  hondur  of  a 
deceased  person,  and  is  thus  distinguished  from  the  sepulchre 
la  which  a  coffin  is  deposited. 

CBNTAURUS,  the  Bull  Pricker,  bs  his  name  denotes,  ranks 
lOMDg  the  old  constellations.  The  Centaur  is  said  to  derive 
Hi  ume  from  those  sons  of  Ixion  and  Nubes,  whom  fable 
represented  half  men,  half  horses ;  and  the  notions  which  the 
Aaericaas  entertained  of  the  Spanish  cavaliers,  have  been 
ncfested,  to  persuade  us  that  the  ancients  who  first  saw  a  man 
OS  horseback,  conceived  him  and  the  animal  to  be  one.  The 
(lUeof  the  Centaurs  and  the  Lapithtr^  is  well  known  to  every 
i^Mboy.  The  boundaries  and  contents  of  this  constellation 
vr:  on  the  north  by  Hydra,  east  by  Lupus,  south  by  Cnix, 
ttd  vest  by  Robur  Caroli.  There  are  thirty-five  stars  in  this 
tJOMtellation.  viz.  two  of  the  1st  magnitude,  one  of  the  2d,  six 
ff  tW  3d.  nine  of  the  4th,  &c.  The  brilliants  of  this  constella- 
tioa  ire  situated  on  the  feet  of  the  Horse  ;  and  with  the  adjoin- 
N  asterism  of  the  Cross,  make  a  very  splendid  shew  in 
Ntthem  latitudes  ;  but  the  people  of  Britain  are  too  far  north 
bc^jr  this  siffht.  The  star  /),  in  the  western  foot,  culminates 
i^t  7  minutes  before  a,  or  at  xix  ho.  l'  45",  on  the  1st  of 
iiiaary,  and  by  making  an  allowance  of  about  4  minutes  for 
'^  socceeding  dav  of  the  month,  it  will  be  on  the  meridian, 
^umuj  %  at  XVIII  ho.  67' 2r,  on  the  3d  at  xviii  h.  62' 58*, 
•i the  4th  at  XVIII  ho.  48' 38*,  &c. 
CBNTBSM.  the  lOOth  part  of  a  thing. 
CENTRAL,  something  relating  to  a  centre.  Thus,  we  have 
I  CtntAL  Eclipse,  Cen'TRj^l  Forcf,  &c.  Central  Eclipse  is, 
H(«  the  oeotres  of  the  luminaries  exactly  coincide,  and  are 
^fatrtly  in  a  Kne  with  the  eye  of  the  observer.  Central  Forces 
*n  tboie  forces  which  teml  directly  to  or  from  a  certain  point 
^  ^f centre:  or  they  are  forces  which  cause  a  moving  body  to 
^ lowairds,  or  recede  from,  the  centre  of  motion;  and  are 
^ftee  divided  into  two  kinds,  according  to  their  different  rela- 
^**ti  to  the  centre,  riz.  whether  it  be  to  approach  or  to  recede 
18. 


from  it ;  being  called,  in  the  former  case,  emtripeiml  force,  and 
in  the  latter,  centrifmgttL    See  Force. 

CENTRE,  in  a  general  sense,  denotes  a  point  equally  remote 
from  the  extremes  of  a  line,  surface,  or  solid.  The  word 
signifies  a  point. 

Centre  of  an  Arch.  Under  the  word  Bridge,  the  various 
forms  of  arehes  were  noticed.  We  will  now  shew  how  the 
archstones  are  supported  till  the  arch  is  completed;  and  the 
most  commodious  and  least  expensive  manner  in  which  this 
can  be  accomplished. 

1.  When  the  span  is  small,  as  cellars  and  vaults,  the  founda- 
tion of  the  side  wall  is  dug  out,  the  earth  rounded  over  upon 
it,  the  arch  thrown,  and  the  earth  afterwards  dug  away. 

2.  When  it  is  necessary  to  use  wood  for  the  frame  or  centre, 
we  must  ^rst  consider  the  weight  to  be  supported  :  seeandiy^ 
the  quantity  of  materials  to  be  used,  that  shall  be  of  sufficient 
strength  to  support  such  a  weight ;  and,  thirdly,  the  most 
eflfertive  method  to  apply  these  materials. 

First,  the  Weight  to  he  supported. — A  semicircular  arch  can 
be  raised  30  degrees,  (see  nridge,)  without  a  centre.  There 
are  120  degrees  to  support ;  and  if  the  diameter  be  20  feet, 
120°  will  measure  201M393  -f  feet :  say  21  feet.  The  key- 
stone of  such  an  arch  would  be  driven  at  18  inches  depth. 
The  specific  gravity  of  a  cubic  foot  of  hard  stone,  is  2*633.  A 
stone  18  inches  square,  by  21  feet,  gives  47*26  solid  feet:  the 
weight  by  the  above  specific  gravity  is  7477*307  lbs,  or  06*763 
cwt.  being  the  weight  that  one  rib  of  the  centre  frame  must 
sustain. 

In  the  span  of  60  feet,  the  arch  of  12QP  measures  62*36 
feet ;  the  archstone  is  2|  feet  deep  by  2  feet,  is  6  superficial 
feet,  which  +  62*36  =z  261*8  solid  feet  and  30U'908  cwt.  of 
specific  gravity.  Here  the  weight  is  increased  upon  the  centre 
fVame  in  the  proportion  of  66*6  to  300*0 ;  or  more  than  five 
times,  for  the  difference  of  the  centre  framework. 

In  the  span  of  100  feet,  arch  104*719  feet,  keystone  4x3, 
we  have  1266*628  solid  feet,  1776*848  cwt.  specific  gravity; 
above  five  times  the  weight  of  an  arch  of  60  feet  span.  In  the 
span  of  130  feet,  the  arch  166*  13666  feet,  the  arch  6  x  3,  as  in 
the  bridge  of  Dee  at  Aberdeen,  we  have  2042-0330  solid  feet, 
and  2886*2838  cwt.  the  rib  or  beam  of  the  frame  centre.  See 
Strength  of  Materials. 

Secomdfy,  the  strength  of  timber  requisite  to  support  any  of 
the  foregoing  weights  maybe  ascertained  thus :— In  all  mecha- 
nical structures,  each  member  should  not  only  be  able  to  resist 
the  strain  under  which  it  is  constantly  subjected,  but  should 
also  be  able  to  withstand  those  occasional  shocks  to  which  it 
is  ever  exposed.  This  is  peculiarly  the  case  in  the  framing  of 
centre  work  for  bridges.  £very  piece  of  wood  employed  is  of 
a  prismatic  or  columnar  form,  and  is  exposed  either  to  longi- 
tudinal or  transverse  strain ;  and  may  be  so  used  as  to  sustain 
a  longitudinal  tension,  in  withstanding  a  longitudinal  com- 
pression, in  resisting  a  transverse  pressure,  and  in  opposing 
the  act  of  twisting  or  wrenching.  But  the  investigation  *of 
these  topics  would  interest  few  readers,  and  to  those  few  the 
results  would  not  be  of  much  practical  value. 

A  batten  or  prism  of  wood,  6  inches  square,  and  14  feet  long, 
supports  a  weight  of  6300lhs.  whirh  may  be  called  its  break- 
ing weight;  and  it  has  more  than  double  the  strength  of  a 
prism  of  28  feet  long,  6  inches  square,  for  1776  lbs.  would  break 
the  latter.  Every  beam  of  wood  becomes  more  liable  to  break 
by  its  length ;  12 inches,  6  inches  square,  weight  10*4  lbs.  more 
or  less ;  and  10-4  lbs.  at  13  feet  distance,  acts  with  a  power  of 
1.16-2  lbs.  This  is  the  last  term,  and  0,  the  point  of  fracture,  is 
the  first  term.  The  first  and  last  multiplied  by  half  the  num- 
ber of  terms  =  the  sum  of  all  the  terms ;  or  136*2  x  6|  = 
878*8  lbs.  added  to  1776  =  2663*8,  being  very  near  the  half  of 
the  force  that  breaks  the  prism  of  14  feet  The  weight  that 
breaks  a  prism  of  0  feet  long  and  6  inches  square,  is  8:KW.  To 
reduce  this  experiment  to  one  of  greater  dimensions,  suppose 
one  foot ;  similar  solids  of  the  same  altitude  are  to  one  another 
as  their  bases ;  i.  e.  26,  the  base  of  the  6  inch  square  is  to  144, 
the  base  of  1  foot  square,  as  the  weight  that  would  break  the 
batten  of  0  feet,  to  the  weight  that  would  break  the  batten  of 
the  same  length  and  12  inches  square ;  that  is,  the  base  26  : 
8308  :  :  144  :  47864  lbs.  =  213*8126  tons;  and  the  proportion, 
as  above,  for  greater  or  less  length  of  logs  or  spars.  And  a 
2s 
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batten  of  anj  depth,  aad  one  half  breadth,  ii  equally  stroog  in 
that  position  as  if  it  had  been  square  timber ;  hence  the  advan- 
tage in  point  of  ccoDomj  ;  for  if  the  piece  is  set  npon  edge, 
■appose  9  inches  deep  and  one  broad,  proTided  it  receives  no 
lateral  tension,  it  wilt  bear  as  mach  strain  as  if  S  inches  square. 
In  general,  a  beam  the  same  length  and  breadth  as  another, 
bnt  twice  the  depth,  is  four  times  stronger;  and  a  beam  of  the 
same  depth  and  breadth,  and  double  the  length,  is  onl;  half  so 
strong.  These  experiments  were  made  upon  well-seasoned 
oak  ;  bnt  between  one-third  and  one-half  of  the  absolute 
strength  of  these  results  will  do  in  practice. 

We  are  now,  in  the  third  place,  to  consider  Ikt  nuut  tfftcttet 
tntthod  ofapplt/ing  then  materiaU.  The  late  Mr.  Rennie  (bund, 
that  cubes  of  one  inch  are  crushed  by  the  weights  annexed :  — 

Elm 1-284  lb. 

White  deal, 1-828 

English  oak,  .  i 3-860 

Craigleith  freestone 8'688 

Cnhes  of  1}  inch  are,  however,  crushed  with  less  loads  in 
proportion:  thas. 

Red  brick 1-817  Ot. 

Yellow  baked  brick, 2264 

Fire  hrick, 3-864 

Craigleith  stone, 15-660 

White  statuary  marble, 13-633 

Pnrbeck  limestone, 30-610 
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A  pillar  in  the  chorch  of  Alt  Saints,  at  Angers,  is  24  feet  high 
and  11  inches  square,  sapporting  60,000  lbs.  which  is  not  one- 
seventh  of  the  weight  that  would  crush  it.  Hence  the  delicacy 
of  many  pillars  in  Gothic  buildings,  and  of  those  in  the 
Exchange,  Cornhill,  London.  Instead  of  a  pier  of  10  feet  in  a 
bridge  of  50-reet  span,  one  of  3  feet  thick  would  be  sufficient. 
"-  H  saperfluous  then  are  those  enormous  piers  that  obstruct 
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But  the  inquiry  is  with  wood  ;  and  to  arrive  at  our  conclu- 
sion, let  us  consider  precisely  the  strength  of  an  arch  above  a 
right  line  parallel  to  tbe  horizon.  An  arch  recedes  from  a  per- 
pendicular to  a  borizoDtal  line,  the  force  therefore  that  it  will 
iusfaio,  is,  between  the  force  that  a  body  will  carry  in  the  per- 
pendicular, and  that  which  produces  a  fracture  npon  any 
material  in  the  horizontal  direction.  If  the  perpendicular. is 
greater  than  the  horizontal  line,  it  will  have  more  of  the 
Htrength  of  tbe  braising  force,  than  of  tbe  transverse  fracture. 
This  force  is  explained  by  the  ratio  compounded  of  the  bruis- 
ing force  and  that  of  the  transverae  fracture,  i.t.  the  absolute 
and  relative  force.  In  other  words,  if  a  geometrical  mean  be 
taken  between  the  elevation  of  tbe  arch,  as  pressure  of  abso- 
lute strength,  and  the  length  of  the  horizontal  line,  this  mean 
will  be  the  strength  of  the  arch  above  the  horiionlal  line. 

Experiments  made  upon  prisms  of  seasoned  oak,  3  inches 
aqnare,  and  3, 4,  or  6  feet  high,  shewed  them  crashed  by  the 
vertical  pressures  of  17.600  lbs.  10,600  lbs.  and  7000  lbs.  ;  but 
ir  4  inches  square,  and  of  the  same  altitudes,  they  would  give 
way  under  loads  of  only  80,000  lbs.  70,000  lbs.  and  60,000  lbs. 
In  the  first  set  of  trials,  the  mean  cohesive  power  amounts  to 
190,000  lbs.  and  in  the  second  to  630.000  lbs. 

From  all  these  reasonings  it  appears,  that  so  miich  as  the 
piece  of  wood  is  elevated  towards  the  perpendicular,  so  much 
the  nearer  it  approaches  to  its  absolute  strength,  and  by  so 
niuch  as  the  arch  is  flatter,  or  the  piece  of  wood  less  inclined, 
the  nearer  it  is  to  a  straightline,  and  so  much  the  more  reduced 
to  its  relative  strength ;  tbe  position  of  the  arch  therefore  lunst 
be  in  the  ratio  compounded  of  these  two. 

Having  established  these  principles,  let  ua  now  shew  the 
application  in  practice. 

Pitot's  plan  of  an  arch,  as  represented  In  the  following  figure, 
though  profuse  in  materials,  possesses  great  ingenaity.  The 
arch  ACDB  can  be  raised  30°  on  each  side,  or  to  the  point  D, 
withont  any  centre.  Tbe  stretcher  E  E  is  now  raised  and  prop- 
ped by  the  struts  A  E,  B  E.  The  stretcher  B  B  is  divided  into 
four  equal  parts;  at  the  centre  pait  the  king  post  K  F  rises  the 


height  of  the  intended  arch,    llie  (tmts  A  O,  B  O,  and  the  t 


2,  2 ;  4,  4 1  6, 6 ;  6, 6 ,— the  stmts  B  P,  D  P,  support  the  bridi 
7,  7;— the  struts  GH,  GH,  support  the  bridles  9, 0 ;  and  t 
bridles  8, 8,  rest  on  the  stretcher  E  E.  The  dlruts  E  P,  D 
support  the  king  post,  as  do  also  the  struts  G  H,  G  H,  and  t 
king  post  being  well  secured  to  the  stretcher  E  E,  supports 
in  the  centre. 

This  arch  we  will  say  is  60  feet  span,  the  archstones  7  ft 
long,  and  3  feet  broad,  each  cubic  foot  of  which  is  160  lbs.  L 
tbe  structure  be  of  Portland  stone,  which  weighs  IdOlbs.  t 
cubic  foot.  The  stretcher  BB  may  he  raised  45°  in  the  pla 
of  30°  before  the  centre  is  put  np.  Therefore  there  are  m 
00°  of  arch  to  provide  for,  and  the  perpendicular  d.  I> 
determines  rhe  hmits  of  the  absolute  pressure  npon  the  fran 
The  parts.of  the  arch  below  C  and  D  rest  upon  the  abutments 
the  pier.  And  the  weight  of  one  course  of  the  archslones  is  53 
7x3=:  178,080  lbs.  But  tbe  absolute  transverse  atrengtk 
a  plank  7  feet  long  and  13  inches  broad,  by  one  thick. 
I89,163lbs. ;  or  if  3  inches  thick,  it  wonld  be  no  more, 
plank  7  feet  long  and  8  inches  square,  has  47,649  lbs.  oftrM 
verse  strength.  Therefore,  the  former  species  of  scantling  is  1 
better,  as  it  gives  us  an  excess  of  llOSOIbs.  more  strength  tb 
is  required  to  support  that  part  of  the  arcb.  But  7  feet  is  oi 
one-seventh  part  of  53  feet,  the  frame  is  therefore  of  aufficil 
strength  to  support  the  whole  weight  of  the  arch  when  eqn» 
divided  along  its  whole  length. 

Tbe  relative  proportion  of  the  strength  of  oak  and  fir  if 
therefore  for  every  beam  8  inches  square  of  osk,  9^  by  21  of 
may  be  used. — From  these  principles  of  M.  Pilot,  eve 
mechanic  may  construct  tbe  frame  centre  for  any  bridge. 

In  the  centering  of  the  Bridge  o/Carvin,  as  represented  i 
the  following  ligure,  the  arches  are  elliptical,  the  longer  axil  ■ 
span  is  00  feel,  the  semitians verse  axis  or  rise  20  feet,  tl 
arch  stones  weigh  176  lbs.  per  cubical  foot,  and  are  4  feet  i 
lengtb,  which  is  the  thickness  of  tbe  arch ;  the  truss  hem 


were  from  16  to  18  feet  long  and  9  inches  by  S  inches  broad, 
oak.  There  were  five  trusses  5}  feet  asunder,  and  the  wb« 
weight  of  tbe  arch  amounted  to  600  ions,  ur  112  tons  for  eai 
truss ;  90  tons  actually  pressed  on  each  truss.  But  Ihe  dia(> 
nal  of  the  parallelogram  of  forces  drawn  for  these  beams,  ia 
one  of  the  sides  as  360  to  285;  then  360  :  286  :  :  00  :  1^ 
tons  on  each  foot  or  section  of  144  inches.  And  since  evai 
square  inch  of  oak  can  bear  3  tons,  there  were  431  Iods  > 
strength,  more  than  six  times  the  pressure  upon  tbe  foot  l>«SB 
in  tbeir  longitudinal  direction. 
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If  die  body  bare  plane  aidei,  as  apieeeofboard,  hRiiEltnp 
%j  anj  point,  then  a  plumb-line  suspended  from  the  Hsme  point 
will  pass  thtouf^h  the  ceDtro  oF  gravit;,  thererore  mark  that  line 
■pOB  it ;  and  after  ■uapending  the  bodj  b;  another  point, 
apply  the  plammet  to  find  another  locb  line,  then  will  their 
uteraeclioD  xhew  the  centre  of  gravity.  Or  thus :  hant;  the 
body  by  two  strings  from  the  same  point  &xeA  to  dilTereDt  parts 
of  tbe  bodj  ;  then  a  plummet  bang  from  the  same  point  will 
tin  on  the  centre  of  gravity. ' 

Another  method :  Lay  the  bodjr  on  the  edge  of  a  triat^^lar 
|wiam,  or  such  like,  moiing  it  to  and  fro  till  the  parts  on  both 
aides  are  in  equiiibrio,  and  mark  a  line  apon  it  close  by  the 
edge  of  the  prism :  balance  it  again  in  another  position,  and 
maric  another  line  by  the  edge  of  the  prism  ;  the  vertical  line 
passing  throagh  the  intersection  of  these  lines,  will  Ukewise 
pass  thrnugh  the  centre  of  gravity.  Tbe  same  thing  may  be 
effected  by  laying  the  body  on  a  table,  till  it  is  just  ready  to 
fall  oS,  and  then  marking  a  line  upon  it  by  the  edge  of  the 
table:  this  done  in  two  positions  of  tbe  body,  will,  inlike  man- 
ner,  point  oat  the  centre  of  gravity. 

To  find  ike  CtntTt  of  Gravity  of  certain  Bodiei,gtometrieallg. — 
Prop.  1.   To  And  the  centre  of  gravity  of  two  given  bodies. 
Let  A  and  B  be  Ihe 
two     given   bodies,      .  ,-^  ^ 

takeAG:BG  ::  B  :     ■^O ' OB 

A ;  so  shall  G  be  the 

eentre  of  gravity  of  the  two  bodies,  as  is  obvioas  from  the 
principle  of  the  lever ;  for  the  bodies  being  suspended  on  tbe 
point  G,  they  will  remain  in  equiiibrio.— In  other  words,  the 
distances  AG,  B  G,  from  the  common  centre  of  gravi^,  are 
reciprocally  as  the  weights  of  the  bodies  A  and  B  ;  for,  if  A  G 
=:  4,  B  G  =:  6,  and  the  ball  »  =  2,  then  the  ball  A  —  3, 
because  4  :  6  :  ;  2  :  3. 

Prop.  2.  To  find  the  centre  of  gravi^ of  a  iriaogte,  ABC. 
Bisect  any  two  aides,  A  C,  C  B.  in  tbe 
points  D  and  E,  join  AE,  B  D,  and  O 

the  point  of  intersection  D  will  be  the 
centre  of  gravity  of  the  triangle.  This 
Is  obvious,  because  tbe  triangle  would 
balance  itself  on  each  of  the  lines  AE, 
B  D  :  for  these  bisecting  the  line  B  C, 
A  C,  bisect  every  parallel  section,  and 
tiberefore  the  weight  on  each  side  is 
eqaaJ,  and  equally  distant  from  these     '  ~ 

3.  To  find  the  centre  of  gravity  of  a  trnpOEium.  Divide  it 
into  two  triangles,  and  find  the  centre  of  gravity  of  each;  and 
then,  by  prop.  1,  Uie  centre  of  gravity  of  these  two,  which  will 
be  die  centre  of  gravity  of  the  trapexium.  And  in  the  same 
manner  may  be  found  the  centre  of  gravity  of  any  right-lined 
figure. 

When  from  the  centre  of  gravity  of  any  body  we  let  fall  a 
line  perpendicnlar  to  the  horizon,  that  line  is  called  ihe  fine  of 
dirtttioK,  tbe  property  of  which  is,  that  when  It  falls  within  the 
base  upon  which  the  body  stands,  the  body  cannot  fall,  but  if  it 
fiilla  vifina  the  base,  the  body  will  tumble.  Thns,  in  the  tnclin- 
lag  body  A  B,  C  D,  as  in  the  annexed  figure,  the  eentre  of 
cravity  is  E,  and  (he  body  stands  Brmly  on  its  base,  G  D I K, 
because  the  line  of  direction  G  F  falls  within  the  base.  But  if 
tbe  weight,  as  A  B,  G  H,  be  laid  upon  the  top  of  the  body,  tbe 
centre  of  gravity  is  raised  to  L ;  and  then,  as  the  line  of 
direction  LD  falls  without  the  base  at  D, 
the  centre  of  gravity  L  is  not  supported, 
and  the  body  and  weight  will  tumble. 
Hence  is  obvioas  the  danger  of  rising 
hastily  in  a  coach  or  boat,  when  it  is  likely 
lo  overset.  By  so  doing,  the  centre  of 
gravity  is  liable  to  be  thrown  out  of  the 
base,  and  the  vehicle  or  boat  overset. 
The  proper  conduct  of  passeogersin  such 
circnmstances  is  to  lie  down  in  the  hot-  ^ 

tom,  and  bring  tbe  line  of  direction,  and  " 

consequently  the  centre  of  gravity,  within  tbe  base.  Coaches 
are  now  built  so  as  to  confine  the  centre  of  gravity  within  the 
base  upon  the  most  uneven  roads.  Tbe  mechanical  motions  of 
atdmala  ooght  lo  be  regulated  on  these  principles  ;  tow  when 


a  A,  in 


the  line  of  direction  fktla  within  the  base  of  oar  feet,  w 
and  most  firmly,  when  it  is  in  tbe  middle  of  tbe  body, 
the  human  figure  ;  but  when  it  is  oat  of  the  base,  we  in 
aiely  fall.  When  you  endeavour  to  rise  from  a  scat,  yoa 
thrust  forward  your  body,  and  draw  your  feet  backward,  till 
the  vertical  line  from  the  centre  of  gravity  falls  just  brim 
yonr  feet;  this  enables  yon  to  rise,  and  prevents  yon  fallit^ 
forward;  you  advance  one  of  your  feet,  till  the  vertical  lineM 
direction  is  brought  between  your  feet,  in  consequence  <rf 
which  you  may  stand  firmly.  When  a  man.  B  C,  aa  shewn  in 
tbe  fallowing  figure,  endeavours  to  walk,  he  first  extends  his 
bindormost  legaod  foot.  S,  almost  to  a  straight  line,  and  at  the 
same  time  bends  a  little  the  knee,  H,  of  his  fore  leg.  Thai 
his  hind  leg  is  lengthened,  and  hit 
fore  leg  shortened,  and  by  this  meant 
his  body  is  moved  forward,  till  th 
centre  of  gravit},V,  falls  beyond  the 
fore  foot  B  ;  and  then  being  readyts 
fall,  he  presently  prevents  it,  by  tak- 
ing up  the  hind  foot,  and  by  bending 
the  joints  of  the  hip,  knee,  and  ancle, 
and  suddenly  translating  it  forwaid 
to  T  beyond  the  centre  of  giavilj, 
and  thus  be  gains  a  new  slatioo. 

After  the  same  manner,  by  extend- 
ing the  foot  and  leg  H  B,  and  thrnit- 
iog  forward  the  centre  of  gravis 
beyond  the  foot  S,  and  then  translsl- 
ing  the  foot  B  forward,  he  gaini  s 
third  station ;  and  thus  walking  ii 
continued  at  pleasure.  His  two  feet  do  not  go  in  one  ngkl 
Jine,  bat  in  two  lines  parallel  to  one  another ;  therefore,  a  mui 
walking  has  a  libratory  motion  from  one  side  to  the  other ;  uA. 
it  is  not  possible  to  walk  in  a  right  line.  We  walk  on  leid 
ground  easily  aod  pleasantly  ;  it  is  laborioas  to  climb  a  hiU, 
from  the  great  fleinre  required  of  tbe  joints  tij  ascend,  sad 
from  the  stress  they  receive  from  the  weight  of  the  body  Inlktt 
position.  In  walking  we  always  set  down  one  foot  before  As 
other  be  taken  up ;  and  therefore  at  every  step  we  have  botk 
feet  on  the  ^ronnd  at  once.  But  in  ruHnin^  we  never  ael  oae 
foot  down  till  the  other  be  up  (  so  that  at  every  step  we  have 
but  one  foot  on  the  ground,  and  all  the  intermediate  time  none. 
The  walking  of  birds  is  not  unlike  that  of  man;  only  tbdr 
weight  is  entirely  supported  by  the  strength  of  the  muscles, 
since  their  joints  are  always  bent.  The  feet  of  birds  are  also 
moved  in  two  parallel  lines.  The  motions  of  qnadmpcd*  are 
the  same  as  those  of  men. 

When  a  beatt,  a  horse  for  example,  tttndi,  the  line  of  gravity 
mast  fall  within  the  quadrilateral  made  by  his  four  feeL  Wb^ 
heau/ib,  he  has  always  three  feet  on  the  ground,  and  one  up,  as 
you  see  in  the  figure.  Thns,  suppose  he  first  lin  the  hind  foot 
C.  Before  he  does  this,  by  extending  his  leg  backwards,  be 
thrusts  forward 
his  body  and  tbe 
centre  of  ^vity; 
then  taking  np 
tbe    foot   C   be 

to  F.  Then  he 
directly  takes  np  -^ 
the  fore  foot  B  ' 
on  the  same  side,  .■ 
and  carrieaitto  ' 
H ;  then  be  taket  -^ 
up  tbe  hind  footed 
D ,  and  tranalatea  ■* 
it  forward ;  aad^ 
then  the  fore  foot.^ 
A ;  then  C  asain,  .^ 
and  so  on. 

Mt  any  person  try  to  walk  on  all-fonrs,  and  one  hand  amLM 
one  leg  on  one  side,  one  hand  and  one  leg  on  tbe  other,  ia  tbe^ 
natural  action  of  the  horse  in  walking.  When  the  horse  trtU,^ 
he  takes  np  two  feet  together,  and  sets  down  two^  together,..^ 
diagonally  opposite.  When  he  gallopi,  he  takes  np  his  feetf^ 
one  by  one,  and  sets  them  down  one  by  one ;  though  m 
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part  of  the  tube  is  tm  borisoiital  cog-wbeel,  which  toucbei  llie 
osfB  of  anotlwr  in  >  verticat  posiiion ;  lo  that  bj  the  help  of  a 
doable  winch  the  whole  maChiiu:  is  moved  roDod  with  ver; 
great  Telocity.  Near  the  bottom  of  the  perpcDtiKulaT  part  of 
the  lube  U  ■  valve  opening;  upward!  ;  and  near  the  twe  exlre* 
mlties,  but  on  the  oantrarj  itide  of  the  Hmi)  or  croM  part  of 
the  tube,  are  two  other  valves  opeoinit  ontwards.  These  two 
valves  are,  by  the  esaiitaoce  of  sprinprs,  kept  shnt  till  the 
naohine  is  put  in  motion,  whea  the  centrifuKai  velocity  of  die 
water  forcei  them  open,  and  diicharfes  itselfinto  a  oiBtem  or 
reservoir  placed  there  for  that  purpose.  On  the  vpper  part  of 
the  arms  are  two  holes,  which  are  closed  by  pieces  screwed 
into  the  metal  of  the  tube.  Before  the  machine  eaa  work, 
Ihooe  hole*  most  be  opened,  aod  water  panrcd  in  tliroagh 
tbem,  till  the  whole  tube  be  fall ;  by  these  neans  all  tbe  air 
will  be  farced  out  of  the  machioe,  and  the  water  sapporled  in 
the  tnbe  by  means  of  the  valve  at  the  bottom.  The  tabo  being 
thus  filled  with  water,  and  the  holes  closed  hv  the  screw-caps, 
it  is  tumM  round  by  meaos  of  the  minrJi.  vHicn  the  water  in  the 
anns  of  the  tube  acquires  ■  centrifaf^al  force,  opens  the  valves 
sear  the  extremities  of  the  arms,  and  flies  out  with  a  velocity 
nearly  equal  to  that  of  the  extremities  of  the  said  arms.  This 
■Mchine  cannot  raise  water  higher  than  3i  feet ;  because  its 
aotion  depends  spon  the  weiicbt  of  the  etmoKpherr,  end,  on 
^pboard,  is  much  inferior  to  the  chain-pomp. 

Centhifugal  Force,  is  that  force  by  which  a  body  roralving 
aboat  a  centre,  or  abont  another  body,  has  a  tendency  to  recede 

CENTRIPETAL  Foaci,  is  that  force  by  which  a  bod;  is 
perpetually  itrged  onwards  to  a  centre,  and  thereby  made  to 
revolve  In  a  curve  instead  of  a  H|;fat  line. 

CENTURY,  any  thing  divided  or  ranged  into  periods  of 
iMiMdreds.  Thas  we  say.  sach  a  century  of  the  Christian  icra, 
neatiing  so  many  hundred  years  sioce  the  commencement  ol 
that  vra,  and  which  is  necessarily  one  more  than  the  nombea 
•f  years  mentioned  in  the  date ;  the  present  is  the  ISth  ceutory, 
v^ioh  oommenced  on  the  1st  of  Janaary.  ISOI. 

CBPHEUS.  This  constellation  perpetuates  the  memory  of 
an  aacient  king  of  Ethiopia,  or  India,  said  to  be  the  father  of 
Andromeda,  and  husband  of  Cassiopeia.  Hyk  (a  hinfc) 
old  Ethiopian  name  for  this  asterism,  which  the  Arabians  call 
KeipMtu,  aad  Citie,  an  evident  oorroption  from  the  Greek. — 
Tbe  boundaries  and  contenis  are:  noKh  by  the  pole  of  die 
world,  east  by  Cassiopeia  and  Tarandos.  south  by  Lacerta  and 
Cygnua,  and  west  by  Draco.  Right  ascension  8°,  and  declina' 
tien  eSP  north.  It  contains  36  stars,  vix.  three  of  tbe  3d  mag- 
nitude, seven  of  tbe  4th,  &c.  AMeraaain.  a,  having  31S°  33*  61/' 
r^t  ascension,  aad  61°  40*  28*  noKh  deotlaalion,  onhmnates, 
at  Loadoe.  on  the  first  day  of  every  month,  as  shewn  in  Ike 
foDowing  table  :  Meridian  Altitnde  7S°  41'  3!lf  north. 
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C£TOS,  tAt  Whale,  is  pretended  by  the  Crocks  to  be  the 
>en  monster  which  Neptune,  brother  to  Jon*,  sent  to  devour 
Andromeda,  because  her  mother,  Casst^sia,  had  boasted  her- 
■elf  to  be  fairer  than  Jddo  and  the  Nereides  ;  sod  it  was  placed 
aKong  the  stars,  when  Perseus,  to  save  that  princess,  struck  it 
dead,  by  presentinft  to  its  view  the  bead  of  Medusa.  The 
name  of  this  ooostellalion  is  foond  long  prior  to  the  time  of 
Pcnens.  When  the  equinoctial  son  in  Aries  opened  the  year, 
it  was  denominated  fbe  preterm-  oriJWii«rn-,t^the  idolaters  of 
the  East.  The  constellation  of  the  Wbale  iscaUed  ?Fm>  in  Chal- 
daic,  and  fitaut  in  Syriac.  Now  the  bead  of  Cetns  is  placed 
immediately  nnder  the  Ram,  and  always  rises  and  sets  with 
that  sign,  but  the  rest  «f  the  constellation  rises  before 
Aries.  On  this  aoeoont,  it  has  been  sa^gestcd,  that  the 
Ram  was  metaphorically  called  the  son  of  that  cod  si  citation, 
which  is  next  to  it,  and  which  rises  ipiraediately  before  it, — The 
bonndariei  and  contents  of  this  constellation  are :  north  by 
Pitees  and  Aries,  east  by  Bridanns,  Orion,  and  Taums,  south 
liT  Fornax  Chemica  and  OfficinaSculptoris.and  westby  Aqua- 
itai.    nil  consloUation  oconpiea  the  greatest  space  of  «ny  ia 


die  firmament  It  contains  97  stars,  of  which  two  ni«  of  I 
3d  mai^nibide,  eight  of  the  third,  nine  of  the  4th,  Etc.  1 
brilliant  in  this  constellation  is  Menhir,  sitaated  in  the  np] 
mandible,  and  of  the  3d  magnitude,  having  43^  12'  fifl^  on 
right  ascension,  and  3°  22*  50"  declination  north.  TUs  a 
appears  in  the  horizon,  at  London,  on  B.  by  N.  )  E.  polM 
-"--  "npass,  and  rises  and  cnlminates  as  in  the  foUowJ 
table:  Meridian  Altitnde  41°  &I' 60". 
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CHAFF  MACHINE,  as  represented  in  the  following  figi 
Is  nsed  for  cutting  straw  for  horses  and  cattle.  This  mnd 
consists  of  a  wooden  frame,  supported  by  four  legs,  aad 
this  trarae  is  a  box  to  hold  tbe  straw,  aboot  5  feet  long  aai 
inches  broad.  On  the  wheel  B  is  fixed  a  kntfc  A,  and  in  ei 
revolution  of  the  wheel  the  knife  passes  (he  end  of  tbe  I 
and  cuts  the  straw  into  chaff.  The  straw  is  fed  by  two  rol 
connected  with  the  Diachioery  in  the  side  of  the  box, 
worked  usuaHy  by  a  nheeJ.  whose  leelh  work  in  an  end 
screw.  The  whole  is  worked  hy  the  hand,  which  grasps 
winch  C.  This  is  Baker's  chaff-cutter.  Pike's  is  some* 
different 
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CHAIN,  an  instrument  used  in  surveying,  of  which  then 
three  dilTerent  kinds,  bat  that  which  is  most  opnuw 
employed  for  this  purpose,  is  the  Gunler  ekain,  so  called  f 
the  name  of  its  inventor.  This  chain  is  4  poles,  or  66  feet  I 
and  is  divided  Into  100  square  lengths,  or  liriks,  each  link  hi 
7-92  laches  in  a  link.  1  square  chain  =:  lOOOOlioks  =  I6pc 
10  square  chains  =  100000  links  ~  160  poles  —  I  acre. 

Hence  we  have  the  following  easy  method  of  convcrtin|[l 
or  chains  to  acres  : — From  the  number  of  liiiks  point  at 
figures  to  the  riglit  hand  for  decimals,  and  (hose  on  the  I^ 
be  acres;  multiply  the  decimals  by  4,  and  point  off  again 
places  for  decimals,  and  those  on  the  left  will  be  roods ;  w 
ply  these  decimals  by  40,  and  poiot  off  the  decimals  as  ab 
and  the  figures  on  the  left  will  he  poles,  or  perches,  wblc 
commonly  the  lowest  denominator.     Ste  Surveying. 

CHAIN-PUMP,  n  well-known hydranllc  machine  for  nd 
water.  It  is  usually  made  from  12  to  36  feet  in  leng^ 
consists  of  two  collateral  sqnare  barrels,  and  an  endless  cl 
of  pistons  of  the  same  form  fixed  nt  proper  distances, 
chain  is  moved  round  a  coarse  kind  of  wbeelnork,  IJxed  M 
times  at  one  end,  but  often  at  both  ends  of  the  machine, 
teeth  of  the  wheclwork  are  so  contrived  as  to  receive  one 
of  the  flat  pistons,  and  let  them  fold  in  ;  and  they  take  hol 
the  links  as  they  rise.  A  whole  row  of  the  pistons  (irbid 
free  of  the  sides  of  the  barrel  by  aboot  a  quarter  of  an  inch) 
always  lifting  when  the  pnmp  is  at  work ;  and,  as  this  mad 
is  gcaernlly  worked  briskly,  the  pistons  or  pallets  btingupn 
bore  of  water  in  the  pump.  Chain-pumps  are  wrought  so 
tines  by  men  taming  winches,  sometimes  by  boms,  and  ao 
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qaite  tbroagb,  and  therefore  communicate  to  the  objects  they 
strike  against,  only  a  part  of  their  momentum. 

CHARLES'S  Wain,  a  name  given  by  some  old  astronomical 
writers  to  the  constellation  Ursa  Major, 

CHART,  or  Sea  Chart,  a  bydrograpbical  or  sea  map,  for 
the  use  of  navigators ;  being  a  projection  of  some  part  of  the 
sea  in  piano,  shewing  the  sea-coasts,  rocks,  sands,  bearings, 
&c.  Fournier  ascribes  the  invention  of  sea  charts  to  Henry, 
son  of  John,  king  of  Portugal.  These  charts  are  of  various 
kinds,  the  plain  chart,  Mercator's  or  Wright's  chart,  the  globu- 
lar chart,  &c.  In  the  construction  of  charts,  great  care  should 
be  taken  that  the  several  parts  of  them  preserve  their  position 
to  one  another,  in  the  same  order  as  on  the  earth  ;  and  it  is 
probable,  that  the  finding  out  of  proper  methods  to  do  this  gave 
rise  to  the  various  modes  of  projection. 

There  are  many  ways  of  constructing  maps  and  charts ;  but 
they  depend  chiefly  on  two  principles.  First,  by  considering 
the  earth  as  a  large  extended  flat  surface  ;  and  the  charts  made 
on  this  supposition  are  usually  called  plain  charts.  Secondly, 
by  considering  the  earth  as  a  sphere ;  and  the  charts  made  on 
this  principle  are  sometimes  called  globular  charts ;  Mercator's 
charts  resemble  a  cylinder  unrolled ;  and  to  these  bydrogra- 
pbical maps  we  more  properly  give  the  epithet  chart. 

Plain  Charts  have  the  meridian,  as  well  as  the  parallels  of 
latitude,  drawn  parallel  to  each  other,  and  the  degrees  of  longi- 
tude and  latitude  every  where  equal  to  those  at  the  equator. 
And  therefore  such  charts  must  be  deficient  in  several  respects. 
For,  first,  since  in  reality  all  the  meridians  meet  in  the  poles, 
it  is  absurd  to  represent  them,  especially  in  large  charts,  by 
parallel  right  lines.  Secondly,  as  plain  charts  shew  the  degrees 
of  the  several  parallels  as  equal  to  those  of  the  equator,  there- 
fore the  distances  of  places  lying  east  and  west  must  be  repre- 
sented much  larger  than  they  really  are.  And,  thirdly,  in  a 
plain  chart,  while  the  same  rhumb  is  kept,  the  vessel  appears 
to  sail  on  a  great  circle,  which  is  not  really  the  case.  Yet 
plain  charts  made  for  a  small  extent,  as  a  few  degrees  in  length 
and  breadth,  may  be  tolerably  exact,  especially  for  any  part 
within  the  torrid  zone ;  and  even  a  plain  chart  made  for  the 
whole  of  this  zone  will  differ  but  little  from  the  truth. 

Mercator^s  Chart,  like  the  plain  charts,  has  the  meridians 
represented  by  parallel  right  lines,  and  the  degrees  of  the 
parallels,  or  longitude,  every  where  equal  to  those  at  the 
equator,  so  that  they  are  increased  more  and  more,  above  their 
natural  size,  as  they  approach  towards  the  pole  ;  but  then  the 
degrees  of  the  meridians,  or  of  latitude,  are  increased  in  the 
same  proportion  at  the  same  part ;  so  that  the  same  proportion 
is  preserved  between  them  as  on  the  globe  itself.  This  chart 
has  its  name  from  that  of  the  author,  Girard  Mercator,  who 
first  proposed  it  for  use  in  the  year  1556,  and  made  the  first 
charts  of  this  kind,  though  they  were  not  altogether  on  true  or 
exact  principles,  nor  does  it  appear  that  he  perfectly  understood 
them.  Neither,  indeed,  was  the  thought  originally  bis  own,  of 
lengthening  the  degrees  of  the  meridian  in  some  proportion ; 
for  that  was  hinted  by  Ptolemy  two  thousand  years  ago.  It 
was  not  perfected,  however,  till  about  the  year  1590,  when  Mr. 
Wright  shewed  a  ready  way  of  constructing  it,  by  enlarging  the 
meridian  line  by  the  continual  addition  of  the  secants. 

Globular  Chart,  is  a  projection  so  called  from  the  conformity 
it  bears  to  the  globe  itself.  This  is  a  meridional  projection,  in 
which  the  parallels  are  equidistant  circles,  having  the  pole  for 
their  common  centre,  and  the  meridians  curvilinear  and  inclined, 
so  as  all  to  meet  in  the  pole,  or  common  centre  of  the  parallels. 
By  which  means  the  several  parts  of  the  earth  have  their  pro- 
per proportion  of  magnitude,  distance,  and  situation,  nearly  the 
same  as  on  the  globe  itself ;  which  renders  it  a  good  method 
for  geographical  maps. 

Hydrographical  Charts,  are  sheets  of  large  paper,  on  which 
several  parts  of  the  land  and  sea  are  described,  with  their 
respective  coasts,  harbours,  sounds,  flats,  rocks,  shelves,  sands, 
&c. ;  also  the  points  of  the  compass,  and  the  latitudes  aiid 
longitudes  of  the  places. 

Selonographic  Charts,  are  particular  descriptions  of  the 
appearances,  spots,  and  maculae  of  the  moon. 

ropographic  Charts,  are  draughts  of  some  small  parts  only 
of  the  earth,  or  of  some  particular  place,  without  regard  to  its 
relaUve  situation,  as  London,  York,  &c. 


CHEMISTRY,  investigates  the  effects  of  the  action  of  bodiei 
upon  each  other,  with  the  view  of  determining  their  consdtoent 
principles,  and  forming  new  compounds.  The  extensive  utility 
of  this  science  is  shewn  by  its  immediate  connexion  with  the 
arts,  subservient  to  the  subsistence  or  the  comforts  of  man. 
Dyeing,  bleaching,  tanning,  glass-making,  the  working  of 
metals,  &c.  are  chemical  operations.  In  agriculture  its  Hie  is 
very  important,  because  it  explains  the  phenomena  of  the 
growth  and  nourishment  of  vegetables,  and  the  nature  tad 
action  of  manures,  &c.  The  culinary  arts,  the  arts  of  bsking, 
brewing,  distilling,  &c.  owe  their  improvement  to  chemistry. 
In  medicine,  it  affords  invaluable  assistance,  by  saving  the 
medical  man  a  knowledge  of  the  various  substances  used  as 
medicines.  In  short,  there  is  scarcely  any  art,  trade,  or  maao- 
facture  that  does  not  depend,  either  immediately  or  remotely, 
upon  a  knowledge  of  this  science.  Besides,  it  enlaiges  the 
mind,  by  affording  us  a  more  extensive  and  intimate  knowledge 
of  nature,  and  procures  for  us  some  of  the  most  sublime  plea- 
sures and  rational  enjoyments.  Before  we  proceed  to  tlie 
theory,  we  shall  describe  the  principal  processes  employed  in 
chemical  experiments :  these  are — 

1.  Trituration.  2.  Sifting.  3.  Washing.  4.  Filtration.  6.  De- 
cantation.  6.  Lixiviation.  7.  Evaporation.  8.  Distillatioiii  9. 
Sublimation.  10.  Crystallization.  11.  Solution.  12.  Precijntt- 
tion.  13.  Fusion.  14.  Cupellation.  15.  Digestion.  16.  Satnn- 
tion.  17.  Combustion.  18.  Deflagration.  19.  Detonation.  9D. 
Operations  in  the  dry  way.    21.  And  in  the  humid  way. 

Mechanical  Operations  for  the  Division  of  Bodies. — ^TritnratioD, 
Pulverization,  and  Levigation,  (or  the  reduction  of  solids  ioto 
powders  of  dilferent  degrees  of  fineness,)  are  necessary  and 
preliminary  operations,  previous  to  the  solids  bein;^  chemically 
acted  upon.  Brittle  substances  are  reduced  to  powder  bf 
means  of  hammers,  pestles  and  mortars,  and  stones  and  oiof- 
lers.  The  annexed  cut  represents  a  pestle  and 
niortar.  Fibrous  substances,  as  wood,  the  bonii 
of  animals,  elastic  gum,  and  metals,  which  flattea 
under  the  hammer,  cannot  be  reduced  to  powder 
by  the  foregoing  methods;  for  these,  files,  rasps, 
knives,  and  graters,  are  used. 

Sifting.  The  separation  of  the  finer  parts  of  bodies  from  the 
coarser,  which  may  want  farther  pulverization,  is  performed  by 
sifting  or  washing.  A  sieve  consists  of  a  cylindrical  band  of 
thin  wood,  or  metal,  having  silk,  leather,  hair,  or  wire,  platted 
or  woven,  and  stretched  across  it.  Sieves  are  of  difiereat 
degrees  of  fineness. 

Washing,  is  employed  for  procuring  powders  of  an  nnifbrm 
fineness,  more  accurately  than  by  the  sieve ;  but  it  can  only  be 
used  for  substances  that  are  not  acted  upon  by  the  fluid  whidi 
is  used  in  the  washing. 

Filtration,  is  a  finer  species  of  sifting,  through  the  pores  of 
paper,  flannel,  fine  linen,  sand,  pounded  glass,  porous  stones, 
and  the  like.  It  is  used  for  separating  fluids  from  solids,  or 
gross  particles  that  may  happen  to  be  suspended  in  them,  and 
not  chemically  combined  with  the  fluids.  Thus,  salt  water 
cannot  be  deprived  of  its  salt  by  filtration ;  but  muddy  water 
will  deposit  its  mud. 

Decantation,  separates  solid  particles  which  are  difiased 
through  liquors.  These  are  allowed  to  settle  to  the  bottoo, 
and  the  clear  fluid  is  gently  poured  off.  If  the  sediment  be 
extremely  light,  and  apt  to  mix  again  with  the  fluid  by  the 
slightest  motion,  a  syphon  is  used  for  drawing  off'  the  clear  fluid. 

Lixiviation,  is  the  separation  by  water,  or  some  other  flaidyOf 
such  substances  as  are  soluble  in  that  fluid,  from  otlier  sub' 
stances  that  are  not  soluble  in  it.  If  a  mineral  consistini^  of 
salt  and  sand,  or  salt  and  clay,  &c.  be  broken  to  powder  and 
thrown  into  water,  the  salt  will  be  dissolved  and  kept  suspended, 
whilst  the  earthy  matter  will  fall  to  the  bottom  of  the  vessel* 
and,  by  means  of  filtration,  may  be  separated  from  the  fluid. 

Evaporation,  separates  a  fluid  from  a  solid,  or  a  more  volatile 
fluid  from  another  less  volatile.  Evaporation  is  used  when  ^M 
more  volatile  or  fluid  substance  is  not  to  be  preserved,  aad 
various  degrees  of  heat  arc  employed  for  this  purpose,  Bccor^ 
ing  to  the  nature  of  the  substances.  Evaporation  is  performed 
in  vessels  of  wood,  glass,  metal,  porcelain,  &cc.  of  a  flat  shape^ 
to  expose  the  liquids  as  extensively  as  possible  to  the  action  or 
heat :  evaporating  vessels  may  be  placed  either  over  the  naked. 


VA 


C  Hil 


DICTIONARY  OF  MJSCHANICAL  SCI£NCB« 


0-tt  L 


m 


m  late  disooTerjr-,  is  perbapfl  the  most  generally  useful  instni- 
ment  a  chemist  can  possess.    See  Blowpipb. 

Capellation^  or  the  art  of  assaying  metals  and  ores,  is  per- 
formed in  a  shallow  cracible  made  of  barnt  bones.  The  impure 
metal  or  ore  is  put  into  the  cupel  (of  which  the  an- 
nexed is  a  figure)  with  some  oxidisable  metal,  «uch 
as  lead.  The  cupel  is  now  put  into  a  muffle,  and  the 
whole  is  submitted  to  the  heat  of  a  farnace.  The 
flame  passes  over  the  cupel,  oxidating  the  lead,  which  combines 
with  the  base  part  of  the  metal  to  be  assayed,  and  leaves  the 
pure  metal  (such  as  gold  or  silver)  in  the  shape  of  a  button  at 
the  bottom. 

Digestion.  When  a  solid  substance,  in  powder  or  other- 
wise, is  left  for  a  certain  time  in  a  fluid,  and  the  mixture  Is 
kept  exposed  to  a  slow  degree  of  heat,  the  process  is  called 
digestion. 

Saturation.  When  one  substance  which  has  an  affinity  to 
another,  is  mixed  with  as  much  of  that  other  substance  as  its 
affidity  will  enable  it  to  hold  in  combination,  thou  the  former 
substance  is  said  to  be  saturated,  or  the  mixture  to  have 
attained  the  point  of  satoiation.  If  the  mixture  contain  a 
greater  proportion  of  either  substance,  it  is  said  to  contain  an 
excess,  or  to  be  surcharged.  The  same  thing  must  be  under- 
stood of  the  compounds  of  more  than  two  substances. 

Combustion,  is  when  a  body  is  in  the  act  of  burning  in  any 
air  or  gas  capable  of  supporting  flame. 

Deflagration,  is  when  the  combustion  is  attended  with  explo- 
sions or  cracklings. 

Detonation,  is  a  pretty  loud  report. 

Operations  in  the  Dry^  and  Humid  Way, — When  strong  degrees 
of  heat  are  used,  chemical  operations  are  said  to  be  performed 
in  the  dry  way.  The  humid  way  is  when  fluids  are  used  in  the 
solution  of  bodies. 

All  the  various  parts  of  this  science  are  found  under  their 
respective  titles  in  the  work,  as  Elements  of  Bodies,  Gases, 
Metals,  &c. 

CHERT,  or  Chirk,  is  the  name  given  by  the  miners  to  a 
siliceous  slate,  which  is  massive,  not  disposed  to  pass  into  thin 
layers,  but  oocurring  in  thick  beds.  Colour  bluish,  passing 
into  yellowish  gray.  Fracture  splintery  ;  edges  translucent ; 
spedfio  gravity  26303.  Blocks  of  it  are  used  in  the  porcelain 
manofactories  in  the  midland  counties  for  grinding  flint-stones 
for  the  finer  porcelain,  and  the  purity  of  the  rock  augments  the 
product  of  fine  siliceous  earth  by  its  own  attrition  during  the 
process.  There  is  another  sort  called  by  the  miners  White 
Cherts  which  seems  to  be  a  transition  of  siliceous  slate  into 
quartz.  It  is  not  only  used  for  grinding  flints,  but  also  as 
common  millstone.  A  variety  of  chert  has  been  found  to 
answer  as  well  as  the  best  buhr  stones  of  France  in  flour-mills, 
and  is  manufactured  for  that  purpose.  They  may  be  had  from 
60  lb.  to  several  hundred  weight  each. 

CHESS,  a  game  performed  with  different  pieces  of  wood, 
on  a  board  divided  into  64  squares  or  houses,  in  which  chance 
has  so  small  a  share,  that  it  is  a  matter  of  doubt  whether  a 
person  ever  lost  bat  by  his  own  fault.  Each  player  has  eight 
dignified  pieces ;  namely,  a  king,  a  queen,  two  bishops,  two 
knights,  and  two  rooks,  also  eight  pawns,  all  of  which  are  of 
two  different  colours,  or  white  and  black.  See  Automaton 
Chess  Player. 

CHESNUT  Tree.  Next  to  the  oak,  the  Spanish  chesnut 
timber  is  most  coveted  by  carpenters  and  joiners.  It  likewise 
makes  the  best  stakes,  pallisadoes,  vine-props,  hop-poles,  &c. 
and  is  also  proper  for  mill-timber  and  waterworks.  It  is  like- 
wise fit  for  chests,  tables,  bedsteads,  columns.  &c.  It  was 
anciently  very  much  used  in  the  building  of  churches  in  this 
island,  and  must  have  been  abundant,  though  now  rare.  The 
horse  chesnut-tree  is  a  very  perishable  wood. 

CHILIAD,  an  assemblage  of  several  things  ranged  by 
thousands.  The  term  was  particularly  applied  to  tables  of 
logarithms,  which  were  at  first  divided  into  thousands. 

CHILIiEDRON,  a  solid  figure  of  1000  faces. 

CHIUAGON,  in.Gaoraetry,  a  regular  plane  figure  of  1000 
sides  and  angles. 

CHIMBS  OF  a  Clock,  a  kind  of  periodical  music  produced 
at^equal  intervals  of  time,  by  means  of  a  particular  apparatus 
a4ilqd  to  tli^  clocks 


CHIMNET.  Tbemles  for  Wilding  chimneyi  are':  1.  Thai' 
no  timber  be  laid  within  twelve  inches  of  the  foresideof  the* 
chimney  jambs.  2.  That  all  the  joists  on  the  back  b»  laid  with 
a  trimmer.  3.  That  no  timber  be  laid  witihin  the  fnnnel  of  any- 
chimney. 

CHIVALRY,  in  Antiquity,  an  institution  which,  aoeording  to 
some  writers,  took  its  rise  from  the  crusades ;  bat«  accor&ig 
to  others,  it  gave  occasion  to  that  enterprise;  and  which,  though 
founded  in  caprice,  and  productive  of  extravagance,  bad  a 
very  considerable  influence  in  refining  the  manneni  of  the 
European  nations,  during  the  twelfth,  thirttenlh,  fiiiirteeirth, 
and  fifteenth  century.  Chivalry  was  employed  itt  resooing 
humble  and  faithful  vassals  from  the  oppression  of  petty  lords; 
their  women  from  savage  lust;  and  the  hoary  heads  of  hermits 
(a  species  of  Eastern  monks,  much  reverenced  in  the  Holf 
Land,)  from  rapine  and  outrage.  In  the  mean  time,  the  courts 
of  the  feudal  sovereigns  became  magnificent  and  polite ;  and, 
as  the  military  constitution  still  subsisted,  military  merit  was- 
to  be  upheld ;  but  destitute  of  its  former  objects,  it  naturally 
softened  into  fictitious  images  and  courtly  exercises  of  war,  ia 
**  justs''  and  '*  tournaments  ;"  where  the  hooour  of  the  la^ei 
supplied  the  place  of  zeal  for  the  holy  sepalchre  x  and  thus  the 
courtesy  of  elegant  love,  but  of  a  wild  and  fanatic  speeles,  at 
being  ingrafted  on  spiritual  enthusiasm,  came  to  mix  itself  wttk 
the  other  characters  of  the  knighta>-errant,  adding  gentleness  to 
valour.—- This  singular  institution.  In  which  valour,  ^lantry,  and 
religion,  were  so  strangely  blended,  was  wonderfully  adapted 
to  the  taste  and  genius  of  martial  nobles  ;  and  its  effects  weit 
soon  visible  in  their  manners.  War  was  carried  on  with  less 
ferocity,  when  humanity  came  to  be  deemed  the  ornament  of 
knighthood  no  less  than  courage.  More  gentle  and  polisM 
manners  were  introduced,  when  courtesy  was  recommended  as* 
the  most  amiable  of  knightly  virtues.  Violence  and  opprei* 
sion  decreased,  when  it  was  reckoned  meritorious  to  chesk 
and  to  punish  them.  A  scrupulous  adherence  to  truth,  vrith- 
the  most  religious  attention  to  fulfil  every  obligation,  were  its 
characteristics. 

CHLORATES,  combinations  of  the  chloric  acid  with  oxides** 
alkalies,  &c. 

CHLORIC  Acid,  is  a  combination  of  chlorine  and  oxygen, 
in  greater  abundance  than  in  the  oxide  called  enchlorine*  By. 
its  combination  with  other  substances,  it  forms  tbe  salts  called 
chlorates,  formerly  denominated  oxymuriates. 

CHLORIDES,  compounds  of  chlorine  with  varioas  otheCi 
substances. 

CHLORINE,  formerly  supposed  to  be  a  compoond  o£ 
oxygen  and  the  muriatic  acid,  was  called  by  the  French  ozf<« 
muriatic  acid  gas,  but  Sir  H.  Davy  having  found  it  resisted  the 
most  powerful  means  used  to  decompose  it,  considered  it  a> 
simple  substance,  and  this  is  now  the  received  opinion* 

Mix  in  a  mortar  three  parts  of  common  salt,  and  onn  of 
black  oxide  of  manganese.  Introdqce  them  into  a  glass  retort* 
and  add  two  parts  of  sulphuric  acid.  6a&  will  issue,  whioh 
mnst  be  collected  in  the  water-pneumatic  trough.  This  gas  is 
of  a  greenish  yellow  colour,  easily  recognised  by  daylight* 
but  scarcely  distinguishable  by  artificial  light.  Its  odour  anii 
taste  are  disagreeable^  strong,  and  so  characteristic,  that  it  i% 
impossible  to  mistake  it  for  any  other  gas.  Its  specific  gravity 
is  2*4733.  In  its  perfectly  dry  state,  it  has  no  effect  on  dijt 
vegetable  colours.  With  the  aid  of  a  little  moisture  J  t  bleaoheSi 
them  into  a  yellowish  white.  Scheele  first  remarked  this  pnn 
perty ;  HerthoUet  applied  it  to  the  art  of  bleaching  in  France* 
and  from  him  Mr.  Watt  introduced  it  into  Great  Britainu  If  a* 
lighted  wax  taper  be  immersed  rapidly  into  this  gas,  it  copif» 
sumes  very  fast,  with  a  dull  reddish  flame,  and  much  smoke. 
The  taper  will  not  burn  at  the  surface  of  the  gas.  Its. taste  in 
somewhat  astringent,  but  not  in  the  least  degree  aoidulons.. 
When  we  put  in  a  perfectly  dark  place,  at  the  ordinary  tempe-* 
rature,  a  mixture  of  chlorine  and  hydrogen,  it  experiences  jy 
kind  of  alteration,  even  in  a  great  many  days.  But  if,  at  tlM; 
same  low  temperature,  we  expose  the  mixture  to  the  difinapi 
light  of  day,  by  degrees  the  two  gases  enter  into  chemical  coa  : 
bination,  and  form  muriatic  acid  gas. 

Chlorine  and  Hydrogen,  by  their  imion  form  the  mnriatie:. 
acid,  called  also  the  hydrochloric  acid.  Some  substances,, 
when  plunged  into  chlorine  in  an  ignited  state,  are  speedi^ 
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guiugttislied,  while  others,  and  those  the  Irant  combustible  of 
•I  sabsUnees,  andenco  spootaoeoos  combastion.  Sr\enil  of 
the  nictaU,  and  fcold  itself  when  pinniped  into  it,  burst  into 
actual  flame,  and  burn  with  fcrvat  brilliancy. 

CHLORITES,  a  kind  of  g^reen  jasper,  almost  as  pellacid  as 
tke  coarser  emeralds.  It  is  sometimes  amorphous,  and  some- 
tiaMS  cryslalliced.  There  are  four  species,  ri;.  the  earthy 
cklorite,  common  eldorite,  the  foliated,  and  schistose  chlorite. 

CHOCOLATE,  a  sort  of  cake  made  chiefly  from  the  cocoa- 
aaL  When  the  cocoa  is  properly  roasted  and  cleansed,  it  is 
poandcd  in  a  mortar,  and  afterwards  ^rround  on  a  stone.  It 
M  thea  put  hot  into  tin  moulds,  in  which  it  soon  conf^eals.  The 
Spaaiards  mix  with  the  cocoa-nuts,  do? es,cinnamon,  and  other 
iairredieDts ;  but  in  England,  the  chocolate  is  made  of  simple 
cocoa,  with  a  little  sufcar  and  vanilla. 

CHOLERA  MORBUS,  a  sudden  effusion  or  ovcrflowinfc  of 
the  bile  oa  tlie  stomach  or  intestines  ;  and  its  symptoms  are, 
tioleac  retchinc,  and  in  some  cases,  porfcinf?. 

CHOLOSTERIC  Acid,  is  obtained  from  cholosterine  by 
hsatanc  it  with  stronjc  nitric  acid. 

CHOLOSTERINE.  the  name  given  to  the  pearly  substance 
of  faaman  biliary  calculi. 

CHORD,  in  Geometry,  is  the  rig^ht  line  joining  the  extrcmi- 
liea  of  any  arc  of  a  circle  ;  such  are  the 
Uaes  A  B,  D  C— 1.   A  line  drawn  from 
Iha  centre  to  bisect  a  chord,  is  perpen- 
dicalar  to  the  chord ;  or  if  it  be  perpen- 
dicular to  the  chord,  it  bisects  both  the 
ekord  and  the  arc  of  the  chord,  as  O  E, 
O  B.  tL  Chords  which  are  equally  distant 
TnMa  the  centre  of  a  circle,  are  equal  to 
other :  or  if  they  are  equal  to  each 
»r,  thry  are  equally  distant  from  the  centre.    3.  The  chord 
»C  an  arc  is  a  mean  proportional  between  the  diameter  aud 
r^rscd  sine  of  that  arc. 

XiiM  o/* Chorus.    See  Plane  Scale  and  Srctor. 
Chord,  or  (ord^  in  Music,  denotes  the  string  or  line,  from 
fibration  of  which  the  sensation  of  sound  is  excited  :  and 

f  whose  divisions  the  several  degrees  of  time  are   deter- 


CHOROGRAPHY,  the  act  of  making  a  map  of  a  particular 
aalry  or  province. 

CHORUS,  in  Music,  is  when,  at  certain  periods  of  a  song, 
"^  whole  company  are  to  join  the  singer  in  repeating  certain 

plets  or  verses. 

CHROMATICS,  that  part  of  the  science  of  optics  by  which 
"  properties  of  the  colours  of  light,  and  of  natural  bodies,  are 

itrated  and  explained. 

CHROMIC  Acid  has  been  obtained  from  red  oxide  of  lead. 

«teof  Stberia,  and  from  an  ore  of  iron  from  the  department  of 

^ir  in  France.     It  has  the  property  of  colouring  its  salts,  and 

Ware  it  has  been  called  chromic.     If  two  parts  of  the  red  lead 

*ic  of  Siberia,  in  fine  powder,  be  boiled  with  one  of  an  alkali 

"Xarated  with  carbonic  acid,  in  forty  parts  of  water,  a  carlw- 

■Me  of  lead  will  be  precipitated,  and  the  chromate  rciniiin 

*Mol»ed.     The   solutions  are  of  a  lemon  colour,  and  afford 

('?ittU  of  a  somewhat   deeper  hue.     Those  of  chromate  of 

^■■mi a  are  in  >ellow  laminae,  having  the  metallic  lu!«tre  of 

M.    The  chromate  of  barytes  is  very  little  soluble,  and  that 

^HuBe  still  less.    They  are  both  of  a  pale  yellow,  and  when 

"ctird  give  fNit  oxygen  gas,  as  do  the  alkaline  chroiimtcs. 

CHROMIUM,  a  very  rare  metal,  found  either  in  the  form  of 
^^Maiate  of  lead,  or  of  chromate  of  in»n.  The  emerald  of 
^71*  and  spinel  niby,  owe  their  colours  to  this  metal.  Chro- 
^^"^  is  obtaiaed  from  its  native  combinations  by  decomposing 
by  the  alkaline  carbonates,  precipitating  the  chromic 
aad  heating  it  strongly  in  a  criicilile.  Chromium  is  u 
Ponm»  mass  of  agglutinate  grains,  bnttle,  of  a  white  between 
t«  and  steel.  SperiHo  icra\ity  QrV.  It  is  susceptible  of  a  small 
^ree  of  magnetism.  It  resists  all  the  acids,  except  the  nitro- 
asitatie. 

rHRONOIX)GY,  is  that  science  which  treats  of  time,  and 

•^rws  its  different  measures  or  computations,  as  they  have 

krea  observed  by  different  nations.      By  chronology  we  are 

^aaUf-J   truly  to  date  the  beginning  and  end  of  the  reigns 

^pnacca,  the  birtha  and  deaths  of  eminent  persons,  the  revo- 


lutions of  empires  and  kingdoms,  battles,  sieges,  or  any  other 
remarkable  events.  Without  this  useful  science,  that  is  to  say, 
without  distinguishing  the  times  of  events  as  clearly  as  the 
nature  ut  the  case  will  admit,  history  would  be  little  better 
than  a  hemp  of  confusion,  destitute  of  light,  order,  or  beauty. 
See  TiMB.  Yp.ar.  .1^RAS,  kc. 

CIIHONOMKTER, in  general, means  an  instrument  used  in 
measuring  time,  as  dials,  clocks,  watches,  &c.  The  term, 
however,  is  commonly  used  for  a  machine  so  contrived  as  to 
measure  a  small  portion  of  time  with  great  exactness,  even  to 
the  sixteenth  part  of  a  second,  and  which  is  of  great  ose  ia 
astronomical  observations,  ascertaining  the  time  of  the  fall  of 
bodies,  the  velocity  of  running  waters,  &c.  The  lamp  chrono- 
meter consists  of  a  chamber  lamp,  or  a  cylindrical  vessel  about 
three  inches  high,  and  one  inch  diameter.  To  the  stand  is  fixed 
a  handle,  which  supports  a  frame,  covered  with  oiled  paper, 
about  12  inches  high,  and  4  wide.  This  frame  is  dividH  into 
12  equal  parts  by  horizontal  lines,  at  the  ends  of  which  are 
markc<l  the  hours,  and  between  the  lines  are  diagonals  divided 
into  halves,  ouarters,  &c.  On  the  handle,  and  next  to  the  glass, 
is  fixed  a  stile,  and  as  the  distance  of  this  stile  from  the  flame 
of  the  lamp  is  only  half  an  inch,  if  the  distance  of  the  frame 
from  the  stile  be  6  inches,  then  while  the  float  containing  the 
light  descends  by  the  decrease  of  the  oil,  one  inch,  the  shadow 
of  the  stile  on  the  frame  will  ascend  12  inches,  and  thus  shew, 
by  its  progression,  the  increase  of  the  hours  with  the  several 
divisions.  The  oil  must  be  very  pure,  and  the  wick  of  the  same 
size  aitd  substance. 

CHRYSALIS,  or  Ai*rf.lia,  in  Natural  History,  denotes  the 
state  of  seeming  insensibility,  in  which  butterflies,  moths,  and 
some  other  insects,  pass  through  before  they  arrive  at  their 
winged  or  perfect  state.  The  figure  of  the  chrysalis  is  gene- 
rally conical ;  and  the  creature,  when  in  this  state,  seems  to 
have  neither  legs,  wings,  nor  motion.  It  is  almost  destitute  of 
life,  for  it  takes  no  nourishment,  nor  has  it  apparently  any 
organs  for  the  purpose.  The  external  cnirrinp;  of  the  chrysalis 
is  membraneous,  smooth,  and  clossy,  but  some  of  them  have 
hairs  :  and  others  are  rough  all  over  like  shagreen.  They  aie 
divided  generally  into  two  classes,  the  round  and  the  angular, 
and  of  these  acain  there  are  several  subordinate  distinctions. 
Some  of  tht  m  arc  verv  beautiful.  The  time  of  the  animal  in 
the  chr>  sniis  state  varies  in  ditferent  species,  some  being  no 
more  tliiin  cii^ht  davs,  while  others  are  as  many  months. 

rilKVS()LlTK,'in  Natural  History,  a  gem  to  which  the 
ancients  gave  the  name  of  topac;  their  true  chr>solite  being 
that  which  modern  jewellers  call  topac.  The  chrysolite  is 
found  in  aiicular  fragments  and  crystallized.  It  is  of  agreeo 
colour,  and  there  are  two  varieties,  1.  the  common  chrysolite, 
found  in  Teflon.  S(»uth  America,  and  Bohemia :  its  colour  is  a 
vellftwinh  green.  2.  Olive  chrysolite,  is  found  commonly  io 
basalt,  and  is  of  an  olive-green  colour. 

CIIKYSOPRASE.  a  mineral  found  in  Germany,  and  which 
is  alHa.\s  aiuf»rphous.  It  is  of  a  green  colour,  and  splintery. — 
Also,  a  variety  of  chalcedony  used  in  jewellery.  It  consists  of 
90  .Mlira  in  the  l(K>. 

CIIKY.S<»PRASUS.  in  Christian  Antiquity,  the  tenth  of 
those  precious  stones  which  adorned  the  foundation  of  the  hea- 
\cnl\  .Ifrusalcin:  tiie  colour  of  it  was  green,  inclining  to  that 
of  i^old.  as  its  name  imports.     See  Revelation,  chap.  xxi.  20. 

rnrRCHWARDENS,  the  guardians  or  keepers  of  the 
church,  are  persons  annually  chosen  in  Easter  week,  by  the 
joint  consent  of  the  minister  and  parishioners — or  aecordimcto 
the  custom  of  the  respective  places — to  look  after  the  church 
and  church)  ard,  and  things  thereunto  belonging.  They  are 
intrusted  with  the  care  and  management  of  the  K(M>ds  and 
personal  property  of  the  church,  which  they  are  to  order  for  the 
liest  advantage  of  the  parishi<mers  ;  but  they  have  no  interest 
in,  or  power  over,  the  frt-ehold  of  the  church  itself,  or  of  any 
land  or  other  real  property  belooKing  to  it :  these  are  the  nro- 
perty  of  the  parson  or  vicar,  who  alone  is  interested  in  their 
lo!is  or  preservation.  The  churchwardens,  therefore,  may  pur- 
chase goods  and  other  articles  for  the  use  of  the  parish ;  they 
may.  likewise,  with  the  assent  of  the  parishioners,  sell  or  other- 
wise dispose  of  the  goods  of  the  church;  but  without  such  con- 
sent, they  are  not  aathorised  to  alienate  any  of  the  property 
under  their  care. 
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All  {keen  of  tbe  realm,  clersymeii,  oonnaellora,  atloniejra, 
clerki  ■□  court,  phyBiciani,  inrgeons,  aod  apothecaries,  are 
eiempt  from  servioK  the  office  of  churchwarden,  as  is  every 
lioeDsed  dissenting  teacher. 

CHURN,  an  implement  for  aptating  cream  or  milk,  so  as 
to  sepiirale  the  butyrous  partick-s  from  the  serons,  and  to 
effect  the  productioD  of  batter. 

The  inferiority  of  the  charns  in  common  ase  bas  indnced 
several  ingenious  mechanics  to  exert  their  skill  in  coDlriTins 
others  that  would  render  the  process  of  making  batter  less 
tedions  and  expensive.  Of  these,  one  of  the  most  valuable  is 
Bowler's  improved  churn,  with  which  the  Societj  for  the 
Encmragemenl  of  Arts,  &c.  were  so  well  satisfied  as  to 
present  tbe  inventor  with  thirty  guineas.  This  charn  renders 
the  operation  of  making  halter  far  less  fatiguing ;  and  it  has, 
besides,  some  peculiar  advantages,  which  will  appear  in  our 
description. 

This  cbnni  is  of  tbe  barrel  kind,  being  a  cylinder  IS  inches 
in  diameter,  and  9  wide  ;  tbe  sides  are  of  wood,  and  the  rim  a 
tin  plate,  which  has  two  openings,  one  S|  inches  ia  length,  and 
4  in  width,  throagh  wbicb  tbe  cream  is  poured  into  the  churn, 
and  the  hand  introduced  for  cleaning  it;  the  other  a  short 
pipe,  one  inch  in  diameter,  bj  wbicb  the  buttermilk  raos  oul  of 
the  cbum  when  the  operation  is  finished.  The  first  of  these 
openings  bas  a  wooden  cover,  fasleued  down  by  two  screws  ; 
and  tbe  other  a  cork  fitted  to  it,  while  the  bntter  is  churning. 
There  is  further,  near  tbe  larger  opening,  a  small  vent-hole 
with  a  peg,  to  admit  ihe  passage  of  any  air  that  may  be  dis- 
charged from  the  cream  at  the  beginning  of  tbe  operation.  An 
axle  also  through  the  churn,  terminating  in  two  gudgeons,  on 
which  it  passes,  hangs ;  its  lower  part  being  immersed  in  a 
trough,  in  order  to  hold  occasionally  either  hot  or  cold  water, 
according  to  the  season  of  the  year.  On  the  inside  of  tbe  rim 
are  four  projecting  pieces  of  wood,  with  holes,  serving  to 
af  itate  the  cream  by  the  motioo  of  the  cborn.  The  movement 
is  cansed  by  a  pendulum  3  feet  6  inches  long,  that  has  an  iron 
bob  weighing  10  lbs.  and  at  its  upper  end  a  turning  pulley 
10  inches  in  diameter,  from  which  a  rope  goes  twice  round 
another  pulley  about  3  inches  in  diameter,  fixed  on  tbe  axis  of 
the  chum,  which  it  eanses  to  make  a  partial  revolution  b;  each 
vibration  of  tbe  pendulum. 


There  are  likewise  sliding  covers  to  the  machinery,  and 
anolber  to  the  water  trough  ;  in  order,  when  hot  water  is  nsed, 
to  secure  the  steam,  and  keep  tbe  cream  iu  a  proper  degree  of 
warmth.  Tbe  motion  of  the  pendulum  is  given,  and  continued, 
by  means  of  a  wooden  rod  about  .3  feet  9  inches  in  length,  which 
turns  on  a  pin  3  inches  above  the  bob  of  the  pendulum.  If 
there  be  a  transverse  handle  at  (he  npper  end  of  tbji  wooden 
rod,  a  boy  may  give  motion  to  the  chnm  with  great  facility, 


even  while  sitting ;  the  action  being  then  much  like  thai  of 
rowing,  one  of  the  most  advantageous  methods  of  applying 
human  force. 

In  the  figure,  AA  is  tbe  body.  B,  an  opening  by  which 
tbe  cream  is  pot  in.  C,  the  cover  of  the  large  opening;  the 
small  hole  on  the  opposite  side  of  the  churn  cannot  be  shewn 
in  this  view.  D,  the  gudgeon  on  wbicb  the  body  of  tbe  chnm 
hangs.  E,  tbe  upper  or  larger  pulley.  F,  the  smaller  pulley 
fixed  on  the  axis  or  gudgeon  of  the  churn.  G-G,  tbe  rod  of  the 
pendolum  hanging  from  the  upper  pulley  G.  H,  tbe  bob  of 
the  pendulum.  II,  the  handle,  moveable  on  a  pin  at  a,  by 
wbicb  the  pendulum  is  mnved  to  and  fro,  making  a  traverse  in 
form  of  tbe  dotted  line  K  K.  L,  the  trough  for  tbo  hot  or  cold 
water.  M,  a  projecting  piece  of  wood,  with  a  shonlder,  by 
which  the  handle  I  is  supported,  when  the  churn  is  not  atworL 

CHYLE  and  Chyme.  See  Blood.  When  food  has  bed) 
received  into  the  stomachs  of  animals,  by  the  action  of  the 
saliva  and  a  juice  in  the  stomach  called  the  gastric  juice,  it  ii 
converted  into  a  milky  fluid  called  chyme.  This  fluid  after- 
wards passes  into  tbe  intestines,  where  it  unites  with  the 
pancreatic  juice  and  bile,  and  is  there  separated  into  cbyle,  or 
into  feculent  matter,  which  is  carried  on  and  discharged. 
Chyle  is  taken  up  by  the  lacteal  absorbent  vessels,  and  Godi 
its  way  into  the  blood,  which  is  circulated  over  tbe  wiiale 
system,  and  nupplica  its  constant  waste. 

CICATRIX,  in  Surgery,  a  lillte  scam  or  elevation  of  callou 
flesh  rising  on  the  skin  after  tbe  beating  of  a  wound  or  nicer. 
Itiscommonlv  called  a  scar. 

CICHORIUM,  Succory,  a  genus  of  the  polygamia  mqaalli 
order,  in  the  syngenesia  class  of  plants  ;  belonging  to  the  4Hb 
natural  order,  composite.  There  are  three  species,  1.  Cicbo- 
rium  endivia,  the  common  endive,  which  ia  botb  an  annual  ind 
biennial  plant,  and  esteemed  as  a  salad.  2.  Cicborinm  intitrai, 
or  wild  succory,  grows  naturally  by  the  side  of  roads,  and  in 
shady  lanes.  It  is  good  in  scorbutic  complaints.  3.  CicbO' 
riam  spinosum,  with  a  prickly  stalk,  grows  in  Sicily,  and  the 
islands  of  tbe  Archipelago. 

CIDER,  a  drink  made  of  the  juice  of  apples.    In  this  pro- 
cess the  Devonshire  method  ia  preferred,  which  is,  (o  gather 
all  the  apples  that  have  dropped  from  tbe  trees,  from  time  to 
time,  into  a  heap,  where  they  are  suffered  to  lie  about  ten 
days ;  secondly,  such  as  are  to  be  gathered  from  tbe  trees, 
having  acquired  some  degree  of  maturity,  are  laid  in  a  heap 
by  themselves  for  about  a  fortnight ;  and  lastly,  the  bard  fruit 
which  ere  to  be  left  on  the  trees  till  frost  is  apprehended,  ate 
laid  in  separate  heaps  for  a  month  or  six  weeka.     Tbeae  heaps 
are  to  be  made  in  an  open  part  of  tbe  orchard,  withont  any 
regard  to  the  weather.     After  having  lain  the  proper  time,  the 
apples  are  ground  in  a  mill  resembling  that  for  grinding  bark, 
and  the  pumice  received  in  a  large  open  vessel,  capable  of 
containing  as  much  as  is  sufficient  for  one  making,  or  cheese 
as  itis  termed.     This  pumice  should  remain  no  longer  in  tbe    - 
vat  than  till  there  is  enough  broken  for  one  pressing.    The 
stooming  or  stumming  of  cider  is  done  by  burning  a  match  jn^— 
clean  hogshead,  moist  from  recent  rinsing,  and  rackinx  thv 
cider  on  the  fret  into  it.     If  much  on  the  fret,  when  the  cider  iK- 
half  racked  into  the  scenled  cask,  burn  another  match  in  eacht 
cask,  rolling  ihe  same  well  about  for  a  couple  of  boars.     Stsam. 
is  the  rich  must  of  good  cider,  blended  with  the  vapour  of  tb^ 
burning  match,  which  prevents  its  fermenting;  and  when  dis- 
posed to  fret,  must  be  racked  into  another  cask,  well  matched— 
Stum  is  used  to  mend   declining  cider,  to  make  it  feimealt 
afresh,  and  give  to  it  new  life  and  sweetness.    Boiled  eidvr' 
makes  tbe  best  stum  for  keeping. 

Cider  Wine. — The  method  of  preparing  this  liqnor  in  Anw 
rica,  where  it  is  much  used,  is  as  follows :  (he  fresh  apple  jaic9' 
is  evaporated  in  a  brewing  copper  till  half  of  it  be  wasted ;  (htv 
remainder  is  tbeu  put  into  a  wooden  cooler,  and  afterwards- 
into  a  cask,  with  an  addition  of  yeast,  and  so  fermented  in  tb^ 
ordinary  way.  This  process  has  lately  been  adopted  in  some  otf 
our  cider  counties ;  but  from  the  impregnation  of  tbe  copper  i(^ 
the  liquor,  tbe  public  ought  to  be  guarded  against  the  use  ofit— 

CIMEX,  or  Bug,  a  genus  of  hemipterons  insects,  of  wbict^ 
there  are  above  121  species.  The  larvsj  of  hugs  only  dJSetf' 
from  tbe  perfect  insect  fay  the  want  of  wings  ;  they  ran  ovetf' 
plants,   and    change  to  chrysalies  without  aoAetgoiag  an^ 
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cbord  of  tbe  sphere  >«as  tluui  Ita'  axil,  such  as  the  parHllels 
of  litilnde,  lie. 

CiBCLE*  of  Dtelination,  nre  peat  circles  iatersectiog  each 
otiier  in  the  pelea  of  the  world. 

ih'anui/ Circles,  are  parallels  lo  the  ecfQinoctial,  (apposed 
to  be  detcrlbed  b;  the  aiars,  and  other  poiots  of  the  heaveua, 
in  tteir  apparent  diurnal  rotation  about  the  earth.  It  ma; 
here  be  obserred,  that  most  circles  of  the  sphere  are  transferred ' 
from  the  heaven*  to  the  earth;  and  faa*e  thus  a  place  io  gea- 
Itraphj,  as  well  as  in  aitronomy  ;  all  the  points  of  each  circle 
heing  conceived  as  let  fall  perpendicularlj  on  the  surface  of 
tbe  terreitrial  globe,  and  hence  tracing  oot  circles  perfectly 
similar  to  them.  Thos  the  terrestrial  equator  is  a  circle  con- 
ceived precisely  under  the  equiooctial  line,  which  is  in  the 
heaYens :  and  so  of  the  resL 

Circles  of  £Irmrnan,  are  circles  parallel  to  the  ecliptic,  and 
«t  such  a  distance  from  it,  as  that  the  excarsions  of  the  planets 
towards  the  poles  of  the  ecliptic  may  be  included  within  them ; 
usual);  fixed  at  ten  degrees. 

CiHCLEB.  Horary,  ia  Dialing,  are  the  lines  which  shew  the 
hours  on  dials :  though  these  be  not  drawn  circular,  but  nearly 
stmigbt.  Circle,  Wary,  an  the  Globe,  a  brazen  circle  fixed 
to  tbe  north  pole,  and  furnished  with  an  index,  shewing  the 
difference  of  meridians,  and  serring  for  the  solution  of  many 
problnns.  On  globes  of  late  itructare,  this  circle  is  often 
placed  on  the  equator,  and  the  index  is  made  to  slide  ou  a 
brass  wire  running  parallel  to  the  equator,  and  above  it. 

Circle  of  ilfununaiimt,  a  circle  passing  through  tbe  centre  of 
Ibe  earth  or  moon,  perpendicular  te  a  line  drawn  from  tbe  sun 
to  tbe  respeotire  body.  This  is  supposed  to  separate  the  Ilia- 
minted  part  of  the  globe  from  the  darkened  part;  which  it 
does  very  nearly. 

Circles  of  XatitMif*,  or  See^daria  of  the  Ethfiie,  are  great 
eirates  perpeodioular  to  tbe  plane  of  tbe  echpiic,  pissing 
through  the  poles  thereof,  and  ibroogb  every  staj  and  planet 
They  are  so  oalled,  boeause  they  serve  to  measure  the  latitode 
of  the  stars,  which  is  nothing  but  an  arch  of  one  of  Uese  circles 
intercepted  between  tbe  star  and  tbe  eoliptio. 

Circles  ot  Lo»fit%tlt,  are  several  less  cirolea, parallel  to  the 
oollptie ;  still  diBiiniibii^,  la  propattioB  m  they  recede  from  iL 
Oo  Ibe  arches  of  the*«  eiieleB  the  longitode  of  the  atara  is 
reckoned. 

CiRCLi  of  pgrpetnal  Apparition,  one  of  the  less  eircles, 
ptitallel  to  the  equator ;  described  by  Kny  point  of  the  sphere 
tottohing  tha  norihem  point  of  the  horlson  ;  and  carried  about 
with  Ibe  diurnal  motion.  All  the  stars  ineluded  within  this 
circle  never  set,  but  are  ever  visible  above  the  boriKni. 

Circle  oi  perpttittl  Omibttiim,  is  enotber  circle  at  alike 
distance  from  the  equator;  and  ooDtains  all  those  stars  which 
■ever  appear  in  our  hemisphere.  The  stars  situated  betwe» 
these  circles  alternately  rise  and  Kt  at  oertain  times. 

Peiir  Circus,  mre  immoveable  circles,  parallel  to  the  equa- 
tor, and  at  a  dbtanoe  from  tbe  poles  equal  to  the  greatest 
deolioatioB  of  the  loliptio. 

CiKCLEs,  Jhnijie^,  a  name  gi*ew  to  aertain  ancient  cnola- 
snrea,  formed  by  rode  stones  circnlarly  urnuiged.  These,  it  is' 
supposed,  were  temples,  or  places  for  aolemn  assemblies,  for 
couneih.  or  seats  of  Judgment. 

CIRCUIT,  in  Law.  a  longer  course  of  proeeediDgs  than  is 
needful  to  reooTer  Ibe  thing  sought  for.  Circuit  also  aigniBo* 
the  journey  oc  pngreu,  which  the  jodgcs  take  twice  every 

Sew,  through  tbe  several  coDutiet  of  England  and  Wales,  to 
old  courts  and  administer  JQsticc,  where  recourse  cannot  be 
Iwd  la  die  Kiai'a  aoarts  at  Weslniaster;  heaoe  England  is 
4ivtded  iatosix  eircoita,  st>.  the  Home  eircuil,  Norfolk  oircoit, 
Midk»d  cireqii,  Oxford  eirenit,  Weatent  circuit,  and  Nortbeia 
•irqtdU  !•  Wale*,  tiKre  arc  but  two  eirouila.  North  and 
8oith  W«les.  Two  Jadges  are  aselgned  by  the  kinR'a  cemmi»- 
Cioa  to  every  eircuit.  In  Scollaod  Ibere  ve  three  circuits, 
tm  Uw  Se«(her«,  Weiterik  aad  Norther*,  which  are  likewiae 
fude  twiee  every  y«ar.  i>i«.  Ip  sprtng  sAd  Mtamx. 

CIKCULAR.  amy  tbioc  rdktiag  to  ttx  etrele :  w  Circul'IK 
^rw.  tuMnrntnu,  Lkit*.  PmrU,  Atm,  Eto. 

CiR«VUR  Mittf.  b  the  meRSnn  or  sp»ee  included  betweea 
tV9  MncoRtrio  eircha,  a*d  tiM  wea  of  it  i*  ooascquenily  equal 
W  Ike  Oiffareaoe  cf  Um  anm  tf  tbe  t«»  oirclei.    Or  tbe  ares 


may  he  found  thos;  Multiply  (he  anm  of  (be  two  diameters  by 
tlic  diflerenoe  of  them,  and  that  product  again  by  'TS&l,  wbkh 
will  give  the  area  reqoired. 

CiRCUL«K  Sailinff,  the  method  of  moving  a  ship  apon  a  great 
circle  of  tbe  globe. 

ClRCULiiR  A'umicrr,  a  name  sometimes  applied  to  aumben 
whoso  powers  terminate  in  tbe  same  digits  as  their  roots ;  aa 
old  and  useless  dialiuctioa. 

CmcoLAR  Parti  (Napier's),  are  five  parts  of  a  right-angled, 
or  a  quadraolal  spherical  triangle ;  thej  are  the  legs,  the  com- 
plement of  the  hypotbenuse,  and  the  complements  of  the  two 
obliqae  angles. 

GiRCL>L«R  ImtrumeRts,  or  Refieclinp  or  Multiplying  Grtltt, 
are  instruments  tvliich  possess  ell  the  advantagea  of  aecniaiey 
attending  large  instrnroenls.  in  diminishing  the  errors  of  dlvi. 
aioD  and  eccentricity  at  pleasure,  bv  means  of  reflection,  thoagh 
Ihe  instruments  themselves  are  small  and  portable.  Cirouhr 
instruraents  maybe  considered  as  improvements  of  HHtUcy's 
octant,  and  the  marine  aextant,  which  are  for  the  same  pnipoie ; 
VIZ.  for  observing  the  altitades,  distances,  tuu  of  Ibe  heavealy 
bodies,  extremely  useful  for  navigators  in  finding  tbe  ESDon's 
distance,  and  other  nautical  purposes. 

CIRCULATING  Decimals,  or  Atturrnt^  DteiwtaU.  are  these 
that  consist  of  a  repetition  of  a  small  number  of  digits,  as 
-646464.  kc  ■4)}713T127.  kc. ;  in  fact,  every  decimal  that  is  not 
finite,  is  a  circulating  decimal,  or  is  soch,  that  if  cantinned  ba 
enough  the  same  figures  will  again  recur ;  but  it  is  only  those, 
of  which  the  periods  ofcirculation  coniist  of  a  few  figores,  Ihtl 
receive  generally  the  dehniiioo  of  circulating  decimBls- 

When  the  circulation  consists  of  Ihe  same  digit  repeated,  it 
is 'called  a  Simple  CireuUue,   and  is  distinguished  by  a  peial 

placed  over  it :  thus  -ill.  Sic.  zz.  -1 :  -333  —  -3.  be.  Wbea 
the  period  of  circulation  conaisij  of  more  than  one  digit,  it 
is  called  a  Compound  Circulate,  and  is  distingQiahed  that, 
■214234234,  he.  =  2^4.  A  Mixed  Ctreulmte  is  that  which  has 
other  flgnres  in  it  that  are  not  repeated,  as  ■7S4M84,  Sco. ;  and 
these  are  represented  thus.  -784. 

All  operationa,  as  multiplication,  division,  be.  of  these  !«■• 
bers.  may  be  performed  by  ibe  same  rules  aa  common  deeimala  j 
and  in  fact,  there  are  very  few  cases  in  wiucb  those  roles  an 
not  to  be  preferred,  though  some  authors,  as  Brown,  Caa*. 
Malcolm,  Emerson,  Donn,  and  particularly  Henry  Clarfce,  have 
treated  at  coniiderable  leoglb  the  theory  of  ciroutating  deci- 
mala ;  as  also  Dr.  Wallis,  wbo  seems  to  have  been  the  fint 
author  that  distinguished  them  under  a  separate  head. 

Redutti<m  of  Cirvtilaling  Dtciiialt.~-C»te  \.  Tu  redooe  a 
Binpte  or  Compound  Circulate  to  its  equivalenl  FractiDO-— 
fill'*.  Take  the  Bgares  in  tbe  given  deoimsl.  considered  aaa 
whole  unmber,  for  the  numerator ;  and  as  many  B'a  as  there 
are  places  in  the  circulate  for  tbe  denomiDator;  obeerviof 
oaly,  that  when  there  are  any  integral  figures  in  the  eircnlWe, 
as  many  ciphers  must  be  annexed  to  the  naiuerator,  aa  tb« 
highest  place  in  the  repetend  is  distant  from  the  decimal  point 
Ihns, 


Exam^let 1.  Tbe  circulate 


I   =    I 

2 -36=:   «  =  A 

3. •«=*=:* 

4 «-6(n=3*=2Ar 

Core  3.  To  redoce  a  Mixed  Circulato  to  its  equivaltDt  i 
(ion. — Rule.  Sohlract  the  finite  part  of  Ihe  eipreasion,ci___ 
dered  as  a  whole  awnber.  from  tbe  whole  mixed  repetentf^ 
taken  in  the  same  manner  for  tbe  numerator;  and  to  at  nu — 
9's  as  there  are  repeatini;  places  in  tbe  circulate,  rdimx  i 
many  oiphen  as  there  are  Onite  decimal  places  for  a  d 
nator;  thos, 

£ranipfr«.— 1.  The  droqlale  138  =   — ^ —  =  ^  =  A 
a.  Ag»in....2-418  =  2^^^^=att  =  3» 
And  so  on  la  other  exa]a(tl«a.  Havinc  thus  shewa  h«w  t«  redoM 
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^arUpradence,  afn'ceable  to  what  is  deDominated  the  law  of 
nature  and  nations,  and  which  were  generally  observed 
throaghoat  the  Roman  dominions  above  1200  years.  In  our 
country,  the  civil  law  is  used  in  the  ecclesiastical  courts  and 
the  adiniralty,  but  is  subservient  to  the  common  law.  • 

CIVIL  Year.    iSffYEAR. 

CLAMPS,  in  Naval  Architecture,  thick  planks  on  the  inner 
part  of  a  ship's  side,  used  to  sustain  the  ends  of  the  beams,  and 
extending  from  stem  to  stern,  including  the  whole  interior 
range  of  the  side.  They  are  placed  close  under  each  deck,  so 
as  to  be  securely  fayed  to  all  the  timbers,  to  which  they  are 
fastened  by  nails  through  the  clamp,  and  penetrating  two-thirds 
of  the  thickness  of  the  timbers. 

The  clamps  of  the  lower  and  second  decks  ought  to  be 
equal  in  thickness  to  half  the  corresponding  timbers  in  that 
part,  and  as  broad  as  can  be  procured.  In  their  disposition  it 
IS  essentially  necessary  to  avoid  their  being  wounded  by  the 
ports,  as  the  strength  and  firmness  of  a  ship  greatly  depend  on 
the  substance  and  solidity  of  those  pieces  which  lie  horizontally 
in  her  frame. 

Clamps  are  also  smooth  crooked  plates  of  iron  fore-locked 
upon  the  trunnions  of  the  cannon,  to  keep  them  fast  upon  their 
carriages :  these,  however,  are  more  properly  termed  cap- 
squares.  Clamps  of  the  latter  kind  are  likewise  frequently 
used  to  fasten  the  masts  or  bowsprits  of  small  vessels,  and  of 
boats. 

CLAN,  a  term  used  in  Scotland  to  denote  a  number  of  fami- 
lies of  the  same  name,  under  a  feudal  chief,  who  protected 
them,  and  in  return  for  that  protection  commanded  their 
services  as  his  followers,  and  led  them  to  war,  and  on  military 
excursions. 

CLARENCIEUX,  the  second  king  at  arms,  so  called  from 
Lionel  Duke  of  Clarence,  to  whom  the  title  originally  apper- 
tained. His  office  Is  to  marshal  the  order  of  procession  in  the 
funerals  of  the  inferior  nobility,  &c. 

CLARIFICATION,  in  Chemistry,  the  clearing  and  fining 
any  fluid  from  heterogeneous  matter. 

CLARO  OBSCURO,  in  Painting,  the  art  of  distributing 
advantageously  the  light  and  shadow  of  a  piece  with  regard  to 
the  ease  of  the  eye,  and  the  effect  of  the  whole.  It  also  denotes 
a  design  consisting  of  only  two  colours,  usually  black  and 
white,  or  black  and  yellow. 

CLASS,  a  term  given  to  the  general  divisions  of  a  subject: 
thus  in  the  Linnaean  system,  animals  and  plants  are  divided 
into  classes. 

CLAY,  a  kind  of  earth,  which  was  formerly  denominated 
argillaceous,  but  is  now  found  to  be  a  mixture  of  alumina  and 
silica  in  various  proportions.  Clay  also  contains  carbonate  of 
lime,  of  magnesia,  barytes,  oxide  of  iron,  &c.  It  adheres 
slightly  to  the  tongue ;  feels  greasy ;  and  falls  to  powder  in 
water.  When  pure,  it  is  white  with  a  tinge  of  blue  or  yellow. 
Potters'  clay  stains  the  fingers,  and  acquires  a  polish  by  rub- 
bing. When  properly  moistened,  it  is  very  ductile.  Tobacco 
pipe  clay  is  a  variety  of  this  species.  The  structure  of  schis- 
tose clay  is  slaty,  and  of  a  gray  colour.  It  is  usually  found 
in  coal  mines. 

CLAY  SLATE,  is  a  mineral  extensively  distributed,  forming 
part  of  primitive  and  transitive  mountains.  Its  constituents 
are  48'6  silica,  23*5  alumina,  1*6  magnesia,  11*3  peroxide  of 
iron,  0*5  oxide  of  manganese,  4*7  potash,  6*3  carbon,  0*1  sul- 
phur, and  7*6  water  and  volatile  matter. 

CLEATS,  pieces  of  wood  of  different  shapes,  used  occa- 
sionally in  a  ship,  to  fasten  ropes  upon :  some  have  one,  and 
some  two  arms;  others  are  without  arms,  being  hollowed  in  the 
middle  to  tie  any  thing  to,  and  are  called  belaying  cleats,  a 
deck  cleat,  and  a  thumb  cleat 

CLEF,  or  Cliff,  in  Music,  a  mark  set  at  the  beginning  of  a 
song,  denoting  the  key  in  which  the  same  is  to  be  performed, 
or  it  is  a  letter  marked  on  a  line,  to  explain  the  rest 

CLEOSTRATUS,  a  celebrated  astronomer,  born  in  Tenedos, 
was,  according  to  Pliny,  the  first  who  proposed  the  signs  of  the 
Eodiao ;  others  say,  that  he  only  invented  the  signs  Aries  and 
Sagittarius.  He  also  corrected  the  errors  of  the  Grecian  year, 
about  the  306th  before  Christ 

CLEPSYDRA,  an  instrument  or  machine  serving  to  measure 
tioM  by  the  fall  of  a  certain  quantity  of  water,  though  there 


have  likevrise  been  clepsydras  made  with  mereary.  The  Egyp« 
tians,  by  this  machine,  measured  the  course  of  the  sun.  Tycbo 
Brahe,  in  later  days,  made  use  of  it  to  measure  the  motion  of 
the  stars,  &c. ;  and  Dudley  used  the  same  contrivance  m 
making  all  his  maritime  observations.  The  use  of  clepsydne 
is  very  ancient;  they  were  invented  in  Egypt,  under  the  Ptole- 
mies ;  as  were  also  sun-dials.  Their  use  was  chiefly  in  the 
winter,  as  the  sun-dials  served  in  the  summer :  but  they  had 
two  great  defects ;  the  one,  that  the  water  ran  out  with  a 
greater  or  less  facility,  as  the  air  was  more  or  less  dense ;  the 
other,  that  the  water  ran  more  readily  at  the  beginning  than 
towards  the  conclusion. 

The  Construction  of  a  common  Clepsydra. — ^To  divide  any 
cylindrical  vessel  into  parts,  to  be  emptied  in  each  division  of 
time  ;  the  time  wherein  the  whole,  and  that  wherein  any  part  is 
to  be  evacuated,  being  given  :  Suppose  a  cylindrical  vessel, 
whose  charge  of  water  flows  out  in  twelve  hours,  were  required 
to  be  divided  into  two  parts,  to  be  evacuated  each  hoar.  1.  As 
the  part  of  time  1  is  to  the  whole  time  12,  so  is  the  same  time 
12  to  a  fourth  proportional  144.  2.  Divide  the  altitude  of  the 
vessel  into  144  equal  parts:  here  the  last  will  fall  to  the  last 
hour ;  the  three  next  above  to  the  last  part  but  one  ;  the  fife 
next  to  the  tenth  hour  ;  lastly,  the  twenty-three  last  to  the  first 
hour.  For  since  the  times  iticrease  in  the  series  of  the  natural 
numbers  1, 2, 3, 4, 5«  &c.  and  the  altitudes,  if  the  numeration  be 
in  a  retrograde  order  from  the  twelfth  hour,  increase  in  the 
series  of  the  unequal  numbers  1, 3,  5,  7,  0,  &c.  the  altitudes 
computed  from  the  twelfth  hour  will  be  as  the  squares  of  the 
times  1,  4,  9,  16,  25,  &c.  Therefore  the  squares  of  the  whole 
time,  144,  comprehend  all  the  parts  of  the  altitude  of  the  vessel 
to  be  evacuated.  But  a  third  proportional  to  I  and  12  is  the 
square  of  1*2,  and  consequently  it  is  the  number  of  equal  parts 
in  which  the  altitude  is  to  be  divided,  to  be  distributed  accord- 
ing to  the  series  of  the  unequal  numbers,  through  the  equal 
interval  of  hours.  There  were  many  kinds  of  clepsydras  among 
the  ancients  ;  but  they  had  all  this  in  common,  that  the  water 
ran  generally  through  a  narrow  passage,  from  one  vessel  to 
another,  and  in  the  lower  was  a  piece  of  cork  or  light  wood, 
which,  as  the  vessel  filled,  rose  up  by  degrees,  and  shewed  the 
hour. 

Clepsydrae  have  been  much  improved  of  late  years  in 
their  construction;  but  as  their  use  is  now  superseded  by  the 
accuracy  of  our  modern  timepieces,  we  shall  not  dwell  longer 
upon  them  here. 

CLERK,  a  word  originally  applied  to  a  clergyman,  from  the 
Greek  cXi/poc,  chosen,  whence  it  was  afterwards  used  to  denote 
a  man  of  learning.  In  our  law,  it  is  still  the  designation  of 
every  person  in  holy  orders  under  the  episcopal  dignity.  The 
word  clerk  is  now  variously  applied  to  persons  in  nomeroos 
offices  in  the  law  and  the  government,  as  well  as  to  those 
employed  in  keeping  merchants*  books. 

CLICKS  are  small  pieces  of  iron  falling  into  a  notched 
wheel  attached  to  the  wiochers  in  cutters,  &c.  and  therd>j 
serving  the  office  of  pauls. 

CLIMATE,  or  Clime,  in  the  ancient  Geography,  a  part  of 
the  surface  of  the  earth,  or  zone,  bounded  by  two  leaser 
circles  parallel  to  the  equator  ;  and  of  such  a  breadth,  as  that' 
the  longest  day  in  the  parallel  nearer  the  pole  exceeds  the 
longest  day  in  that  next  the  equator,  by  some  certain  space,  as 
half  an  hour  or  an  hour..  Vulgarly,  the  term  climate  is  bestowed 
on  any  country  or  region  diff'ering  from  another,  either  ia 
respect  of  the  seasons,  the  quality  of  the  soil,  or  even  the  man- 
ners of  the  inhabitants,  without  any  regard  to  the  length  of  the 
longest  day. 

CLINCH,  a  particular  method  of  fastening  large  ropes  by  a 
kind  of  knot  and  seizings,  instead  of  splicing;  and  is  ohieiy 
used  to  fasten  the  cable  to  the  ring  of  the  anchor,  and  the 
breechings  of  guns  to  the  ring-bolts  in  the  ship's  side. 

CLINCHER- WORK,  the  disposition  of  the  planks  in  the 
side  of  any  boat  or  vessel,  when  the  lower  edge  of  every  plank 
overlays  that  next  below  it,  like  slates  on  the  roof  of  a  honse. 

Clincher-built,  made  of  clincher-work. 

CLINCHING,  in  sea  language,  is  the  dfiving  a  little  oakoiB 
into  the  seams  to  keep  out  the  water. 

CLINICAL,  in  Medicine,  is  applied  to  the  prnetioe  of 
visiting  and  treating  patients* 
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CLOCK,  B  macMoe  now  conxtruelMl  in  auch  a  manoRr.  and 

id  rpjculatrd  b)'  the  unirorm  motion  (if  a  pendulum,  ai  to  mca- 

nrclinic, aiKlall  its  aubdiviKions.withKrealexactnrss.  Urforr 

tbe  invrntian  of  the  pendulum,  a  balance,  not  unlike  the  fly  of 

a  kilrlieB  jack,  mas  used  inntcad  or  it.     Clocks  were  at  Ursl 

called    ftoclumal    dials,    to  diitinfcuisb    Ibem   from    lun-dialt, 

which  ihcwed  the  hour  bj  the  ihadow  of  the  lun.     The  iiiven- 

tion  or  clocks  with  wheel*  ts  ascribed  to  Pacihcux,  archdeacon 

of  Vrrona,  in  the  tnh  ccnlury,  oa  the  credit  of  an  epitaph 

qootrd    by  l))chelli.   and  borrowed   by    hira    from    Panviniui. 

Uthrrs  attribute  the  invention  to  Boelhias,  aboullhe  year  dlO ; 

tod    aoine   lo    Archimrdi'^.     But   we    know    for   certain,  that 

Edward  111.  Rate  permission  to  three  arlints  to  come  over  from 

Holland  toEniland,  and  practise  their  callinK  hero.     A  modem 

rlock.  as  in  the  fifrore.  conxisti  uf  a  variety  of  part*,  which  may 

be  thai  explained  :     P  is  a  wright  which   ii  suspended  by  a 

eord  thai  winds  about  the  cylinder  or  barrel  C,  whicfa  is  fixed 

•pon  ihe  axil  a,  a ,-  the  pivotH  b,  b,  go   into  holes  made  in  the 

platpi  T  S,  T  S,  in  which  Ihcy  turn   rreelj.     These  plates  are 

Made  of  brass  or  iron,  and  arc  connected  by  means  of  four 

piUaM,Z,Z;  the  whole  lo|tethcr  bcinfc  called  the /iwaic.     The 

wrifhl  P,  if  not  restrained,  would  necessarily  torn  the  barrel 

C.  with  an  onifurmly  accelerated  motion,  in  the  tame  manner 

»#  if  the  «  riKht  w  ere 

HMbj:   freely.        Rul 

Kl»e  hanel  is  furnish- 

c-d   with    a    ratchct- 

wkMl,K.K,Iheiisht 

»»de  of  whose  teelb 

•a tikes    aRalost    ibe 

Tlia.  which  Is  lixed 

wilk  a  screw  lo  the 

«vhMl  D  U,  as  rcpre- 

•nltd  in  the  second 

SltR ;    BO  that    the 

MtioB  of  the  weight  is 

(■■■■Dnieated  to  the 

wlwel  DD,  the  teeth 

nf  aUeh     act    upon 

tbf  ireih  of  the  small 

•ted  d.  which  turns 

■m  the  piTots  e,  e. 

Tic  eonmanication 

nrinian  of  one  wheel 

<itk  another,!!  called 

i*fitrUKg;  a  small 

•ktil like  Miscalled 

*pain,  and  its  teeth 

*K  called   Iftrt  of 

Ik  piaion.     Several 

■Msn  are    reqaisite 

'■  ftim  a  Rood  pilch- 

>■(.  Ihe  advantaKQs 

■f  ahirh    are   obvi- 

"« in  all  machinerr 

■kne  teeth  aitri  pi- 

•■•Bs  an   employed. 

Tk  leelb  and  piaioo-leaves  should  be  of  a  proper  shape,  and 

MmiIt  eqaal  amonx  tbemsclves :   the  siac  also  of  the  pinion 

dwdd  be  of  a  jnst  proportion  to  the  wheel  actlnKioio  it. 

newbrel  EE  is  Ixedopon  the  axis  of  the  pinion  d-.  and  the 
Hbaa  commDnicated  to  the  wheel  I>  D  hy  the  weight  iit 
iTMtiBitted  to  the  pinion  d,  consequenlly  to  the  wheel  E  K,  as 
Bc^se  to  the  pinion  t  and  wheel  F  F.  whirb  moves  the  pinion 
/.lyon  ^  axis  of  which  the  crown  or  balance-wheel  Gil  is 
htd.  Th«  pints  of  (be  pinion  /  play  in  holes  of  (ho  plates 
LV.  aUeh  ar«  laed  horiaonUlly  lo  the  plates  T  S.  In  a  word. 
UssotioB  bexVB  bj  the  weight  is  transmitted  from  the  wheel 
OB  M  Ihe  palettes  I K.  and  by  means  of  the  fork  U  X  riveted 
*lhe  palette*.  coBannicates  motion  to  the  pendalum  A  B, 
•krb  is  aoapewled  apon  the  book  A.  The  pendulum  A  B 
IneiArs.  rannd  the  point  A,  an  arc  of  a  circle  alternately 
nv  and  retaniair.  If.  then,  the  pendalum  bo  oace  put  in 
M'ti'w  bv  a  paih  oTtbe  hand,  the  weiRhl  of  the  pendalum  at  B 
■in  Bake  H  retam  upon  itself,  and  it  will  continue  to  no  alter- 
niHt  baekvaid  aod  foivard  till  (he  resistanea  of  the  ali  npon 
19. 


the  pendulum,  and  the  friction  at  (he  point  of  suspen»ion  at  A. 
dcstrovH  (he  oriKJiial  imprcsicd  force.  But  as  at  every  tihra- 
tioa  of  the  pendulum  the  teeth  of  the  balaace-w  heel  ii  II  act 
so  U|ion  the  palettes  I  K  (the  pivoLi  upon  the  axis  of  iliv^e 
paleltp«  play  in  two  liolea  of  ihe  potenre  «(,)  that  after  one 
tooth  U  has  communicated  motion  to  the  pnli-llr  K,  that  looth 
escapes ;  tben  tbe  otiposiic  tooth  U  nets  iipou  ihc  pali-tir  I, 
and  escapes  in  (he  same  manner;  and  thus  each  tooth  u(  ilie 
wheel  escapes  Ihe  palettes  1  K,  after  havinic  communicaled 
their  motion  to  Ibe  palettes  In  such  a  manner  that  the  penda- 
lum,instead  of  beioK  stopped,  continues  to  move.  The  wheel 
E£  revolves  in  an  hour;  (he  pivot  r  til  thiii  whci-I  pames 
ihroagh  the  plate,  and  is  continued  to  r ;  upon  the  pitol  ii>  a 
wheel  N  N,  with  a  lon^  socket  fastened  in  the  centre;  upon 
the  extremity  of  Ibis  socket  r,  the  minute-hand  is  fixed.  Thi' 
wheel  N  N  acts  upon  tbe  wheel  O  ;  the  pinion  of  which  p  arts 
upon  the  wheel  gg,  fixed  upon  a  socket  which  turns  alnnK  with 
the  wheel  N.  This  wheel  gg  makes  its  revolution  in  I'i hours, 
upon  Ibe  socket  of  which  the  bonr-h*nd  is  flxcd. 

From  the  above  description  ii  is  easy  in  see,  I.  That  the 
weifcht  P  turns  all  the  wheels,  and  at  the  same  lime  continues 
the  motion  of  the  pendulam.  3.  That  Ihe  ijuickacss  ot  the 
motion  of  Ihe  wheel*  is  determined  hy  thai  of  the  pendulum, 
3.  That  the  wheels  point  out  tbe  parts  of  time  divided  by  the 
uniform  motion  of  the  pendulum. 

When  tbe  cord  upon  which  the  weixbl  is  suspended  is 
entirely  run  down  from  olT  the  barrel,  it  is  wound  up  afa'ia  by 
means  of  a  key,  which  goes  on  at  the  square  end  of  the  arbor  at 
Q,  by  tarnin)(  it  in  a  contrary  direrliou  from  that  in  which  the 
wcijcbt  descends.  For  Ibis  purpose  ihc  inclined  side  of  the 
teeth  of  (he  wheel  K  (as  in  (he  annexed  fiRure)  remotes  Ihe 
click  C.  xu  that  the  ratrbet-w heel  R 
turns  while  the  wheel  Disatrcsl;  but 
as  soon  as  tbe  cord  is  wound  up.  the 
click  falls  in  between  the  teelh  of  the 
wheel  l>,  and  the  riKht  side  of  the  teeth 
aKain  act  upon  Ihc  end  of  Ihe  click, 
irbich  obliices  the  wheel  I)  lo  turn  along 
with  the  barrel ;  and  tbe  aprinfc  A  keep* 
tbe  click  between  the  leeth  of  tlic  taichi-t- 
wheel  R. 

We  shall  now  explain  how  lime  i*  measured  by  the  motion 
of  the  pendulum ;  and  how  the  wheel  K,  upon  the  axit  of  which 
the  minute-hand  is  fixed,  makes  but  one  [jrccisr  revolution  in  an 
hour.  The  vibrations  of  a  pendulum  arc  performrd  in  a  ihoiter 
or  longer  lime  in  proportion  to  tbe  leii|[lh  of  the  pendulum 
itself.  A  pendulum  of  3^1  inches  in  length  makes  atHtO  vibra- 
tions in  an  hoor :  ■*.  t.  each  vibration  is  prrfurmed  in  n  second 
of  lime,  and  for  thai  reason  it  is  called  a  leeond  prnJutiM.  But 
a  pendalum  of  9^  inches  makrs  7:MM)  vibrations  in  an  hour,  or 
two  vibrations  in  a  second  of  time,  and  is  called  a  Aa/|''-MeDa^ 
p€iiitil»m.  Ilcocr.  in  constructing  a  wheel  whose  revolution 
must  he  performed  in  a  given  lime,  the  lime  of  the  vibrations  of 
the  pendulum  which  rcKulales  its  motion  must  he  considered. 
Sapposing,  then. that  the  pendulum  AB  makes ;2l)0iibralioos 
in  an  honr.  let  us  consider  how  the  wheel  E  shall  take  up  an 
hour  in  making  one  revolution.  This  entirely  depends  on  the 
number  of  teeth  in  the  wheels  and  pinions.  If  the  balance- 
wheel  consists  of  30  teeth,  it  wilt  tarn  once  in  the  lime  that  the 
00  vibrations  I  for  at  every 
tooth  * 

psleltc  K,  which  occasions  two  separate  vibrations  in  the  pen- 
dulam 1  and  the  wheel  having  30  teeth,  it  occasion*  twice  .HI.  or 
flO  vibrations.  Consequently  this  wheel  mast  perform  I'M  revv- 
lutions  in  an  hoar;  because  00  vibrations,  which  it  occasion* 
at  every  revolution,  are  contained  120  timet  in  THW,  the  num- 
ber of  vibrations  performed  by  the  pendulum  in  an  hour.  Now , 
in  order  to  determine  the  number  of  leeth  for  Ibe  wheels  E  F. 
and  Iheir  piaions  </,  it  mast  be  remarked,  that  one  revolution  of 
tbe  wheel  B  must  turn  the  pinion  «  as  many  times  as  the  num- 
ber of  teelh  In  the  pinion  ia  contained  in  the  number  of  teeth  in 
the  wheel.  Thus,  if  the  wheel  E  conlaias  Ti  teeth,  and  Ihe 
pinion  <  fl,  Ibe  pinion  will  make  13  revolutions  ia  the  timo  that 
the  wheel  makes  I  ;  for  each  tooth  of  Ibe  wheel  drives  forward 
a  tooth  of  tbe  pinion,  and  when  tbe  S  teeth  of  the  pinion  are 
moved,  a  coaiplete  revolotioa  la  perfonned;  bat  the  «bcd  M 
2  Y 
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hits  by  that  time  odI;  adv^noed  6  teeth,  cind  hai  •till  OR  to 
BdvSDce  before  its  rerotulion  be  completed,  wbioh  vill  occbiIod 
II  more  revolations  of  the  pinion.  For  the  BBme  reasoD,  Iho 
wheel  F  haviu^  60  teeth,  and  the  piaion  /S,  the  pinion  will 
make  10  revolulions  while  Ihe  wheel  peiformi  1.  Now  the 
wheel  P  bciri);  turned  by  the  pinioni,  makes  12  tevolDtioDS  for 
one  ofthewhei'l  E;  and  the  pinion/makei  10  revolations  for 
one  of  the  wheel  F  ;  conseqneolly  the  pinion/performs  lOtimea 
12,  or  130  rcvolulioni,  in  the  lime  the  wheel  E  performs  one. 
But  the  w4ii'cl  G,  which  is  tamed  by  the  pinion/,  occesious  GO 
Tibralionii  in  Ihe  pendolom  each  time  It  tarns  round  ;  conse- 
quently Ihe  wliod  G  occasions  60  times  120,  or 7200,  vibrations 
of  the  pendulum  while  the  wheel  E  performs  one  revulution  ; 
but  7*200  is  the  riumber  of  vibrations  made  by  the  pendulum  in 
ftn  hour,  and  consequently  the  wheel  E  performs  but  one  revo- 
lution iu  an  hour ;  and  so  of  the  rest. 

From  this  rensoninf;,  it  is  easy  to  disooter  how  a  olock  may 
be  made  to  go  fur  any  lenf^th  of  lime  without  bein^  wound  up. 
1.  Ily  increasing  the  number  oF  the  teeth  in  the  wheels.  2.  By 
diminishing;  the  number  of  teeth  in  the  pinions.  3.  By  increas- 
ing the  len^h  of  Ihe  cord  that  suspends  the  weight  4.  By  in^ 
creasing  the  lenKlh  of  the  pendiilam.  And,  6.  By  adding  to 
the  number  of  wheels  and  pinions.  But  in  proportion  as  Ihe 
time  is  au|;mented,  if  the  weight  continnes  the  same,  the  force 
which  it  communicates  to  the  tail  wheel  uH  will  he  diminished. 

It  only  remains  to  take  notice  of  Ihe  number  of  teeth  in  the 
wheels  which  turn  the  hour  and  minute  hands.  The  wheel  B 
performs  one  revolution  in  an  hour;  the  wheel  N  N,  which  is 
turned  by  the  axis  of  the  wheel  E.  must  like  wise  make  only  one 
revolution  in  the  same  time  ;  and  the  minute-hand  is  Ssed  to 
the  socket  of  this  wheel.  Tbe  wheel  N  has  30  teeth,  and  act« 
npon  the  wheel  O,  which  has  likewise  30  teeth,  and  the  same 
diameter  i  consequently  the  wheel  O  takes  an  hour  to  a  revolu- 
tion :  now  the  wheel  O  carries  ihe  pinion  p,  which  has  6  teeth, 
and  which  acts  upon  the  wheel  gnof  72teelh;oonsequentijUie 
pinion  p  makes  12  revolutions  while  the  wheel  qg  makes  one, 
and  of  course  thewheelfff  takes  12  hours  to  one  revolution; 
and  upon  the  socket  or  this  wheel  the  honr-haud  is  fixed. 
Much  that  has  been  said  here  concerning  revolutions  of  wheels, 
&c.  is  equally  applicable  to  watches  as  to  clocks. 

But  to  speak  of  the  striking  part,  in  which,  indeed,  as  well 
as  the  odier  part  of  a  clock,  there  Is  room  for  a  great  variety 
and  i^ice  in  tbe  construction ;  the  wheels  composing  this  part 
are,  the  great  or  first  wheel,  moved  by  the  weight  or  spring  at 
the  barrel,  in  sixteen  or  thirty  hour  clocks ;  this  has  usoally 
pins,  and  is  called  the  piit^trheel :  in  eight-day  pieces  the  second 
wheel  is  commonly  Ihe  pin-wheel  or  striking-wheel,  which  is 
moved  hy  the  former.  Next  to  the  striktn^-wheel  is  the  detent- 
wheel,  or  hoop-wbeel,  having  a  hoop  almost  round  it,  wherein 
is  a  vacancy  at  which  the  otock  locks.  Tbe  Aext  is  the  third 
or  fourth  wheel,  according  to  its  distance  from  the  rest,  called 
the  warninff-wl^el.  Tbe  last  is  Ihe  flying  pinion,  with  a  fly  or 
fan,  to  gather  air,  and  so  bridle  the  rapidity  of  the  dock's 
motion.  To  these  mnst  be  added  the  pinion  of  teport,  which 
drives  round  ihe  locking- wheel,  called  also  the  couM-vkrtI, 
ordinarily  with  eleven  notches  in  it,  unequally  distant,  to  make 
tbe  clock  strike  the  hours.     Besides  the  wheels,  to  the  clock 

Sart  belongs  Ihe  rash  or  ratch  ;  a  kind  of  wheel  with  twelve 
irge  fangs,  Tnnniog  concentrioal  to  the  dial-wheel,  and  serving 
to  tin  np  the  detents  every  hoar,  and  make  the  clock  atrlhc : 
tbe  detents  or  stups,  which  being  lifted  up  and  let  tnT\,  tuck 
and  unlock  the  vlotM  tn  striking  ;  the  hammer,  wfiich  strikes 
the  belt ;  the  bsnmer  tails,  by  which  the  striking  pins  draw 
back  the  hammers :  latches,  whereby  the  work  is  KFted  up  and 
unlocked;  and  li fling-pieces,  which  lift  ap  and  nntoek  Ihe 
detents.^-For  Ihe  other  parts  of  a  dook,  k<  Balswce,  Penbd- 

LL'H.  and  SCAFENENT. 

J.  H,  G.  Dyar,  ofVermont.in  Amertca,  has  {nv«n1ed  a  dock, 
the  prindptes  and  movements  of  which  «niirely  differ  from  those 
at  present  in  use.  Tbe  pendulum  moves  in  a  cy cloldal  arch,  and 
performs  long  and  short  viliratiam  in  equal  lim«s ;  while  the 
pendulum  of  tbe  conmon  clock  SwitMja  in  the  arc  of  a  circle, 
making  nnei^aij  Tibratfons  in  unequal  times.  In  otter  reipeeta 
its  construction  is  peculiar ;  the  hammer,  wbidh  is  balanced  and 
turns  on  a  pivot,  strikes  the  internal  timb  of  the  bdl ;  and  tfie 
BaoUnerj  of  the  whole  h  sarpririDgly  simple,  but  two  wheds 


beiiig  required  toconti,]ue  theoperationof  eight  days,  wilboat 
renewing  the  power:  three  wheels,  it  is  said,  aill  da  this  for  a 
year ;  and  four,  we  are  told,  will  perpetuate  the  motion  lot  a 
century.  They  may  be  seen  at  some  of  the  dockmakert  in 
London. 

Prior's  contrivance  for  the  striking  part  of  a  eight  day  dock, 
consists  of  a  wheel,  on  Ihe  face  of  which  are  cut  six  turns  of  a 
spiral  line  for  counting  the  hours ;  the  pins  below  this  spiral 
elevate  the  hammer,  and  those  above  are  fur  the  use  of  the 
detent.  This  single  wheel  serves  Ihe  purpose  of  couot-wbeel, 
pin-wheel,  detent-wheel,  and  tbe  tly-wheel,  and  has  six  revo- 
lutions in  striking  the  12  hours.  The  flies  of  clocks  turn  ronnd, 
at  a  mean,  above  sixty  limes  for  every  knock  of  the  hammer, 
hut  this  turns  round  only  three  limes  for  the  same  purpose; 
and  suppose  Ihe  pivots  were  of  equal  diameters,  the  inUuence 
of  oil  on  them  would  be  as  tbe  number  of  revotuiions  in  each. 

In  soinp  parts  of  the  kingdom,  Glasgow  to  wit,  the  dials  of 
public  clocks  have  been  illominated  by  gas ;  and  certaioiy 
nothing  is  more  necessary  than  tliis  addition  lo  oar  night 
watch.  A  dial-plate  might  be  made  to  revolve  on  the  axis  of 
Ihe  fixed  dial.  The  figures  shewing  the  hours  being  cntta 
contrary  suocession,  and  the  span  illominated  by  m  Mroag 
gas  light. 

One  on  Ihe  following  plan  might  be  adopted,  exactly  as  it  bai 
been  suggested  by  the  editor  of  the  "  RegUter  vftke  Art*  md 
Science!."  A  is  tbe  dial-plate  of  a  common  dock,  with  tbe 
hours,  Su.  marked  npon  il, 
as  usual ;  B  is  the  proposed 
addition  to  il,  for  the  par- 
poie  of  exhibiting  the  lime 
distinctly  during  the  night; 
C  is  a  light  cog-wbed, 
placed  immediately  faehiad 
the  day  dial,  haviag  its 
eentre  fitted  la  tbe  arbor  of 
Ihe  hour-hand,  aad  revolv- 
ing with  it.  ThenightdialB 
we  propose  to  he  made  of  a 
plsie  of  glass,  wilh  tfaebonis 
painted  upon  it  in  black,  and 

,'^,  %.^-.__.Vy-'^  'w/  centre.  The  index,  reprt- 
Vy-  '^w-w'"'  ."■  /  scnled  by  an  arrow,  is  fixed. 
^      '  ■  •'      '         The   periphery  of  Ihe  glat* 

plate  is  encampussed  by  a  . 
rim  of  brass,  having  nogs  io  a 
its  outer  edge, whidifitinto  « 
the  cogs  of  the  wheel  C  ;  consequently  they  move  together  -.  ^ 
and  being  of  equal  diaraelers,  they  perform  their  revolatlans  in  — 

equal  lime.     The  lime  represented  in  our  engraving  is  a  qoat 

ter  past  ten  \  when  the  hour-band  has  mov^  on  to  XI,  (for^ 
instance.)  the  transparent  dial  B  will  have  moved  an  eqna^H 
space  past  the  fixed  Index,  and  denote  the  same  precise  timr 
Both  dials  must,  by  this  simple  contrivaace.  Invariably  agre^H 
in  Aeir  respective  indications  of  the  time-  Daring  the  daj^ 
the  time  is  observed  on  the  large  dial,  as  nsnal ;  and  at  aifk^B 
a  lighted  lamp  placed  behind  the  transparent  dial  will  alwajMM 
exhibit  the  time  as  distinctly. 

CLOSE  HAULED,  the  arrangement  or  trim  of  a  thif 's  aail^ 
when  sbe  eDdeavoors  to  make  a  progress  in  the  nearest  diree — 
tion  possible  towards  that  point  of  Ihe  compass  from  which  the 
wind  Mows;  in  Ihis  muiner  of  sailing,  the  ked  of  sqnare-rifgMl. 
vessels  cossmonly  makes  an  angle  of  six  points  with  the  line  ti^ 
the  wind,  b«t  cutters,  luggers,  and  oiher  fore-and-aft  rinaiB. 
vessels,  will  sail  much  nearer.     All   veasels,  indeed,  are  sun^ 
posed  to  make  nearly  a  point  of  lee-wey  when  close-hMiIed, 
even  when  tbey  have  the  advantage  of  a  good  sailing  limmi 
and  smooth  water.    TIm  angle  of  Ihe  1 
in  proportion  to  tbe  iacreaao  of  tbe  w 
position  of  tbe  sniia  they  are  all  extended  sideways  on  the  abip, 
•o  that  tW  wind,  as  it  erossrs  the  ship  obliquely  towarda  'Om 
Item  from  farwardi.nay  ill  ibeir  cavities.     Bnt  as  the  onoenl 
of  wind  alao  unites  tlw  cavities  af  the  onils  in  annUique  direo- 
tion,  the  effort  of  It,  to  make  the  ship  advance,  is  considemUy 
diminished  :  the  will,  Iberefore,  Make  tbe  loasl  {vosreas  when 
■ailing  iu  tbis  ■nnoar.    Tbe  alap  u  said  to  be  dwwJiaoled, 
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becaave  at  this  time  her  tacks,  or  lower  corners  of  the  princi- 
pal nails,  are  drawn  close  down  to  her  side  to  windward;  the 
sheets  hauled  close  aft;  and  nil  the  bowlines  drawn  to  their 
greatest  extension,  in  order  to  keep  the  sails  ready. 

CLOSK  QUARTERS,  certain  strong  barriers  of  wood 
Btretchinjc  across  a  merchant  ship,  in  several  places ;  they  are 
■9ed  as  a  place  of  retreat  when  a  ship  is  hoarded  by  her  adver* 
aarr,  and  are  therefore  fitted  with  loop-holes  throa<ch  which  to 
0re  the  small  arms;  they  are  likewise  furnished  with  caissons, 
iH^  powder-chests,  fixed  upon  the  deck,  which  may  be  lired  at 
«B7  time  from  the  close  quarters  upon  the  boarders.  An 
Boirlisb  merchant  ship  of  10  fruns,  by  bcinac  properly  titted  with 
rioae  quarters,  has  btren  known  to  deft*at  the  united  efforts  of 
tihree  French  privateers  who  boarded  her.  after  having^  enjcafilfed 
•t  some  distance  ne^irly  a  day  and  a  half,  with  very  few  inter- 
wmlaof  rest.  Twooftlie  cruisers  were  equipped  with  12g:uns 
*h,  and  the  other  with  H.  The  French  sailors  were,  after 
linft.  so  much  exposed  to  the  continued  fire  of  musketry, 
cuborns  ehaqced  with  crenadoes.  that  a  dreadful  scene  of 
tfArnace  ensued,  in  which  tiie  decks  were  soon  c  ivered  with  the 
4ftt«d  bodies  of  the  enemy,  several  of  which  the  boarders,  in 
€lieir  hurrv  to  escape,  had  left  behind. 

C[/)L'D,  a  visible  afc^cregate  of  minute  drops  of  water  sus- 
yeoded  in  the  atmosphere.  The  same  a^fi:re{;ate,  which  in  this 
tfitmtion  is  called  a  cloud,  obtains  the  name  of  mibt,  when  seen 
Co  arise  from  the  earth  or  waters;  and  fop,  when  it  envelopes 
and  covers  the  observer.  Yet  tlie  two  latter,  viewed  from  a 
irreater  distance  or  elevation,  present  all  the  appearances  of 
«4«uds ;  while  those,  in  their  turn,  become  mists  and  fogs,  in 
proportion  at  we  approach  and  penetrate  them.  It  is  con- 
cloded,  from  numerous  observations,  that  the  particles  of  which 
ii  cloud  consists,  are  always  more  or  less  electrified  ;  and  this 
Bold  has  hence  been  considered  as  the  cause  of  the  formation 
of  all  elouds  whatever,  whether  of  thunder,  bail,  rain,  or  snow. 
Set  Mf.teor. 

The  hypothesis  which  assumes  the   existence  of  vesicular 

^v^Mar,  and  makes  the  particles  of  elouds  to  be  hollow  spheres, 

which  unite  and  descend  in  rain  w  hen  ruptured,  however  sane- 

Uoaed  by  the  authority  of  several  eminent  philosophers,  does 

^ot  seem  necessary  to  the  science  of  meteorology  in  its  present 

*tite ;  it  lieing  evident  that  the  buoyancy  of  the  particles  is 

*<M  more  perfect  than  it  ou^ht  to  be,  if  we  regard  them  as  mere 

^nips  of  water.      In    fact,    they  always  descend,    and   the 

wtter  it  elevatetl  again  only  by  being  converted  into  invisible 

^^jar. 

iW  height  of  the  elouds  is  supposed  to  He  from  about  a 
^iirter  of  a  mile  to  a  mite.  It  is  common  for  persons  by 
^tabing  very  high  mountains,  to  get  above  the  clouds,  and  see 
^^(■swim  beneath  them.  The  wonderful  variety  in  the  eoloar 
oftkeeioods  is  oalnc  to  their  partiinilar  situation  with  regard 
^tkesan,  and  the  diflerent  reflections  of  his  light.  Tfie  dif- 
ftitat  figures  of  the  rionds  result  from  their  loose  and  voluble 
^tare,  revohing  into  any  form  according  to  the  varied  force 
cf  Ike  winds.  Those  small  clouds,  sometimes  seen  very  high, 
M  heaped  apon  one  another,  presage  rain  very  soon.  When 
^koriaon,  at  the  rising  or  setting  of  the  sun,  appears  pale 
M  yellowish,  it  is  a  sign  of  the  air  being  full  of  vapours,  and 
threatens  bad  weather.  Hut  when  it  is  of  a  light  red  at  those 
%M,  there  are  but  few  vapours  in  the  air,  and  fine  weather 
^  he  ex  peeled.  The  quantity  of  vapour  evaporated  at  any 
^au  of  heat  or  wind,  depends  oo  the  quantity  of  vapour 
<mdy  io  the  atmosphere. 

00.4L,  a  solid  inflammable  substance  commonly  ased  for 
M.  There  are  various  species,  1 .  Pit  Coa/,  is  a  black,  com- 
ptet  hcHtle  mass,  which,  according  to  Kirwan,  consists  of 
9iM  or  aaphaltmn  mixed  with  argillaceous  earth ;  seldom  with 
cricareoas  ;  and  frequently  also  with  p}  rites,  t,  CWm  Cm/, 
Hk  has  a  rreater  portion  of  argillaceous  earth  and  vitrioKc 
tiiC  with  a  moderate  portion  of  petrol.  It  burns  with  a  lame 
vilhaiit  being  consomed.  3.  State  <W/,  contains  so  much 
<vlh,  that  it  looks  like  common  slate ;  but  bums  with  a  flame. 
tWfe  are  large  qaarries  of  it  at  Porheck,  in  Dorsetshire.  4. 
Cmarf  Ctmt,  or  ampelites,  is  of  a  dull  lilaek  eoloar,  and  horns 
«iik  a  hright  flame,  hot  is  apt  to  fly  to  pieces  Id  the  fire.  This 
kiad  if  osed  for  making  varioos  toys,  which  appear  like  jet 
i.  KiUkwwy  Comt,  b  the  lightest  of  all,  and  oontUBS  the  targeit 


quantity  of  asphaltum  ;  hams  with  less  smoke  and  flame,  and 
more  intensely,  though  more  slowly,  than  cannel  coal.  6  Stii* 
pkurous  Coal,  has  a  considerable  portion  of  pyrites,  whenco  it 
IS  apt  to  moulder  and  break  when  exposed  to  the  air,  after 
which  water  will  act  upon  it.  There  are  io  it  >ellow  spots 
resembling  metal.  7.  //orrjf  Coa/,  is  of  a  dark  brown  colour, 
and  of  a  >ellow  lamina  and  texture.  The  lamiav  arc  flexiblo 
when  first  dug,  but  harden  when  exposed  to  the  air.  It  con- 
sists of  wood  penetrated  with  petrol  ot  bitumen,  and  frequently 
contains  pyrites,  alum,  &c.  8.  Jet.  This  substance  is  foDod 
in  France,  Spain,  Germany,  Britain,  and  other  countries.  It 
is  found  in  detached  kidney-formed  masses  of  varioos  sises, 
and  is  of  a  very  deep  glossy  black  colour,  opaque  and  hard. 

Coal,  Small,  a  sort  of  charcoal  prepared  from  the  spray  aad 
brush-wood  stripped  ofl*  from  the  branches  of  coppice  wood, 
sometimes  formed  in  bavins  for  that  purpose,  and  sometimes 
charred  without  bimling.  It  is  used  by  artificers  to  temper 
and  anneal  their  works. 

COAL  6A8,  is  of  the  highest  importance,  from  the  beantifu* 
light  which  it  yields.  When  coals  are  bumini:  on  the  fire,  we 
see  ttie  stream  shooting  out,  and  inflaming  when  a  licht  is 
held  near  it :  this  is  coal  gas.  To  obtain  gas,  the  coals  are 
enclosed  in  iron  reir>rts,  which  are  heated  red-hot ;  the  coal  is 
literally  dissolved,  aad  the  gas  rising  up  in  the  retort,  is  made 
to  pass  through  water  and  other  substances,  to  free  it  from 
impurities.  It  is  collected  in  a  gasometer,  from  which  it  is 
transmitted  by  pipes  to  whatever  distance  it  may  be  required, 
with  the  same  facility  as  if  it  were  water  from  a  reservoir ; 
indeed,  with  greater  ease,  as  the  level  of  a  reservoir  of  water 
must  always  be  higher  than  the  place  to  which  water  is  ooa« 
daeted ;  but  from  the  booyancy  and  lightness  of  gas,  it  will 
ascend  to  any  height  to  which  it  may  be  desirable  to  con- 
duct it.  The  gas  produced  from  coal  is  chiefly  the  carbu- 
retted  hydrogen  gas,  which  consists  of  carbon  and  hydrogen, 
ehemfeally  combiaed.  This  is,  however,  by  no  means  in  a  stale 
of  purity,  but  is  only  the  predominant  gas  in  the  mixture. 

COASTING,  is  that  part  of  navigation  which  Is  carried  oa 
near  the  coast  or  shore,  without  losing  sight  of  land,  except 
occasionally  for  a  short  period. 

COAT  or  Arms,  in  Heraldry,  was  a  habit  worn  by  the 
aaeient  knights,  over  their  armour,  reaching  as  low  as  their 
navel.    The  term  is  used  for  the  bearing  of  a  person  or  family. 

COATING,  the  applleation  of  day  or  some  otlier  substance 
about  a  glass  vessel,  to  keep  It  from  breakiag  by  the  vioieuce 
of  the  fire. 

COBALT,  in  Chemistr}*,  a  metal,  when  pure,  of  a  vrhite 
colour,  inclining  to  bluish  or  steel  grav.  At  the  common  tem- 
perature its  specific  gravity  is  more  than  H'5.  It  is  attracted 
by  tiie  magnetic  neHle,  and  is  itself  capable  of  polarity.  For 
fusion,  it  requires  nearly  the  same  intensity  of  heat  as  east  iron. 
Cohalt  occurs  in  nature  aHoyed  with  other  metals,  and  mine- 
ralised by  oxygen,  and  by  arsenic  arid.  The  white  cobalt 
ore  is  an  alloy  of  cobalt  and  arsenic,  with  a  little  sulphur,  and 
In  some  speeimens  a  little  iron,  the  two  latter  being  probably 
accidental.  The  gray  cMibalt  ore,  as  it  has  been  named,  is  aa 
alloy  of  cohalt  with  arsenic  and  iron ;  sometimes,  also,  as 
has  been  afirmed,  with  small  portions  of  nickel  and  bismuth. 

Cobalt  combines  with  many  of  the  metals,  its  alloys  are 
generally  brittle,  aod  none  of  them  have  been  applied  to  any 
use ;  nor  have  they  been  roach  examined.  The  prindpai,  or 
indeed  almost  the  sole  use  of  cobalt,  is  in  comnMnicatlng  a 
bloc  colour  to  glass,  enamel,  and  porcelaio.  Smalt  and  aaore 
blue  are  merely  cobaltic  gflnss  in  fine  powder.  Zaffre  is  a  liat 
powder,  and  ao  impure  oxide  of  cobalt  prepared  by  caldnaiHoo 
of  the  ores. 

COBITIS,  the  I^amtke,  a  genas  of  fishes,  of  the  order  of 
abdominales,  of  which  there  are  five  species,  aatives  of  the 
rivers  in  Europe.  The  loache  generally  keeps  at  the  bottom  on 
the  gravel,  wbeaca  it  is  called  the  grouadliag. 

COBOOSE,  the  place  where  the  victuals  are  cooked  oa  hoard 
merchant  ships. 

COCCULUS  INDICUS,  a  poisonoos  herry,  too  freyaatiy 
mixed  with  bmH  liquors  to  make  them  iotoxicatinf .  It  is  the 
fmit  of  (he  moaospermum  coccalas. 

COCCUS,  a  genus  of  iasads  helongiiig  to  tae  oador  of 
homiptera.    The  coccus  cacti,  a  native  of  the  wanaor  parCi  «l 
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America,  is  the  famoas  cochineal  animal.  The  female,  which 
alone  is  valuable  for  its  colour,  is  slothful  and  ill-shaped.  The 
male  is  scarce,  and  sufficient  for  three  hundred  females.  It  is 
small,  slender,  and  active.  The  cochineal  insect  resembles 
tl|e  silkworm  in  the  manner  of  depositing  its  eggs.  The  insects 
destined  for  this  purpose  are  taken  and  put  into  a  box  lined 
with  a  coarse  cloth,  where  they  lay  their  eggs,  and  then  die. 
The  box  is  kept  close  shut  till  the  time  of  placing  the  egg  on  the 
foliage  of  the  cactus  cochenilifer  or  Indian  fig,  called  by  the 
Spaniards  nopal.  At  Oaxaca,  in  Mexico,  the  cochineal  insects 
are  gathered  in  large  quantities,  and  the  cultivation  of  them  is 
the  employment  of  the  Indians.  In  trade  there  are  four  sorts  of 
cochineal— mastique,  campeschane,  tetraschale,  and  Sylvester. 
The  first  is  the  best,  and  the  last  the  worst.  The  cochineal  is 
esteemed  in  medicine  as  a  cordial,  sudorific,  and  febrifuge ;  but 
it  is  chiefly  used  by  dyers  and  painters.  Coccas  lacca,  or 
gum  lac  animal,  is  a  native  of  the  East  Indies.  This  species 
fix  themselves  upon  the  succulent  extremities  of  the  young 
branches  of  the  trees  they  inhabit,  and  are  as  it  were  glued 
thereto  by  a  red  liquid,  which  gradually  accumulating,  forms  a 
complete  cell,  and  is  what  is  called  gum  lac.  Out  of  this  pro- 
ceed the  young  insects,  leaving  the  exuviae  behind,  which  is 
that  white  membranous  substance  found  in  the  cells  of  the  stick 
lac.  The  gum  lac  brought  to  this  country  is  principally  found 
on  the  mountains  on  both  sides  the  Ganges,  and  is  of  a  deep 
red  colour.  Coccus  Polonicus,  or  the  scarlet  grain  of  Poland, 
is  usually  met  with  at  the  root  of  the  plant  called  polygonum 
coccifernm. 

COCHINEAL,  was  at  first  supposed  to  be  a  grain,  which 
name  it  still  retains  by  way  of  eminence  among  dyers,  but 
naturalists  soon  discovered  that  it  was  an  insect,  a  species  of 
the  coccus.  Fine  cochineal,  which  has  been  well  dried  and 
properly  kept,  ought  to  be  of  a  gray  colour  inclining  to  purple. 
The  gray  is  owing  to  a  powder  which  covers  it  naturally,  a  part 
of  which  it  still  retains :  the  purple  tinge  proceeds  from  the 
colour  extracted  by  the  water  in  which  it  has  been  killed. 
Cochineal  will  keep  a  long  time  in  a  dry  place.  Hellot  says, 
that  he  tried  some  130  years  old,  and  found  it  to  produce 
the  same  efi'ect  as  new. 

COCHLEA,  the  same  as  screw :  being  thus  called  in  conse- 
quence of  its  resemblance  to  the  spiral  shell  of  a  snail,  called 
by  the  Latins  cochlem, 

COCKBOAT,  a  small  boat  used  on  rivers  near  the  shore. 
In  ancient  days  a  cock  was  the  general  name  of  a  yawl. 

COCKPIT,  in  a  ship,  is  near  the  apartments  of  the  surgeon 
and  his  matesu  being  the  place  where  the  wounded  men  are 
dressed.  It  is  situated  near  the  after  hatchway,  and  under  the 
lower  gun-deck. 

Fore  Cockpit,  a  place  leading  to  the  magazine  passage,  and 
the  boatswain's,  gunner's,  and  carpenter's  store  rooms ;  in 
large  ships,  and  during  war  time,  the  boatswain  and  carpenter 
generally  have  their  cabins  in  the  fore  cockpit,  instead  of 
being  under  the  forecastle. 

COCOS,  in  Botany,  a  genus  belonging  to  the  natural  order 
of  palmae,  and  of  the  monoecia  hexandria  class.  There  are 
^yrt  species.  The  principal  is,  cocos  nacifera,  or  cocoa-nut 
tree.  It  frequently  grows  to  the  height  of  sixty  feet,  and  is 
smaller  in  the  middle  than  at  top  and  bottom.  Owing  to  the 
load  of  nuts  which  it  bears,  it  leans  to  one  side.  The  colour  is 
of  a  pale  brown,  and  the  bark  smooth.  The  leaves  are  often 
fourteen  or  fifteen  feet  long,  and  about  twenty-eight  in  num- 
ber. The  nuts  hang  at  the  top  of  the  trunk  in  clusters  of  a 
dosen  each.  The  nut  has,  next  the  stem,  three  holes  closely 
•topped.  When  the  kernel  begins  to  grow,  it  incrusts  the  inside 
with  a  substance  like  jelly ;  this  hardens  and  increases  till  it 
becomes  white.  The  quantity  of  liquor  in  a  full-grown  nut  is 
about  a  pint,  and  is  pleasant  to  the  taste.  The  husky  tegu- 
ment of  the  nut  consistsof  tough,  stringy  filaments,  like  coarse 
oakum.  The  leaves  are  made  into  brooms,  mats,  sacks,  and 
other  useful  articles. 

CODE,  a  collection  of  the  laws  and  constitations  of  the 
Roman  emperors,  made  by  order  of  Justinian. 

CODEX,  a  book  or  tablet,  used  by  the  ancients. 

CODICIL,  a  writing,  added  by  way  of  supplement  when  a 
thing  has  been  omitted,  that  the  testator  wishes  to  appear  in 
Mm  Umt  wia. 


CO-EFFICIENTS,  in  Algebra,  are  numbers  or  U 
fixed  to  other  letters,  or  unknown  quantities,  into  ti 
are  supposed  to  be  multiplied  ;  and,  therefore,  wiih  su 
or  the  quantities  represented  by  them,  making  a  p 
co-efficient  product.    iSVe  Algebra. 

COFFEA,  or  the  Coffee  Thee,  a  genus  of  the  i 
order,  in  the  pentandria  class  of  plants,  ranking  in  tl 
method  under  the  47th  order  stellatie.  There  are  1 
the  principal  of  which  is  a  native  of  Arabia  Felix,  w 
about  16  or  18  feet  in  height :  the  main  stem  growio 
is  covered  with  a  light  brown  bark  ;  the  branches  are 
horizontally  and  opposite,  crossing  each  other  at  e^ 
The  leaves  also  stand  opposite,  and  when  full  grown, 
four,  or  five  inches  long,  and  two  broad  in  the  middle 
ing  towards  each  end  :  the  bodies  are  waved,  and  t 
is  of  a  lucid  green.  The  flowers,  which  are  white,  arc 
in  clusters  at  the  root  of  the  leaves,  sitting  close  to  the 
The  fruit  resembles  a  cherry.  It  grows  in  clusters 
branches,  under  the  axillae  of  the  leaves.  It  is  at  first 
colour,  and  when  of  a  deep  red,  is  gathered  for 
coflee  tree  is  cultivated  in  Arabia,  Persia,  the  East  I 
America.  It  is  also  raised  in  botanic  gardens,  i 
parts  of  Europe.  Cofl'ee  is  said  to  assist  digestic 
good  in  relieving  the  headache:  and  for  very  weak 
tions,  should  be  drank  immediately  after  dinner.  1 
in  large  quantities  by  the  Turks  and  Arabs. 

COFFER,  in  Fortification,  is  a  hollow  lodgment  ac 
moat,  on  which  are  raised  pieces  of  timber,  and  bur 
with  earth,  serving  as  a  parapet  with  embrasures, 
is  for  the  besieged  to  defend  the  ditch,  and  to  re 
besiegers. 

COFFER  DAM,  a  term  applied  by  engineers  to  d 
enclosures  formed  fbr  laying  the  foundation  of  piers 
works  in  water,  to  exclude  the  surrounding  fluid, 
forming  a  protection  both  to  the  work  and  workmen. 

COGNATION,  in  Civil  Law,  a  term  for  that  line 
guinity  between  males  and  females,  both  descended 
father. 

COGNISOR,  in  Law,  one  that  passeth  or  acknov 
fine  of  lands  or  tenements  to  another. 

COGNOVIT  Actionem,  in  Law,  is  an  acknowledg 
defendant,  or  confession,  that  the  plaintifi^s  cause  o 
just,  and  therefore  sufi'ers  judgment  to  go  against  bii 

COG  WHEEL.  Wheels  acting  upon  each  other  i 
struments  by  which  the  transmission  of  mechanic  forc< 
part  of  a  system  of  machinery  to  another  is  commonlj 
venicntly  efl'ected.  The  due  connexion  of  the  movii 
accomplished  either  by  the  mutual  action  of  propei 
teeth,  in  some  instances  called  Cogs^  by  straps  or  endl* 
or,  by  the  friction  of  one  face  of  a  wheel  against  ano 

Among  the  ingenious  inventions  of  the  present  di 
communication  of  motion  in  machines,  in  lieu  of  th< 
cog  or  toothed  wheels,  the  invention  of  Lewis  Gomp 
of  the  Keonington  Oval,  Surry,  is  so  perfectly  origi 
require  the  most  extensive  publicity.  The  following 
scription  in  the  words  of  the  inventor's  specificati 
patent  which  he  obtained  for  this  improvement  in 
dated  April  27th,  1814. 

**One  of  the  wheels  I  call  the  pin  wheel,  because  it 
ed  with  pins,  marked  B  C  D  E.  see  Plate^  figs.  1, 2,  an 
pins  may  be  furnished  with  friction  rollers,  and  whic 
perpendicularly  from  its  plane,  and  communicate  mo 
other  wheel,  called  the  curve  wheel,  (or  vice  versa,)  b 
curved  grooves  G  H  I  K,  made  in  the  surface  of  it,  ai 
the  perspective  view,  fig.  5.  The  axes,  and  conseq 
planes  of  the  two  wheels,  are  so  inclined  to  each  < 
the  ends  of  the  pins  B  C  are  beneath  the  surface  of 
wheel,  and  therefore  enter  into  the  grooves.    But, 

Suence  of  the  inclination  of  the  wheels  as  the  pins 
le  point  D,  or  come  to  the  line  between  the  cen 
wheels,  their  ends  come  to  the  surface  of  the  whee 
leave  the  grooves;  and  as  they  proceed  towards  E,  tl 
completely  above  the  wheel  as  to  pass  over  withoa 
it  The  manner  of  action  is  this :  the  pin  C  is  engag 
groove  6,  and  the  pin  B  is  on  the  point  of  entering  ] 
re? olation  of  the  pin  wheel  its  pins  B  and  C  act  in  th 


'/^> 


L>' 


►X4 


^' 


.- -\  - 


coo 


DICTIONARY   OP   MF.CHANICAL  8CIBNCB. 


C  O  H 


177 


pressiDic  in  their  corves,  turn  the  curve  wheel  round  npcm 
to  ccDtre;  and  as  the  pinii  in  iiurrrssion  quit  the  f^rooveii  in 
the  aame  manner  as  the  pin  T>  i.s  supposed  tn  have  quitted  the 
CrooTe  K.  thr  other  pins  ver>  soon  after  enter  the  next  fi^roove 
bot  one,  in  the  same  miinniT  as  B  is  enterinjc  into  IT,  and  h> 
this  means,  before  any  pin  leaves  its  groove,  the  Nueeerdinc 
pin  has  just  entered,  and  a  ooust:int  aetion  of  the  pins  in  the 
(groove  is  k^pt  up.    The  law  of  the  aetion  depends  upon  tlie 
natorc  of  the  curves,  \iihich  may  he  varied  at  pleasure,  so  that 
ihry  will  turn  each  other  with  an  equal  velocity,  and  with  a 
perfect  regular  motion;  or  hy  an  irre*;ulnr  one,  or  the  curves 
niay  be  made  to  turn  with  twice  or  throe  times  the  veloriiy,  or 
in  almost  any  ratio  required,  also  to  turn  each  other  in  either 
^irvction ;  thus,  in  tig:s.  1  and  5,  both  the  wheels  turn  round  in 
^c  same  direction  as  shewn  by  the  arrows,  but  in  fi^;.  2  tht; 
KTOoves  are  dilferentl)  curved,  and  they  tutn  ecmtrary  ways  to 
^ch  other.     A  manner  of  findin*;  the  eurves  for  these  ^ioo%es 
i^  explained  in  fis:.  4.     First  describe  the  circle  F  /,  for  the 
Hie  of  the  cur%e  wheel;  then  draw  a  circle,  A  B  C  H,  for  the 
pia  wheel,  and  divide  it  into  the  number  of  pins  it  is  intended 
to  have,  for  example  twelve;  subdivide  the  spaces  between 
Ciefa  of  the  pins  l>  C  and  C  B  into  any  number,  eij^ht  for  ex- 
mple,  and  fi^nire  the  divisions,  as  shewn  next;  on  the  centre 
Pdrvm  a  circle  through  e:ieh  of  liie  said  divisions,  alun  a  ciicle 
A  RT  passim;  throUKh  the  centre  of  the  pin  wheel.     Now, 
<liwade  the  circumference  of  this  circle  int(»  as  many  parts  as 
th<;   'wheel  Is  to  have  curves,  this  will  depend  npon  the  ratio 
the    velocities  (»f  the  wheels  are  to  bear  to  each  other;  tiius,  if 
it  fis  to  turn  twice  for  once  of  the  pin  wheel,  there  must  be  half 
as     snany  curves  as  there  are  pins  ;  tberifore  in  the  drawing, 
ttio  circle  A  K  T  is  to  be  divided  into  (i,  :iiid  each  sixth  is  sub- 
divided into  as  many  equal  parts  as  the  spaces  C  and  D  were 
vtar.  ti%hX.    These  spaces  are  to  be  numbered  as  shewn.     \Vi:h 
this  preparation  proceed  to  set  out  the  curves,  by  takinj;  the 
n^c&taf  A  D  in  the  compasses,  and  setting;  one  point  in  the  di%i- 
sioQ  marked  3.  between  T  and  A  ;  make  a  mark  at    ,  upon  the 
CKt«nial  circle,  also  numbered  3,  towards  that  side  where  the 
carve  wheel  is  to  be  elevated,  (by  siHf,  is  not  meant  side  of  the 
w^eely  hnt  aide  of  the  position  of  the  wheel,  or  of  absolute 
I  the  wheel  chanfscs  in  turnin<;.  and  w  hat  is  hi^h  in  one 
iv  low  in  the  next,)  because  it  passes  through  thedi\i- 
S,  hetween  Band  C.    This  mark  will  be  the  first  point  of 
•f  the  curves.    Then,  from  the  di\ision  4.  mark  the  circle 
4  iMthe  terond  point;  next  from  the  point  6  to  the  circle  5; 
Mi  io  oo  throufrh  the  whole  number  nf  circles.    This  will  find 
a  MMherof  points,  forminfr  a  curve  (»  t*  7,  which  will  be  the 
MBIre  line  of  the  intended  ^rruove.     And  to  find  its  breadth, 
teerihe  small  circles  round  each  of  these  p(»ints,  rather  larger 
tkao  the  pins,  as  drawn.    The  edj^es  of  the  grooves  may  then 
^  drawn  as  tan(?ents  to  these  circles.    The  succeedinf;  curves 
H  lad  I  are  found  in  exactl>  the  same  manner  from  the  sue- 
fccdiai:  aivisions  on  the  f^reat  circle,  bcp:iiinin);  on  the  division 
3.  ketveen  A  R,  and  so  on  all  round.     t>n  the  opposite  side  of 
^circle  are  shewn  curves  ^  A  t,  proper  for  trivinfi:  the  curve 
*Wd  an  equ«il  velocity  with  the  pin  wheel,  and  there  will 
iWfore  he  twelve  of  these  curves  in  the  whole.    The  prepa- 
fMioo  is  rxactly  the  same,  but  the  irrcai  circle  instead  of  six 
i>  divided  into  twelve,  as  at  the  points  a  r  and  I,  and  each  of 
^kctsare  subdivided  into  eif^ht  (or  the  same  number  as  between 
dtad  C;)  then  the  curves  are  set  out  from  these  points  exactly 
^■Mwe:  in  hoth  these  cases  the  wheels  are  cou.sidercd  as 
■vitlvlBr  ID  the  same  direction,  as  shewn  by  the  arrows  fi(;s.  I 
lii&    If  it  is  required  that  they  should  turn  each  other  in 
*P|arile  directions,  the  curves  must  be  reversed,  as  shewn  in 
^S.   To  set  oat  these  curves,  the  same  lines  and  divisions 
ii  fg.  4  are  used;  but  the  division  between  T  A  and  A  R 
he  inured  the  contrary  way,  namely,  bcfcinnin^  at  R  and 
to  A:  then  settinic  one  foot  of  the  compasses  at  5, 
A  and  R,  and  the  other  Icfc  in  the  first  circle  (marked 
^tsvards  that  side  where  it  is  meant  to  be  elevated,  and  as 
*W  lef  is  moved  towards  T,  move  the  other  Icfc  towards  the 
*vatra;  and  for  the  next  curve  befcin  with  the  next  same  num- 
Wr  towards  T,  and  so  on.  and  maik  as  before.     A  reverse 
carve  will  here  be  produced,  as  shewn  dotted  at  /  C  m,  and  a 
*bed,  eoastrocted  with  these  carves,  as  in  fig.  2,  will  turn  in 
•  coatrary  direction  to  the  pin  wheel,  as  shewn  by  the  arrows. 
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"Fi};.  3  represents  a  curve  wheel,  with  six  eunres.  which 
therefore  revolve  twice  for  onee  of  the  pin  w  heel ;  hut  the  corves 
are  so  arranged,  that  for  two-thirds  of  its  revolution  the  carve 
wheel  revolves  at  the  rate  of  four  to  one  of  the  pin  wheel,  ri'r. 
while  the  pins  are  aetinfc  in  the  curves  ii  and  K.  the  four  re- 
maiiiiufc  curves  I  L  M  H  are  close  together,  and  the  aetion  of 
tlie  pins,  when  in  them,  only  advances  the  curve  wheel  double 
the  space  of  the  ^in  wheel ;  but  the  motion  of  the  curve  wheel, 
even  while  the  pins  are  acting  in  these  grooves,  may  be  made 
irregular,  to  almost  any  required  law;  thus,  at  the  external 
parts  I  L  M,  where  the  pins  first  enter,  the  grooves  are  curved 
the  same  as  fig.  2,  and  therefore  the  pins  will  in  these  positions 
turn  the  curve  wheel  twice  as  fast  as  they  move  themselves, 
liut  on  entering  and  moving  through  the  returned  parts  1  /  m  of 
the  curves,  the  pin  conmiunicates  a  recoiling  motion  to  the 
cur\e  wheel,  which  coniiuucs  till  the  pin  enters  the  last  por- 
tions /  r  M\  and  at  the  same  time  a  succeeding  pin  enters  the 
next  curve;  this  again  actuates  the  curve  wheel,  as  in  the  first 
instance. 

**Tbis  wheel  is  set  out  on  the  same  principle  as  the  others, 
see  fij;.  f),  which  is  prepared  exactly  as  before,  except  the  divid- 
ing of  the  great  circle,  which  must  in  all  eases  be  done  aecord- 
inir  to  the  motion  the  curve  wheel  is  intended  to  have  given  to 
it:  in  the  present  instance  it  is  first  divided  in  3, at  A  US,  anr 
each  of  these  subdivided  into  eight;  then  from  No.  3.  betwoc. 
I<  and  A,  mark  on  the  outside  circle  3;  from  4  to  the  circle  4 
and  so  on  till  the  curve  O  is  brought  as  far  as  the  next  circh 
marked  3,  from  which  place  only  move  the  leg  in  the  large  cir 
cle  hnlf  a  di\ision;  then  set  out  K,  by  following  the  same  pro 
cess  on  another  part  of  the  great  circle,  exceptiug  that  the  le: 
in  the  large  circle  is  continually  to  be  moved  a  whole  divisior . 
To  obtain  the  four  other  curves,  take  the  space  from  fig.  3  m 
to  3  7.  which  is  one-third  of  the  whole  circle,  and  divide  it  into 
four,  t-i'r.  SLi  m  n  o  p  q;  then  each  of  these  spaces  being  sub- 
divided into  four,  as  shewn  by  the  figures  40.  6(),  and  60.  pro- 
duce the  curves  thus:  begin  at  m.  and  mark  on  the  external  cir 
ele  for  the  first  division  of  H,  then  from  40  mark  on  the  circled 
and  continuing  this  till  six  circles,  towards  the  centre,  ar 
marked,  and  the  curve  II  is  finished;  this  will  have  brought 
the  compasses  to  one  division  beyond  n;  for  the  returned  part 
A  mark  the  two  next  circles  towanls  the  centre,  and  by  return- 
ing one  division  for  each  in  the  large  circle,  this  brings  the 
compasses  back  to  60,  and  advancing  from  that  point,  begin 
the  interior  part  m\  and  al^o  the  part  Si  of  the  next  curve,  which 
is  completed  by  a  repetition  of  the  same  process  on  the  suc« 
ceediug  part  of  the  circle,  as  is  likewise  L  and  I  1;  but  the  in- 
terior end  X  of  the  latter  must  be  set  out  from  the  great  divi- 
sions of  the  circle  R  S ;  thus,  when  the  part  1  is  ended  from  €0 
ni  xt  to  7  .3,  advance  the  compasses  to  the  points  4.5,  0,  and  7 
for  marking  the  successive  circles  till  the  curve  is  completed. 
'*This  is  given  only  as  an  example  of  the  manner  of  making 
a  wheel  to  turn  with  any  required  degree  of  irregularity  in  it. 
motion:  but  I  claim  all  varieties  of  curves  which  may  be  made 
to  act  on  the  principles  I  have  described,  to  communicate  re- 
gular or  irregular  motion  from  the  pins  of  a  wheel." 

CX)IIE.^It)N,  that  species  of  attraction,  which,  uniting  par- 
ticle to  particle,  retains  tosether  the  component  parts  of  the 
same  mass ;  being  thus  distinguished  from  adktsion,  or  that 
species  of  attraction  which  takes  place  between  the  surfaces  of 
similar  or  dissimilar  bodies. 

Whatever  may  be  the  cause  of  cohesion,  its  effects  are 
evident  and  certain,  and  the  diff'erent  degrees  of  it  is  what 
constitute  bodies  of  different  forms  and  pro|ierties ;  at  least, 
this  is  the  opinion  of  Sir  Isaac  Newton,  and  other  eminent 
philosophers. 

Various  experiments  have  been  made  by  different  authors,  to 
ascertain  the  power  of  cohesion,  in  bodies  of  different  textures ; 
as  woods*  metals,  glass,  &c.  These  experiments  have  general! j 
been  made  on  cylindric  bars,  an  inch,  or  certain  parts  of  an 
inch,  in  diameter ;  and  as  it  has  been  proved,  that  the  direct 
cohesive  strength  of  a  body  is  in  the  joint  ratio  of  its  primitive 
elasticity,  toughness,  and  area  of  its  section,  it  follows,  thai 
having  ascertained  the  cohesive  power  with  any  given  section, 
the  same  may  he  found  for  the  same  substance  for  any  other 
section,  and  thus  the  experiments  of  different  authors 
pared  with  each  other. 
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Tta  rollowiiif  table  shew*  tbe  wei^hti  which  were  necessary 
to  tear  uuader  rods  of  different  subitanees,  whose  bases  were 
Moh  a  square  inch,  the  weights  being  applied  in  the  direction 
of  their  lenfth. 

METALS  Itit.  A>oiTd<«si>. 

steel 135000 

Ironbar 74U00 

Cast  iron 60100 

Copper,  east, 28600 

Stiver,  ditto, 41500 

Gold,    ditto, 22O0O 

Tin,       ditto, 4000 

Bismntb, 2900 

Zinc 2600 

Antimonj, 1000 

Lead,  cast 860 


Beech,  oak, 17300 

Alder, 13000 

Elm 13200 

Mulberry, 12600 

Willow, 12500 

12(100 


Plum,  . 

Elder,  . 


10000 

Fir, 8330 

Pitch,  pine, 7656 

Cypress 6000 

Poplar 5500 

Cedar 4«80 

Other  experiments  have  been  made  to  ascertain  the  strength 
ttf  cohesion  in  bodies,  when  placed  horisontnlly,  and  loaded 
with  weights  in  different  parts;  but  as  we  shall  have  occasion 
to  retom  to  this  subject  nader  the  article  Strength  of  Mate- 
riab,  we  shall,  in  this  place,  merely  slate  the  result  of  Muschen- 
broek's  experiments  on  a'few  of  the  most  common  woods.  Fur 
Ibis  porpose  he  fixed  pieces  of  wood,  by  one  end,  into  a  square 
hole  in  a  metal  plate,  and  huntc  weights  towards  the  other  end, 
till  they  broke  at  the  hole.  The  weights,  and  their  distances 
from  tlie  point  of  support,  are  shewn  in  the  following  table  : — 


WOODS. 

Pine 

Fir 

Beeeb, . . , 

Elm 

Oak 

Slder,.... 


.  91  . 


.  36) 


.   48 


In  the  above  table  the  rods  were  rectangular  parallelopipe- 
doas,  and  the  side  of  their  square  section  '26  of  an  inch. 

Conlomb  foand  the  lateral  cohesion  of  brick  and  stone 
fflity  A  more  than  the  direct  cohesion  ;  which,  for  stone,  whs 
Sl&lb.  for  a  square  inch;  for  good  brick,  from  280  to  300. 
Count  Rumford  found  the  cohesive  strength  of  a  cylinder  of 
iron,  an  inch  in  diameter,  63466,  or  631731b. ;  the  mean,  63320; 
which  is  only  ^  luore  than  Emerson's  result.  Sickingen 
makes  tbe  comparative  cohesive  strength  of  gold,  160956;  of 
silver,  190771  ;  ol  platina,  262361 ;  of  copper,  3046!>6;  of  soft 
iron,  362927 ;  of  hard  iron,  659880.  Guyton  makes  platina  a 
little  stronger. 

COILING,  is  a  sort  of  serpentine  winding  the  ropes,  by 

which  they  occnpy  a  small  space,  and  are  not  liable  to  be 

!  entangled  amongst  one  another  in  working  the  sails.    Each 

.  winding  of  this  sort  in  a  cable  is  called  a  fake,  and  one  range 

'  of  fakes  is  called  a  tier;  there  are  generally  from  live  to  seven 

fakes  in  a  tier,  and  threeor  fonr  tiers  in  a  cable's  length  :  the 

small  ropes  are   freqnently  coiled  by  hand,  and  bang  upon 

cleats  to  prevent  their  being  entangled  amongst  one  another, 

in  traversing,  contracting,  or  extending  the  sails. 

COININO,  the  art  of  making  money,  is  performed  either  by 
the  hammer,  or  the  mill  and  steam-engine.  By  either  of  these 
methods  the  pieces  of  metal  are  stamped  or  struck  with 
punches  or  dies,  on  which  are  engraven  the  sovereign,  effigies, 
anu,legend,lu;.  The  puncheon  consists  of  a  highly  tempered 
piece  of  steel,  npon  which  the  coin  is  sunk  in  relievo,  and 
again  upon  the  matrix,  which  is  another  piece  of  steel  some 
fonr  inches  long,  formed  tgnare  at  the  bottom,  and  rounded  at 
its  top.  Tbe  moulding  oi^  the  border  and  letters  is  added  on 
the  matrix  with  small  and  sharp  steel  pnocbeons,  and  when  it 
is  thas  tnisbed,  it  is  called  the  die.  In  coining  with  the  mill, 
the  bars  or  plates  of  gold  or  silver,  after  having  been  moulded, 
and  taken  out  of  tbe  mould,  are  scraped  and  brnshed,  and 
passed  several  times  through  the  mill  to  Batten  them,  and  bring 
them  to  (he  just  thickness  of  tbe  specie  to  be  coined.  Bat  the 
pin  tea  of  gold  are  heated  again,  and  quenched  in  water  before 
Hmg  pus  throDgb  tbe  mill,  which  renders  them  more  dnctile : 
%n»n  of  silver  pass  the  mill  just  as  tliey  aie,  witbont  %mj 


heating ;  and  when  afterwards  heated,  (hey  are  left  to  eooL 
Tbe  plates  thus  reduced  as  nearly  as  possible  to  their  thick* 
ness,  are  cut  into  round  pieces  the  sise  of  tbe  intended  specie. 
The  cutting  inslrument  has  its  npper  end  formed  into  a  screw; 
which  being  turned  by  an  iron  handle,  lets  the  steel,  wdl 
sharpened,  in  form  of  a  poncb-cutter,  fall  on  the  plates  ;  and 
thus  a  piece  is  punched  out.  These  pieces  are  now  adjusted, 
and  brought,  by  hling  or  rasping,  to  the  weight  of  the  regulated 
standard  ;  what  remains  of  the  plate  between  the  circles  ii 
melted  again.  The  pieces  are  adjusted  in  a  line  balance  ;  and 
those  too  light  are  separated  from  those  which  are  too  heavy; 
the  first  to  be  again  melted,  and  the  second  to  be  Gled  dowa. 
The  mill  through  which  the  plates  pass  can  never  be  so  jail 
but  there  will  be  some  inequality. 

The  pieces  are  called  blanks,  and  are  carried  to  the 
blanehinff  or  whitening' hotuct  where  the  gold  pieces  bav*  their 
colour  given  them,  and  the  silver  ones  are  whitened.  This  is 
done  by  heating  them  in  a  furnace,  and  when  taken  oat  and 
cooled,  boiling  them  successively  in  two  copper  vessels,  with 
water,  common  salt,  and  tartar,  and  after  that  scouring  thea 
well  with  sand,  and  washing  them  with  common  water,  drying 
them  over  a  wood  fire,  in  a  copper  sieve,  into  which  they  are 
put  when  taken  ont  of  the  boilers.  In  England,  the  standard 
for  gold  is  eleven  parts  of  pure  metal  and  one  of  alloy ;  for 
silver,  II  OS.  2dwts.  of  pure  silver,  and  I8dwts.  alloy,  making 
together  lib.  troy  weight. 

In  the  machinery  invented  for  coining,  by  the  late  Messrs. 
Boulton  and  Watt,  and  lately  introduced  into  the  Royal  Hint. 
London,  the  screw  presses  for  cutting  out  the  circular  pieces 
of  metal,  are  worked  with  great  facility,  and  both  tbe  edftes     . 
and  the  faces  of  the  money  are  coined  at  the  same  time,  with    i 
such  superior  excellence,  and  cheapness  of  workman^p,  as   « 
will  prevent  clandestine  iniitatinn.  except  in  a  very  limited  M 
degree  indeed.     By   means  of  this  machinery,  four  boys  caa.^ 
Strike  30,000  pieces  of  money  in  an  hour  :  the  roacbiiie  actiag3 
at  tbe  same  time  as  a  register  in  keeping  an  unerring  acconntA 
of  tbe  number  of  pieces  that  have  been  struck ! — Sre  Hint. 

COKE,  a  preparation  of  fossil  coal,  whereby  it  is  deptive4K 
of  the  naptha,  bitumen,  or  asphaltum,  it  may  contain,  so  that^ 
when  applied  to  certain  purposes,  it  may  not  commonicate  ^m 
bad  flavour  or  bad  qnalities.  Coke  is  made  in  very  largos 
ovens,  principally  from  tbe  refu.ie  of  brush'coal,  with  whiflrw 
some  pits  abound ;  the  coal  in  them  being  extremely  brittle — 
and  rarely  coming  away  in  large  pieces.  In  great  towns  iihli  hM 
are  lighted  with  gas.  coke  is  obtained  in  great  abundane^M 
from  the  gas-works,  being  left  in  the  retorts  after  the  gas  i^H 
driven  off  by  the  heat. 

COLD,  in  common  langnsge,  denotes  the  sensation  which  i^H 
felt,  or  the  effect  which  is  produced,  by  the  abstraction  of  heat  ^ 
that  is,  heat  and  cold  are  opposite  to  each  other,  and  th^ 
existence  or  increment  of  the  one,  is  eqnal  to  the  want  or  decie — 
ment  of  the  other;  so  that  the  same  degree  of  temperatu^ 
may  be  called  hot  or  cold,  according  as  it  is  comparMt  witt  MV 
colder  or  hotter  temperature.  Thus  the  climate  of  Great  Bri-' 
tain  is  a  cold  climate,  in  comparison  with  that  of  tbe  WesV 
India  islands  ;  and  a  hot  climate,  in  comparison  with  that  atf 
Siberia.  If  a  man  warms  one  of  his  bands  near  a  fire,  wlulaff 
he  cools  his  other  hand  by  means  of  ice  ;  and  if  afterwards  h^ 
plunges  both  his  hands  in  a  basin  of  water  of  Ihn  i  niuiiiiiW 
temperature  of  the  atmosphere,  that  water  will  feel  cold  to  th^ 
hand  that  has  been  heated,  and  hot  to  the  other  hand.  Froi^ 
this  it  appears,  that  cold  is  not  any  thing  real,  bnl  menlj  V- 
privation  of  heat ;  so  that  instead  of  saying,  that  a  body  M9 
been  cooled  to  a  certain  degree,  it  may  with  equal  (rath  mm0 
propriety  be  said,  that  the  body  has  been  deprived  of  heat  tv 
that  certain  degree.     See  Freezino. 

Notwithstanding  tbe  simplicity  of  this  theory,  and  tbe  eom- 
vTction  which  seems  to  accompany  it,  philosophers  have  often 
entertained  doubts  concerning  it ;  and  they  have  endeavcMrad 
to  inquire  into  the  real  state  of  the  matter,  by  devising  expert 
ments  capable  of  demonstrating  whether  tbe  cause  of  beat  wu 
any  thing  real,  and  that  of  oold  only  a  privation  or  '*'T"^iTtiffll 
of  the  former ;  or,  vite  verta,  whether  the  cause  of  cold  was  a^f 
thing  real,  and  that  of  beat  a  diminotioo  ;  or,  lastly,  whethec 
the  production  of  heat,  and  the  production  of  cold,  were  not 
owing  to  two  distinct  principles  or  elements.    Ou  ttie  mppoii. 
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Uon  that  the  eaoM  of  one  of  tkose  effects  ooly  ii  real,  it  is  mach 
more  natural  to  suppose,  that  the  cause  of  heat  is  the  real  prin- 
ciple or  element ;  since  its  effects,  ctr.  enlarfceroent  of  the  bulk 
of  bodies,  the  separation  of  tbeir  parts,  &c.  are  such  as  must 
be  produced  by  the  introduction  of  something  real;  and  the 
abstraction  of  this  principle  may  naturally  produce  the  effects 
of  cold,  sach  as  contraction  of  the  bulk  of  bodies,  agglutination, 
kc. ;  whereas  it  would  be  unnatural  to  suppose,  that  a  body 
ecmtrmcts  its  bulk,  as  its  parts  come  into  closer  contact,  because 
•ooietbing  else  has  been  introduced  amongst  them.  With 
respect  to  the  last  supposition,  viz,  whether  the  effects  of  heat 
and  those  of  cold  be  not  owing  to  two  distinct  principles,  a  few 
arguments,  and  the  cauivocal  result  of  a  few  experiments, 
have,  at  times,  been  adauced  in  support  of  it.  But  the  general 
nod  prevailing  opinion  among  the  philosophers  is,  that  a  single 
elenMnt,  called  caloric,  produces  heat,  or  the  effects  of  expand- 
ing bodies  scparatin;;  their  parts,  &c. ;  and  that  cold  is  only  a 
relative  expression ;  that  is,  meaning  only  the  decrciiiont  of 
hemi ;  so  that  real  or  absolute  cold  consists  only  in  the  total 
abstraction  of  caloric ;  and,  that  such  a  point,  viz.  the  sero  of 
heat,  may  be  determined,  has  been  shewn  by  the  experiments, 
the  discoveries,  and  the  calculations  of  Irvine,  Black,  Craw- 
ford, and  others ;  but  it  is  impossible,  in  this  place,  to  enter 
ioto  an  investigation  of  the  methods  made  use  of  in  deter- 
mining this  remarkable  point.    Sre  Ice. 

COLEOPTERA,  the  beetle  tribe  of  insects,  comprehending 
all  those  » ith  four  wings  the  external  pair  of  which  are  hard, 
rigid,  and  opaque,  forming  a  kind  of  covering  for  the  inner. 
There  are  66  genera  of  this  order. 

COLIC,  a  severe  pain  in  the  lower  venter,  so  called  because 
the  disorder  was  thought  formerly  to  be  in  the  colon.  There 
are  different  kinds,  as  the  wind>  culic,  the  bilious,  the  hysteric, 
the  nervous,  and  the  Devonshire  culic. 

COLLAR,  an  ornament  consisting  of  a  chain  of  gold,  with 
devices  and  ciphers,  worn  by  tlie  knights  of  the  different 
orders.  Coilmr  of  m  ship,  is  a  rope  fastened  about  the  beak- 
head,  ioto  which  the  dead-man's  eye  is  seised  that  holds  the 
■tin-stay ;  also  the  rope  wound  about  the  head  of  the  main- 
muu 

COLLATERAL,  those  relations  which  proceed  from  the 
•ame  stock,  hot  not  in  the  same  ascending  or  descending  line. 

COLLATION,  is  the  giving  or  bestowing  of  a  benefice  on  a 
clergyman  by  the  bishop,  who  is  the  patron  thereof. 

€X>LLIMATION,  Line  of,  on  a  telescope,  is  aline  passing 
throagh  the  intersection  of  those  wires  that  are  fixed  in  the 
iac«s,  and  the  centre  of  the  object-glass. 

COLLISION,  in  Mechanics  and  Physics,  Ls  the  meeting  and 
■Mtaal  striking  of  two  or  more  bodies,  one  of  which,  at  least, 
is  is  motion.  The  most  simple  of  the  problems  relating  to 
ooUisioD  was  that  of  a  body  proceeding  to  strike  against 
•Mother  at  rest,  or  moving  before  it  with  less  velocity,  or 
^pproaching  towards  it.  In  the  mutual  percussion  of  several 
■Qdies,  the  absolute  quantity  of  motion  of  the  centre  of  gravity 
>•  the  sanie  after  as  before  the  shock.  Farther,  when  the  bodies 
y^  elastic,  the  relative  velocity  is  the  same  after  as  before 
P^scassion.  All  this,  however,  is  upon  the  supposition,  that 
^•fcdies  are  either  perfectly  hard,  or  perfectly  elastic ;  but  as 
do  not  exist  in  nature  any  bodies  whieh  we  know  of, 
ither  the  one  or  the  other  of  these  kinds,  the  usual  theories  are 
little  or  BO  service  in  practical  mathematics. 
COLLY  RIUM,  a  topical  remedy  for  inflammations  of  the 
The  best  is  a  small  poition  of  brandy  and  spring  water. 
COIXINNADE,  in  Architecture,  a  peristyle  of  a  circular 
ive.  or  a  series  of  columns  disposed  in  a  circle,  and  insulated 
'^ithinside. 

COU)UR,  ia  Natural  Philosophy,  is  that  property  of  bodies 
^bich  affccU  the  sight  only ;  or  that  property  possessed  by 
^  elcMeutary  rays  of  light,  separated  by  any  means  whatever, 
^fcicitiug:  in  us  different  sensations  according  to  their  different 
*ifraagibUity.  Thus  colour  may  be  considered  in  two  respects, 
y  it  regards  bodies  in  general,  and  as  it  is  produced  by  solar 
l|hC    Sm  Orrics. 

Before  the  time  of  Newton,  the  ideas  of  maukind  coneemiug 
tilaur  were  very  vague  and  unsatisfactory.  The  Pythagoreans 
nlled  eolour  the  superficies  of  bodies :  Plato  said  that  it  was 
t  ta—  inuiur  ftoa  them :  Mwordiny  to  2mo^  k  waa  thu  iral 


configuration  of  matter :  and  Aristotle  said  it  was  that  which 
made  bodies  actually  transparent. 

Dr.  Ilooke  imagined,  that  colour  is  caused  by  the  seusatioo 
of  the  oblique  or  uneven  pulses  of  light ;  which  being  eapable 
of  no  more  than  two  varieties,  he  concluded  there  could  be  no 
more  than  two  primary  colours.  It  was  also  an  opinion,  that 
the  solar  light  was  simple  and  uniform,  without  any  difference 
or  variety  in  its  parts,  and  that  the  different  colours  of  objects 
were  made  by  refraction,  reflection,  or  shadows.  But  Newton 
taught  them  the  errors  of  their  former  opinions  ;  be  taught  then 
to  dissect  a  single  ray  or  light  with  the  minutest  precision,  and 
demonstrated  that  every  ray  was  itself  a  composition  of  several 
rays  all  of  different  colours,  each  of  whieh  when  separate  held 
to  its  own  nature,  simple  and  unchanged  by  every  experiment 
that  coiiM  be  tried  upon  it.  Or,  to  be  more  particular,  light 
is  not  all  similar  and  homogeneal,  but  compounded  of  hetero- 
geneal  and  dissimilar  rays,  some  of  which,  in  like  instances, 
being  more  refrangible,  and  others  less  refrangible,  and  those 
which  are  most  refrniiKible  are  also  most  reflexible ;  and 
according  as  tht  >  differ  in  refrauKibility  and  reflexibility,  they 
are  endowed  with  the  power  of  exciting  in  us  sensations  of 
different  colours. 

Newton's  theory  of  light  and  colours  is  striking  and  beautiful 
in  itself,  and  deduced  from  clear  and  decisive  experiments. 
1st.  That  lights  uhieh  differ  in  colour,  differ  also  in  dcfcrees  of 
refraniribility.  2d.  That  the  light  of  the  sun,  notwithstanding 
its  unifurro  appearance,  consists  of  ra>s  differently  refrangible. 
3d.  That  those  rays  which  are  more  refrangible  than  others, 
arc  also  more  reflexible.  4th.  That  as  the  ra\  s  of  light  differ 
in  dei;rees  of  refran^ibility  and  reflexibility,  so  they  also  differ 
in  their  disposition  to  exhibit  this  or  that  particular  colour ; 
and  that  colours  are  not  qualifications  of  light  derived  from 
refractions  or  reflections  of  natural  bodies,  as  was  generally 
believed,  but  original  and  connate  properties,  which  are 
different  in  diflerent  rays,  some  rays  being  disposed  to  exhibit 
a  red  colour  and  no  other,  and  some  a  green  and  no  other,  and 
so  of  the  rest  of  tlie  prismatic  colours.  6th.  That  the  light  of 
the  son  consists  of  violet- making,  indigo-making,  blue-making, 
green-making,  yellow-making,  orange-making,  and  red-making 
rays ;  and  all  of  these  are  different  in  their  degrees  of  refrnn* 
gibtlity  and  reflexibility;  for  the  ravs  which  produce  red 
colours  are  the  least  refrangible,  and  those  that  make  the  violet 
the  most ;  and  the  rest  arc  more  or  less  refrangible  as  they 
approach  either  of  these  extremes,  in  the  order  already  men- 
tioned ;  that  is,  orange  is  least  refrangible  next  to  red,  yellow 
next  to  orange,  and  so  on ;  so  that  to  the  same  degree  of  refran« 
gibility  there  ever  belongs  the  same  colour,  and  to  the  same 
colour  the  same  degree  of  refrangibility.  0th.  Every  homoge- 
neal ray,  considered  apart,  is  refracted  according  to  one 
and  the  same  rule,  so  that  its  sine  of  incidence  is  to  its  sine  of 
refraction  in  a  given  ratio ;  that  is,  every  different  coloured  ray 
has  a  different  ratio  belonging  to  it.  7th.  The  species  of  colour, 
and  degree  of  refrangibility  and  reflexibility,  proper  to  any 
particular  sort  of  rays,  is  not  mutable  by  reflection  or  refrac- 
tion from  natural  bodies,  nor  by  any  other  cause  that  has  been 
yet  observed.  When  any  one  kind  of  rays  has  been  separated 
from  those  of  other  kinds,  it  has  obstinately  retained  its  colours, 
notwithsUnding  all  endeavours  to  bring  about  a  change.  8th. 
Yet  seeming  transmutations  of  colours  may  be  made,  where 
there  is  any  mixture  of  divers  sorts  of  rays;  for,  in  such  mix- 
tures, the  component  colours  appear  not,  but,  by  their  mutually 
alloying  each  other,  constitute  an  mterroediate  colour.  (Hh.  There 
are  therefore  two  sorts  of  colour,  the  one  original  and  simple, 
the  other  compounded  of  these ;  and  all  the  colours  in  the  uni- 
verse are  either  the  colours  of  homogeneal,  simple  light,  or 
eomponnded  of  these  mixed  together  in  certain  proportions 
The  colours  of  simple  light  are,  as  we  observed  before,  violet, 
indigo,  blue,  green,  yellow,  orange,  and  red,  together  with  ao 
indefinite  variety  of  intermediate  gradations.  The  colours  of 
compounded  Nfbt  are  differently  eompoonded  of  these  simple 
rays,  mixed  In  various  proportions :  thus  a  mixture  of  yellow 
making  and  blucmaking  rays  exhibiu  a  green  colour,  and  a 
mixture  of  red  and  yellow  makes  an  orange ;  and  in  any  colour 
the  same  in  specie  with  the  primary  ones,  may  be  produced  by 
the  oompositioo  of  the  two  colours  next  a^iaeent  in  the  serfou 
of  eoloars  g  eaamted  by  the  pffim,  whereof  the  ooa  It  wa* 
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more  refrangible,  and  the  other  next  less  refrangible.  Bat 
this  is  not  the  case  with  those  which  are  situated  at  too  great  a 
distance ;  orange  and  indigo  do  not  produce  the  intermediate 

freen,  nor  scarlet  and  green  the  intermediate  yellow.  10th. 
he  most  surprising  and  wonderful  composition  of  light  is  that 
of  whiteness ;  there  is  no  one  sort  of  rays  which  can  alone 
exhibit  that  colour ;  it  is  ever  compounded,  and  to  its  composi- 
tion all  the  aforesaid  primary  colours  are  requisite.  11th.  As 
whiteness  is  produced  by  a  copious  reflection  of  rays  of  all 
sorts  of  colours,  when  there  is  a  due  proportion  in  the  mixture , 
so,  on  the  contrary,  blackness  is  produced  by  a  suffocation  and 
absorption  of  the  incident  light,  which  being  stopped  and  sup- 
pressed in  the  black  body,  is  not  reflected  outward,  but 
feflected  and  refracted  within  the  body  till  it  be  stifled  and 
lost. 

This  method  of  accounting  for  the  different  colours  of  bodies, 
from  their  reflecting  this  or  that  kind  of  rays  most  copiously,  is 
so  easy  and  natural,  that  his  system  quickly  overcame  all 
objections,  and  to  this  day  continues  to  be  almost  universally 
believed.  It  is  now  commonly  acknowledged,  that  the  light  of 
the  sun,  which  to  us  seems  perfectly  homogeneal  and  white,  is 
composed  of  no  fewer  than  seven  difi'crent  colours,  viz,  red, 
orange,  yellow,  green,  blue,  purple,  and  violet  or  indigo.  A 
body  which  appears  of  a  red  colour,  has  the  property  of 
reflecting  the  red  rays  more  powerfully  than  any  of  the  others ; 
and  so  of  the  orange,  yellow,  green,  &c.  A  body  which  is  of  a 
black  colour,  instead  of  reflecting,  absorbs  all,  or  the  greatest 
part  of  the  rays  that  fall  upon  it;  and,  on  the  contrary,  a  body 
which  appears  white,  reflects  the  greatest  part  of  the  rays 
indiscriminately,  without  separating  the  one  from  the  other. 

Colours  used  in  Drawing  and  Painting, — Red  Colours  are: 
Lakes.  This  term  denotes  those  colours  which  are  formed  by 
the  combination  of  alumine,  or  the  oxide  of  tin,  with  the  colour- 
ing matters  of  vegetables.  The  lakes  chiefly  used  are  red 
colours,  of  difi'crent  qualities,  according  to  the  basis  and 
colouring  matter  employed ;  and  are  known  by  the  names  of 
Carmine,  Florence-lake,  and  Madder-lake, 

Carmine,  a  very  rich  bright  crimson  colour,  stands  well  in 
water.  For  the  preparation  of  carmine,  take  four  ounces  of 
finely-pulverized  cochineal,  which  pour  into  four  quarts  of  rain 
or  distilled  water,  boiled  previously  in  a  pewter  kettle,  and  boil 
the  whole  for  six  minutes ;  add,  daring  the  boiling,  two  drachms 
of  pulverized  crystals  of  tartar.  Eight  scruples  of  Roman 
alum,  in  powder,  must  be  then  added,  and  the  whole  be  kept 
on  the  fire  one  minute  longer.  As  soon  as  the  gross  powder 
has  subsided,  and  the  decoction  become  clear,  decant  it  into 
large  cylindrical  glasses  covered  over,  and  kept  undisturbed 
till  a  fine  powder  is  observed  to  have  settled  at  the  bottom. 
Then  pour  off*  the  liquor  from  this  powder,  which  is  to  be 
gradually  dried.  From  the  liquor  still  coloured,  the  rest  of  the 
colouring  matter  may  be  separated  by  the  solution  of  tin,  when 
it  yields  a  carmine  little  inferior  to  the  former. 

Florentine-lake,  the  kind  in  general  use,  and  known  by  the 
name  of  lake,  is  used  in  water,  and  also  in  oil,  but  does  not 
stand ;  it  is  a  very  beautiful  colour  at  first,  and  there  is  no 
substitute  that  will  completely  answer  the  purposes  of  lake. 
The  best  sort  is  prepared  from  the  sediment  of  cochineal  that 
remains  in  tlie  kettle  after  making  carmine,  adding  a  small 
quantity  of  cochineal  or  brazil-wood,  and  precipitating  the 
colouring  matter  with  a  solution  of  tin. 

Madder-lake,  a  colour  lately  brought  into  use,  is  not  so 
bright  and  rich  a  colour  as  the  last-mentioned  lakes.  It  has 
this  valuable  advantage,  it  stands  much  better,  and  answers 
many  of  the  purposes  of  Florence-lake. 

Rose-lake,  generally  called  rose-pink,  is  made  by  a  basis 
of  chalk,  coloured  by  Brazil  or  Campeachy  wood.  It  does 
not  stand,  and  is  only  used  for  house-painting  and  paper- 
hanging. 

Vermilion,  it  a. bright  scarlet  pigment,  formed  from  sulphur 
and  quicksilver  ;  its  brightness,  and  inclining  to  a  crimson  hue, 
denotes  its  goodness.  It  is  a  very  useful  colour  in  oil,  and 
stands  well ;  but  as  a  water-colour  it  is  apt  to  turn  black. 

Red  lead  or  minium,  is  lead  calcined  till  it  acquires  a  red 
oolour,  by  exposing  it  with  a  large  surface  to  the  fire.  It  is 
also  made  from  litharge,  a  calx  or  oxide  of  lead ;  but  it  is  not 
•0  good  as  when  made  direcUj  from  metallic  lead.    This  coloar 


is  apt  to  become  black,  both  in  water  and  oil.    It  ia  therefore 
seldom  used,  but  for  very  coarse  purposes. 

Indian  red,  is  sometimes  used  instead  of  lake,  and  it  might 
be  useful,  had  it  not  the  property  of  appearing  stronger  after 
some  time.  Never  use  it  as  a  water  colour.  In  oil,  tlus  elTeet 
does  not  take  place. 

Venetian  red,  is  a  native  red  ochre,  rather  inclining  to  tie 
scarlet  than  the  crimson  hue  ;  it  differs  little  from  the  common 
Indian  red.    It  is  fouler,  and  chiefiy  used  by  house-painters. 

Spanish  brown,  an  earthy  substance,  found  in  the  same  state 
in  which  it  is  used ;  is  nearly  of  the  same  colour  as  Venetian- 
red,  but  coarser.  It  is  only  used  for  the  commonest  purposes, 
though  it  does  not  change. 

Light  red,  or  burnt  ochre,  is  common  yellow  ochre,  heated 
red-hot,  till  the  colour  changes  from  a  yellow  to  a  red.  It  is 
an  excellent  colour,  both  in  water  and  oil,  having  the  quality 
of  standing  well. 

Red  chalk,  the  same  substance  used  for  drawing  on  paper, 
in  the  manner  of  a  crayon,  is  very  much  like  light  red,  and  is 
used  instead  of  it,  for  some  purposes.  It  .stands  well,  and  is 
used  both  in  water  and  oil. 

Burnt  Terra  di  Sienna,  made  by  calcining  raw  terra  di 
Sienna  till  it  acquires  a  red  colour,  a  very  rich  tint,  and  much 
used  in  water  and  oil,  as  it  stands  well  in  both. 

Blue  Colours,  —Ultramarine,  is  prepared  from  lapis  lazuli,  by 
calcining  and  washing  it  very  clean.  When  genuine,  it  is  the 
brightest,  the  most  beautiful  of  all  colours,  and  stands  well.  It 
is  much  valued,  and  used  in  oil,  and  means  have  been  found  to 
levigate  it  sufficiently  for  water-colour  drawings. 

Ultramarine  ashes,  the  residuum  after  washing  the  lapij 
lazuli,  in  which  a  portion  of  the  ultramarine  still  remains,  U 
very  subject  to  be  adulterated,  and  not  so  bright  as  ultrama —  , 
rine,  being  like  that  colour  with  a  tint  of  red  and  white  in  it^^ 
yet  when  genuine  it  stands  well. 

Prussian  blue,  is  iron  combined  with  prussic  acid.      It  ir-~ 
made  in  the  following  manner : — Two  parts  of  purified  potas^li 
are  intimately  blended  with  three  parts  of  dried  and  finel — ^ 
pulverized  bullock's  blood.    The  mass  is  first  calcined  in  ^a^ 
covered  crucible,  on  a  moderate  fire,  till  no  more  smoke  im^M 
flame  appear;   after  this,  it  is  brought  to  a  complete,  y^^ 
moderate  ignition.    Or  equal  parts  of  potash  and  finely  poi^'- 
dered  coals,    prepared,  from  bones,    horns,  claws,  &c.  ar*^ 
mingled,  and  heated  in  a  covered  crucible  to  a  modera^^^ 
redness.    Either  of  these  two  calcined  masses  is,  after  cooling 
lixiviated  with  boiling  water,  and  the  lixivium  filtered.  Notliii»^ 
remains  now  but  to  make  a  solution  of  one  part  of  green  ▼itric>l 
and  two  parts  of  alum ;  and  to  add  to  it,  while  yet  hot,  tl»« 
above  lixivium,  little  by  little  however,  and  to  separate  ~ 
greenish-blue  precipitate,  which  then  forms,  by  means  of 
filtre.    If  afterwards  a  slight  quantity  of  diluted  muriatic  aei.^ 
be  affused  upon  this  precipitate,  it  assumes  a  beautiful 
blue  colour.     The   operation  is  terminated  by  edulcoratiiBii^ 
and  drying  the  pigment  thus  prepared.    Prussian  blue  is  wt."^ 
extremely  beautiful  colour  when  properly  prepared,  and  stand' 
tolerably  well.    Common  Prussian  blue  is  apt  to  contain  sona* 
iron,  which  causes  it  to  turn  greenish  or  olive. 

Verditcr,    a  blue  pigment,  obtained  by   adding  chalk  f 
whitening  to  the  solution  of  copper  in  aquafortis,  is  prepare^ 
by  the  refiners,  who  employ  for  this  purpose  the  solution  el 
copper,  which  they  obtain  in  the  process  of  parting,  by  preci- 
pitating silver  from  aquafortis  by  plates  of  copper.     Commoi 
verditer  is  made  in  Sheffield  and  Birmingham,  from  the  sulphate 
of  copper.    Verditer  is  only  used  for  coarse  'purposes,  and 
chiefly  by  paper-stainers.      It  has    been    sometimea    eaOed 
Sanders  blue,  from  the  term  cendres-blues,  or  blue  ashes. 

Indigo,  extracted  from  a  plant  called  the  anil,  that  groin  in 
the  East  and  West  Indies,  is  not  so  bright  as  Prussian  blue, 
but  it  has  the  advantage  of  being  more  durable.  It  is  the  bhie 
generally  used  in  drawings.  It  cannot  be  dissolved  hv  water, 
but  may  by  the  sulphuric  acid ;  it  then  forms  S^atrt  kqmd 
blue,  used  for  colouring  silk  stockings,  &c. 

Smalt  is  a  glass  covered  with  cobalt,  and  ground  to  a  tae 
powder.  Its  coarseness  prevents  its  being  used  much  foe 
painting  in  oil  or  water.  It  is  employed  sometimes  by  strew- 
ing it  upon  a  ground  of  oil  paint.  It  is  also  used  in  enamal 
painting  and  &e  colouring  oi  porcelain,  as  it  stands  welL 
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Biee,  is  ta»It  aiore  Inely  levigated. 

YM^w  C9kmr$^lndimB  yellow,  the  brightest  of  all  yellows 
Un  water-colours,  is  not  durable.  It  is  said  to  be  procured 
from  the  urine  of  the  buffalo.  In  India,  it  is  a  common  and 
cheap  colour;  the  natives  using  it  for  colouring  their  calicoes, 
which  the)  do  without  any  mordant,  so  tliat  the  colour  is  washed 
oat  again  when  the  cloth  is  dirty. 

King's  yellow,  is  orpiment  refined,  a  substance  dug  out  of 
the  earth,  and  consisting  of  sulphur  joined  to  arsenic ;  it  may 
also  be  prepared  by  subliming  sulphur  uith  arsenic.  It  is  of  a 
bright  yellow,  but  docs  not  stand  well ;  it  is  a  strong  poison, 
and  great  caution  must  be  used  in  employing  it. 

Naples  yellow,  a  very  durable  and  l>right  yellow,  comes 
from  Naples.     It  is  prepared  from  lead  and  antimony. 

Yellow  ochre,  an  earth  naturally  coloured  by  oxide  of  iron, 
is  a  cheap  colour,  and  not  very  bright,  but  valuable,  because 
it  stands  well.  Roman  ochre  is  a  superior  }cllow  ochre,  of  a 
rich  tint. 

Dutch  pink,  formed  of  chalk,  coloured  with  the  juice  of 
Treoch  berries,  or  other  vegetables  affording  a  yellow  colour, 
^oes  not  stand,  and  is  chiefly  used  for  common  purposes. 

Gamboge,  a  gum  brought  from  the  East  Indies,  dissolves 
Yetdily  in  water,  and  is  a  Gne  serviceable  yellow.  It  is  used 
<^nly  in  water. 

Masticot,  an  oxide  of  lead,  prepared  from  calcining  white 
lead,  is  very  little  used,  the  colour  not  being  bright. 

Gall  stones.  This  is  a  hard  substance,  formed  in  the  gall- 
b/adders  of  oxen ;  or  it  may  be  obtained  from  the  gall  of  other 
•aimals.     It  is  a  rich  colour,  but  does  not  stand. 

Raw  Terra  di  Sienna,  a  native  ochreous  earth,  brought  from 
Italy,  is  a  fine  warm  colour,  and  stands  well. 

French  berries.  A  liquor  may  be  extracted  from  these, 
aft«>ful  as  a  stain  for  coarse  purposes ;  but  it  docs  not  keep  its 
colour. 

Turmeric  root  and  saffron,  may  be  used  for  similar  purposes. 
Orange-lake,  is  the  tinging  parts  of  arnatto,  precipitated 
together  with  the  earth  of  alum.    It  does  not  stand, 

iirown  pink,  is  the  tinging  part  of  a  vegetable  substance 
precipitated  upon  the  eajth  of  alum.  It  is  a  rich  greenish 
)  ellow,  but  does  not  stand. 

CrVrm  CiUomrt. — There  are  few  colours  so  useful  as  green ; 
and  it  is,  therefore,  the  practice  with  artists  to  form  their  greens 
b>  the  mixture  of  blue  and  yellow,  and  by  varying  these,  a  vast 
«  miiety  of  green  tints  are  obtained. 

Sap  green,  is  the  concreted  juice  of  the  buckthorn  berries. 
It  is  nsed  only  in  water,  and  is  employed  chiefly  in  flower- 
painting,  colouring  prints,  &c. 

Verdigris,  is  an  imperfect  oxide  of  copper,  combined  with 
a  small  portion  of  acetite,  carbonic  acid,  and  water.  It  is 
prepared  in  large  quantities,  chiefly  in  France,  near  Montpel- 
wv,  by  stratifying  copperplates  with  the  husks  of  grapes,  yet 
ttader  various  fermentation,  which  soon  grow  acid,  and  corrode 
tW  copper.  After  the  plates  have  stood  in  that  situation  for  a 
•«Scient  time,  they  are  moistened  with  water,  and  exposed  in 
Waps  to  the  air.  The  verdigris  is  scraped  off  from  their  sur- 
face as  it  forms.  Verdigris  is  of  a  bluish-green  colour,  it  has 
[io  body,  does  not  stand,  and  is  only  used  for  coarse  purposes ; 
it  answers  best  in  varnishes. 

tMstiUed  verdigris,  sometimes  called  crystilis  verdixris,  is 
prepared  from  common  verdigris,  by  dissolving  it  in  vinegar, 
■til  of  a  very  bright  green,  and  is  used  chiefly  for  varnishes, 
tad  in  coloaring  maps,  &c. 

Bmra  Celsim. — Bistre,  is  the  finer  part  extracted  from  the 
Hat  of  bnmt  wood.  It  is  used  alone  for  sketches  in  water- 
Hlom,  being  a  transparent  water  colour. 

Roman  bistre,  is  a  very  excellent  but  scarce  kind  of  bistre, 
imported  from  Rome. 

Cologne  earth,  a  mineral  substance  of  a  dark  blackish  brown 
^ilonr.  if  a  very  useful  pigment :  what  is  generally  sold  in  the 
4op8  for  Cologne  earth  is  an  artificial  mixture. 

Raw  nmbre,  a  native  ochreous  earth,  of  a  light  brown, 
HsmIs  well. 

Bnmt  nnbre,  is  oaly  the  last  mentioned  coloor  oalcined  in 
lie  Ire.    It  then  acquires  a  rich  deep  brown;  and  Is  of  great 
iw.  being  a  Ine  colour,  that  stands  well. 
As pbaltnn,  osed  in  oil,  is  of  a  very  rich  deep  brown.    It  is 
20. 


a  transparent  or  glaring  colonr  that  will  not  vork  In  water, 
but  when  dissolved  in  turpentine,  it  beocNnet  an  naefel  anb* 
stance  for  giving  deep*  and  spirited  touches  to  drawings.  Hie 
linens  in  which  the  Egyptians  wrapped  their  mummies  were 
dipped  in  asphaltum. 

WAiie  Coiourt, — Flake  white,  is  an  oxide  of  lead,  formed  by 
corroding  lead  with  vegetable  acids,  or  vinegar. 

White  lead  is  the  same  as  flake  white,  but  of  an  inferior 

Jjuality.     It  is  the  only  white  used  in  oil-painting,  and  is  there- 
ore  a  very  useful  colour ;  in  water  it  always  turns  black. 

Egg-shell  white,  and  oyster-shell  ahite,  are  only  egg-ahellt 
or  oyster-shells  calcined  ;  the  animal  gluten  is  thus  destroyed, 
leaving  the  lime  behind,  vihich  soon  attracts  the  carlKinic  acid 
again  from  the  atmosphere.  Well-washed  Spanish  white,  or 
common  whitening,  answers  the  same  purpose. 

Permanent  white,  is  a  white  sold  in  the  shops  under  this 
name,  and  it  will  not  change :  but  great  care  must  be  employed 
in  using  it,  as  it  is  made  from  bar>tes,  a  deadly  poison. 

Black  Co/oMrx.— Lamp  black,  the  soot  of  oil,  collected  after 
it  is  formed  by  burning,  is  very  generally  used,  both  in  oil  and 
water,  and  stands  perfectly  well.  Ivory  black,  the  charcoal  of 
ivory  or  bone,  formed  by  giving  them  a  great  heat,  while  they 
are  deprived  of  all  access  of  air:  it  is  used  lM)th  in  oil  and 
water.  Hlue  black,  the  coal  from  burning  vine-stalks  in  a 
close  vessel,  is  like  ivory  black,  with  a  tint  of  blue. 

iHdUin  Ink, — The  Indian  ink  is  used  in  (^hitin  for  writing 
with  a  brush,  and  for  painting  upon  the  soft  Chinese  paper. 
It  has  been  ascertained,  both  from  experiment  and  information, 
that  the  cakes  of  this  ink  are  composed  of  lamp  black  and 
sise,  with  the  addition  of  some  perfuming  substances,  not 
essential  to  it  as  an  ink.  The  fine  soot  obtained  by  holding  a 
plate  over  the  flame  of  a  candle  or  lamp,  and  mixed  up  with 
clean  sice,  makes  an  ink  in  every  respect  equal  to  the  Chinese. 

Colouring  Prints, — Persons  who  wish  to  colour  prints  should 
wash  them  first  with  alum  water,  which  will  prevent  the  colour 
from  sinking,  besides  giving  a  lustre  and  brightness  to  them. 
For  this  purpose,  boil  four  ounces  of  alum  in  a  quart  of  clear 
water,  till  the  alum  is  dissolved. 

Colour,  in  Physics,  a  property  inherent  in  light,  by  which 
it  exciter  different  vibrations  in  the  optic  nerve,  and  which 
being  sent  to  the  sensorium,  affect  the  mind  with  different 
sensations. 

COLOURING,  in  Painting,  the  art  of  disposing  the  tints  so 
as  to  produce  either  an  imitation  of  the  natural  colours  of  the 
objects  represented,  or  of  force  and  brightness  of  efleet.* 

COLUBER,  a  genus  of  serpents,  of  which  there  arc  ninety- 
seven  species. 

COLUMBA,  the  Pigeon,  a  genus  belonging  to  the  order  ol 
passeres,  of  which  there  are  about  seventy  species,  natives  of 
different  countries. 

COLUMBA  NOACHI,  Noah's  Dore,  is  one  of  the  new  con* 
stellations,  situated  still  more  to  the  south,  directly  below 
Lepus;  and  it  lies  on  the  west  of  Argo  Navis  and  Canis  Major, 
whence  its  place  in  the  heavens  may  be  easily  found.  There 
are  twenty-six  stars  in  this  astcrism ;  one  of  these  is  of  the  Sd 
magnitude,  one  of  the  .Id,  two  of  the  4th,  &c. 

COLUMN,  in  Architecture,  a  round  pillar,  made  to  support 
and  adorn  a  building,  and  composed  of  a  base,  shaft,  and 
capital. 

Column,  in  the  Military  Art,  a  long  and  deep  file  of  troops  or 
baggage. 

(U) LURES,  in  Astronomy,  are  two  great  circles  passing 
through  the  poles  of  the  world  ;  one  of  them  passes  through 
the  equinoctial  points,  Aries  and  Libra;  the  other  through  the 
solstitial  points.  Cancer  and  Capricorn  ;  hence  they  are  called 
the  equinoctial  and  solstitial  colures.  They  divide  the  ediptie 
into  four  equal  parts,  and  mark  the  four  seasons  of  the  year. 

COLYMBUS,  the  Diver,  in  Ornithology,  a  genus  of  aoseres, 
of  which  there  are  several  species. 

COMA,  a  preternatural  propensity  to  sleep,  which  however 
the  patient  cannot  enjoy,  but  wakes  again  immediately. 

COMA  BERENICES,  Berenices  llmir.  Berenice  was  the 
wife  of  Eucrgetes,  a  king  of  Egypt ;  and  when  he  went  upon  a 
dangerous  expedition,  she  vowed  to  consecrate  her  fine  head 
of  hair  to  Venus,  if  he  returned  in  safety.  Some  time  after  the 
retam  of  Eucrgetes,  the  locks,  whicli  «ere  hnng  «p  in  the 
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pMblicly  reported  that  Japiter  had  made  then  a  conttellaiioa. 
The  cluster  of  stars  compoiinic  Coma  Berenices,  is  Tcr; 
remarkable,  there  boiog  ao  man;  of  the  4th  and  6tb  magnitades. 
The  boundaries  and  contents  of  this  asteriim  are :  north  bj 
Canei  Venalici,  east  by  Bootes,  south  by  Leo  and  Virgo,  and 
west  by  Leo  and  Ursa  Major.  This  constellation  contaiDs  48 
■tars,  ten  beint;  represented  of  the  4th  magnitude,  and  the 
Temainder  of  less  magaftudes. 

COMB,  an  instmment  for  disentangling  flax,  wool,  hair,  tui. 
Comhs  are  made  of  the  horns  of  bullocks,  of  elephant's  teeth, 
tortoise  shell,  and  box  or  holly  wood.  Bullocks'  horns  are 
prepared  by  sawing  off  tbe  tips,  then  holding  the  horns  in  the 
flame  of  a  wood  fire  till  they  become  sofL  In  this  state  tbey 
are  slit  open  on  one  side,  and  pressed  in  a  machine;  then 
pinnged  into  water,  from  whence  they  come  out  hard  and  Bat, 
Tbey  are  nest  sawn  into  proper  lengths,  and  tu  cnl  the  teeth, 
each  pieoe  is  filed  in  a  tool  called  a  clam.  The  teeth  are  cut 
with  a  Gne  saw,  or  rather  a  pair  of  saws,  and  tliey  are  finished 
with  a  file.  The  process  for  makiDg  ivory  combs  is  nearly  the 
aamo  as  the  above.  A  method  has  beeen  recentiy  invented  for 
cutting  combs  by  machinery. 

COMBINATION,  in  Chemistry,  the  anion  of  bodies  of 
different  natures,  thereby  producing  a  new  compoand  body. 

COMBINATIONS,  in  Mathematics,  denote  tbe  difierent 
colIeotiooB  that  may  be  formed  out  of  any  given  number  of 
tilings,  taking  a  certain  nnmher  at  a  time,  without  regard  to 
Uie  Older  in  which  they  may  be  arranged  :  and  are  thus  dis- 
(ingnished  from  ptrTinUalumt,  or  ekangei,  which  have  reference 
to  the  Older  in  wbicb  the  several  qnantities  may  he  disposed. 

1.  Wkat  only  two  are  confined.— One  thing  edmits  of  no 
Wmbination.  Two,  a  and  fr,  admit  of  only  one,  vix.  ab.  Three, 
C,  1,  c,  admit  of  three,  ab.  ar,  be.  Four,  of  six,  eti.  ab,  ac,  md, 
ie,  bd,  ed.     Five,  of  ten.  viz.  ab.  ae,  ad.  at.  bt,  bd,  be,  cd,  ee,  de. 

Wbenoe  the  numbers  of  combinalionn  of  two  and  two  only, 
proceed  according  to  the  triangular  numbers,  1.  3,  6,  10,  IS, 
SI.  Im.  which  are  produced  by  the  continual  addition 'of  tbe 
original  series,  0, 1,  2,  3,  4.  &,  Ice.  And  if  nbe  the  omnber  vf 
things,  tbe  (brmula  for  expressing  the  sum  of  all  (heir  oomhloa- 
tioni  by  two's,  will  be  ii.  a  —  I. 


1  . 

'nitu,  if «  =  3 ;  this  becomes  - 


2.1 


-  =  8. 


Un 


=  e,  &o. 


2.  WitH  three 


eomhitted  together,  three  Ihii^s  admit 
oi  one  oroer,  a,  o,  e.  Four  admit  of  four,  tti'r.  abc,  abd,  acd, 
bed.  Five  >dwt  of  ten  ;  abe,  abd,  abe,  acd,  aet,  ad»,  bed,  het, 
hdt.  edt.  And  so  on  according  to  the  first  pyramidal  numbers, 
1,  4,  10,  20,  Sto.  which  are  formed  by  the  continual  addition  of 
tbe  former,  or  the  tHangalar  nnmhers,  1, 3,  8,  10,  &c.  And  the 
general  fominta  for  iny  number  n  of  combiaations,  taken  by 
St(M!%U  l..n-l.a.-2 


Ptoceediag  thui,  it  is  found  that  a  general  formtila  tor  any 
kamber  n  of  things,  combined  by  m  at  each  lime,  is  i  = 

w  ■  w  —  I  .w  —  a . ».  —  .y.  &c. 

1,2.  3J  J^  continued  to   m   factors   oi 

terms,  or  till  tbe  last  foctor  in  tbe  denominator  be  m.    So  in 
>ix  things  combined  by  four's,  the  number  of  combinations  is, 


(.  By  adding  ttiesetbgether,  the  sum  will  be  the  whole  nnm- 
hw  tf  powlUo  otHoUnatloni  of  n  things,  combined  by  two'i, 


three's,  four's,  &c.  Anda)ttbeserietiare  (be  oo^effldenta  of  the 
power  n  of  ■  binomial,  wentiog  only  the  first  two,  1  and  a. 
therefore  tbe  sum  will  be  1  X  ll*—  «  —  1,  or,  2"—  a  —  1.  K 
the  niimber  of  things  be  five,  then  V— \'=Xl— Q  —  QG. 

4.  To  find  the  nttynbtr  of  rhangei  and  alleratiime  whieh  a  lum- 
ber of  quantitifi  can  nnderffe,  when  combined  in  all  pointb 
varietiex  of  v>ayi  irith  theaueltei  and  taek  other,  both  at  to  tk 
thingi  theimelBee,  and  their  order  and  patilion. 

One  thing  admits  of  one  order  or  position.    Two  may  bt 

varied  fuur  ways,  as  aa.  ab,  ba,  bb.     Three  quantities  taken  hj 

'  ro's,  may  be  varied  nine  ways,  as  an,  ab,  ac,  ba,  nt,  bb,  b«,  tl. 

In  like  manner  fonr  things  taken  by  two's,  may  be  varied 

,  or  16  *ays  ;  and  five  things,  by  two's,  S*.  or  25  ways. 

Thus  also  when  taken  by  three's  the  changes  will  be  >■, 
and  when  taken  by  four's  Ihey  will  be  n*.  and  so  geoerally 
when  taken  by  a's  they  will  bo  n',  wherefore,  adding  all  those 
together,  the  whole  number  of  chances  or  combinations  in  «, 
things  taken  by  two's,  hy  three's,  by  four's,  &c.  to  n'a  will  be 
lum  of  tbe  geometrical  series,  n  +  1'  -1-  a*  +  «*... ,  a". 


For  example,  If  the  namber  of 


things  n  be  foar,  this  gives  — 


-  X  4  = 


■  1 


-  X  4  = 


340. 


COMBUSTIBLE.  A  body  which,  in  ita  rapid  nition  with 
others,  causes  a  disengagement  of  heat  andlight.  To  deter- 
mine Ais  rapidityof  combination,  a  certain  elevation  of  tempe- 
rature is  necessary,  which  diA'crs  for  every  different  combus-  . 
tible.  Combustibles  have  been  arranfced  into  simple  and  ^ 
iponnd.  The  former  consists  of  hydro^ea.  carbon,  boroe,  ^ 
solpnur-phoephoros,  and  nitrogen ;  besides  all  tbe  metals.^ 
The  latter  class  comprehends  the  hydrurets,  carburets,  snlphi^^ 
rets,  phosphurets,  metallic  alloys,  and  organic  products. 

COMBUSTION  was  defined  under  the  word  Chemistry,  to^ 
be  the  act  of  a  body  boraiDg  in  a  gas  capable  of  supportio^i 
flame.  We  will  here  treat  of  these  supporters  of  combostioo  : 
and  first,  they  have  the  property  of  shining  in  the  dark  _; 
Various  kinds  of  animal  and  vegetable  substances  seem  t^B 
have  a  great  deal  of  this  kind  of  phospborns  ;  the  glow-worm^ 
is  a  remarkable  instance.  Dead  fish,  rotten  sea-weed,  ani^ 
numbers  of  insects,  have  this  property  in  a  great  degre<^a 
Instmments  for  measuring  the  degree  or  iolensity  of  light,  bt-^ 
called  photometers. 

Effect!  of  Light  upon  the  Photometer, 
Light  of  the  snn  at  an  elevation  of  30°,  sky  perfectly  clear,  7^K 

Idem,  sky  white 73^ 

Light  of  the  blue  sky  at  an  elevation  of  45°, 5^V 

Zenith, MJ 

A  cloudy  sky bST 

A  full  moon »f" 

Moon  five  days  old SO* 

Light  from  snow  enlightened  by  tbe  sun, S7* 

from  snow  in  the  shade, > 4^ 

Starry  sky,  March  14,  1 B17,  . : ?* 

Sky  clear  of  stars',  March  14.  1817 T"* 

Planet  Venus  at  an  elevation  of  30°.  April  5,  1817 P 

Simplo  Supportert  nf  ComiaffioH.— Oxygen.  For  tbe  parpMt 
of  obtaining  ot]i- 
gen  or  any  otter 
gas,  tbe  anneitd 
apparatus  win 
prove  the  Boit 
elegant  and  geae- 
rally  useful.  D  u 
a  stand  with  rings, 
supporting  arelert 
C,  and  an  Arf^and's 
lamp  E  ;  the  Utlet 
is  connected  with 
the  stand  by  a 
screw  ( see  F);  A  is 
apneanatic  trosgh 
made  of  tin,  and 
containing  water, 
thrOi^b  which  the  gaa  proceeding  frotn  tbe  retort,  aseeada  inte 
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the  flans  jar  U,  placed  opon  a  woMlen  shrlf;— aa  thr  jcas 
a*rro<l!i  into  ihv  jar,  the  walcr  li  displaced.  O  is  %  atronic  lub« 
of  eUi<<,  inwhirhica*^*  are  detonated  orioflaroed by  rlertricitj. 
Fur  common  purpoMi,  apd  Jrhcre  heat  b  bot  required,  a 
mat  r  AM     with     a  _ 

brni  rIaM  tube  flt- 
U>d  10  it,  Is  axed, 
ai  rpprricnied  in 

the  Atrtheat  flKore.  .^^  

TbU  may  be  done         ■[  ^^     J 

#ith    a     common        "*  JL^j 

K'  tal  and  hand- 
sin, acrordinft  to 
Ifcr  nearctt  fifrure. 
A  is  the  matrass ; 
P  the  bent  tube  ;  C  the  phEnI :  and  D  the  basin. 

OiygcD,  is  a  substance  tnown  only  in  comhinalion  with  other 
bodies,  and  has  nncr  been  obtainrd  alone.  It  is  alisorlied  hy 
comhaslible  bodies,  and  cnnvcrli  ttiem  into  acids.  Oiiirrn  is 
necessary  fur  combusiion.iinilinf;itseiralwnys  to  bodiet  whtrb 
iMni.  anfmrnlint  their  wri);!!!,  and  rhanjcinir  their  pmprrtii-s. 
St  i«  necessary  Tor  the  mpiralbn  or  animals.  It  is  a  finili. 
4nent  part  or  atmiis|iherii:  air,  of  water,  of  arids,  ami  of  a[i 
feodiea  of  the  animal  and  leKClablc  kinjcdoms.  Cnnitiined  with 
SiKhtandeaIoric.it  constitutes  OX) Ken  fcas.  Wlirn  a  body  has 
MiBly  a  amall  quantity  uf  oxygen  nDltcd  to  it.  not  sufticirnt  to 
«uke  it  an  arid,  it  is  called  an  oxide.  Thns,  most  of  the 
petals  can  only  be  redaced  to  the  stnte  of  oxides  by  the  nddi- 
awB  of  oxvf;en.  This  was  formerly  called  calcination,  and  the 
^■Ral  added  to  osyxen  was  railed  a  calx.  Thus,  the  caU  of 
^■ereary,  of  tin.  Lc.  When  the  base  has  only  just  n  suffii'ient 
^■SDlity  of  oxyiceD  to  exhibit  the  properties  of  an  arid,  the 
Veimination  oai  is  osed,  such  aa  the  sulphnreoas  acid,  the 
gibofpboraus  acid,  tec.  i  but  when  it  has  a  fcreater  portion  of 
^yjen,  the  tennination  cnda  in  ic,  as  sulphuric,  pliosphoric, 
mH  nitric  acid. 

Chlorine,  is  assimilated  to  oxygen  as  an  elemenlarj  lub- 
■taaee.  la  the  fcsseous  stale  it  is  of  a  yellonish  green  eolour, 
Hd  it  i*  this  properly  which  sufiKested  its  name.  Its  odour  is 
cifeaaely  disaRreeable.  Chlorine  is  not  capable  of  bclnjc 
npired;  and  even  when  mixed  in  Tery  small  (|uantitje8  with 
CMMon  air,  it  renders  it  extremely  pernieions  to  the  lungs.  It 
huKTcr  been  found  pure  in  nature;  but  exists  in  many  com- 
psiads.  particalarty  in  table  or  sea  salt. 

Isdine,  is  obtaioed  from  sea-weeds,  such  as  bnrilln  nnd  kelp: 
Atdlnrine  and  oxvfEen,  when  in  tLe  state  of  vapour.  It  sup- 
fKts  combustion,  lis  vapour  is  ofa  tiolet  hue  :  it  \a  obtained 
■  knwo  shininK  scnies. 

Flioriae,  is  the  supposed  base  of  ftaoric  acid  obtained  from 
lisr-tpar ;  but  it  has  ucver  yet  been  obtained  in  a  separate 
Hue. 

Ct^uitiUe  a»4  SoH-^mliuliUeSiihtlaiifft.—CnThan.  Modrm 
dlHiils  nmnitrr  tJtr  diMmotid  ai  purr  rrtfttallint  rarbon.  The 
<h»uaJ  is  one  of  the  hardest  bodies  known  ;  for  it  resists  ilip 
Mit  highly  tempered  steel  file,  and  can  be  ground  or  polished 
■ly  by  diamond  powder.  It  takes  an  exquisite  and  lasting 
flGih.  It  has  a  great  refractive  power  ;  and  hence  its  Insirc, 
*Wa  eat  into  the  form  of  a  regular  solid,  in  uncommonly  grrat, 
1W  diamond,  like  other  combustible  bodies,  burns  by  a 
ibsig  beat,  with  a  sensible  flame,  ntiracling  oxygen,  and 
ttnwag  wholly  courertcd  into  carbonic  acid  gas  during  that 
ineess.  It  corobines  with  iron  by  fusion,  and  like  coromon 
thiiuil.  converts  it  into  steel.  Common  charcoal,  the  base  of 
■teal  and  vegetable  matters,  ii  widely  dilTuscd  throughout 
■stirc.  Ilia  a  compound  of  carbon  with  earths,  alkalies,  salts. 
kanitedtoa  portion  of  oxygen;  it  is  properly  nn  oxide  of 
Mbaa.  It  i*  black,  sonoroas.  nnd  lirillle;  nnd  is  oblaineil 
ha  Hany  sabstanees,  but  cbieHy  fmm  wood.  When  pure,  it 
Krists  the  greatest  heat  in  close  vessels.  Wiib  nitrutr-  (if 
Muh,  it  detonates  in  a  hot  crucible.  IcatiiiK  a  fixed  alkali 
Vrtind.  It  doe*  not  mis  with  the  mrtals.  but  restores  their 
Bile*  In  «  oMiallic  state. 

Salphar  or  brimstone.  Is  a  simple  eombnslibic  stihslanre. 
«Wcfcn«taTe  frequently  presents  in  a  pure  stale.  It  is  fo«nd 
lath*  earth  in  a  loose  powder,  or  in  a  solid  state ;  and  either 
taMbi4  «t  in  veiu.    It  b  foand  also  In  the  neighboiiriKKNl  of 


TAleanoes.  and  Is  deposited  as  a  enit  on  stone*  contignou*  to 
them.  It  Is  freqaenlly  met  with  in  mineral  water*,  someiimFi 
also  in  coal  mines,  and  it  is  found  in  combination  with  most  of 
the  metal*:  when  united  to  iron,  it  form*  nartia/pynVrr.  or 
sulphuret  of  iron.  In  order  to  form  il  Into  rolls,  ii  rs  melted 
and  poured  into  wooden  moulds  :  it  1*  then  called  roll  snlphur. 
Flowers  of  sntphur  are  formed  by  subliming  puriDed  sulphur 
with  a  gentle  beat  in  close  chambers.  Sulphnr  is  a  nun-eon- 
dnrtof  of  electricity,  and  hence  il  become*  electric  by  rriciion— 
it  unites  to  most  uf  the  metals  ;  rendering  tbcm  brittle  and 
fUHJble. 

Phnspboras,  is  commonly  found  nniled  toosygen.  in  the  stale 
of  phosphoric  aeid,  which  is  found  plenlifully  in  dilTerent 
animal,  vegetable,  and  mineral  sabstanees.  Ii  is  a  yellowish 
semitransparent  subiianre.  of  the  consistence  of  wax.  Il  is  , 
luminous  In  the  dark,  at  the  common  leitiperalare  of  the 
atmosphere,  Il  lakes  tire  spontaneously,  and  burns  rapidly  in 
the  open  air,  (at  Vff  of  Fahrenheit,)  with  a  brilliant  white 
flame,  and  is  converted  into  phosphoric  acid.  The  eitmbuglU 
bility  and  Inminous  property  of  phosp boms  have  giien  birth  to 
various  experiments,  and  the  following  will  evince  its  rharae- 
teristic  prnprrtifs  in  a  pleasing  manner.  That  pbospbnms 
burns  at  the  u.iusl  temperature,  appears  by  writing  with  it 
upon  black  or  purple  paper,  or  any  other  smooth  surlaee. 
The  writing  will  be  luminoos  In  the  dark,  as  if  on  fire.  The 
fiery  appearance  vanishes  by  blowing  upon  it.  but  becomes 
visible  again  arier  a  few  seconds.  The  combination  of  any 
substance  wiih  sulphur,  pbosphoru*,  or  charcoal  a'tVADut  uj-y- 
^raafioN,  bas  the  termination  of  ils  name  in  ef ;  thus  svlphiir 
and  iron  form  snlpburel  of  iron,  phosphorus  and  lime  fuTm 
phosphnret  of  linir. 

Hydrogen.  A*  hydrogen  gas  is  produced  by  a  different 
process  from  other  gases,  we  insert  the  annexed  cut.  C  is  a 
furnace,  through  which  an  iron  tube  or  gun  barrel.  E  F.  passes. 
In  this  tube  there  is  a  (quantity  of  iron  blings,  over  which  the 
steam  of  water  proceeding  from  a  retort  K.  placed  in  a  larse 
crueible  V.  passes,  and  is  decomposed  i  the  oxygvn  of  the 
walcr  combining  with  the  iron  filings,  whilst  the  hydrogen  is 
set  free,  to  pass 
through  a  lermi- 
eulnrtuheKinloa 
gas  bottle  H.  and 
fram  ihence  by 
ihe  lube  K  into 
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ments  of  water.  It  is  also  one  of  the  ingredic 
of  oils,  fat,  ardent  spirits,  ether,  and  in  fact  of  animal  nnd 
vecelublc  bodies  1  it  ,-ilsn  forms  a  part  of  all  animal  and  vege- 
table acids  ;  and  it  i*  one  of  the  bases  of  ammonia,  and  of 
various  compound  gases.  It  possesses  so  great  nn  affinity  for 
caloric,  thnt  it  can  be  obtained  only  in  the  stule  of  gav  It  is 
oonsequenlty  impossible  lo  procure  it  in  Ihe  enncri'te  or  liquid 
state,  independent  of  eom  hi  nation.  lhdro|;rn  united  to  calorie 
and  light, 'forms  hydrocen  gas.  Hydrogen  gas  united  to  car- 
bon, fbrms  earburetted  hrdrogtn  gas,  by  which  streets,  shops, 
theatres,  and  rburches  arc  lijihted. 

Nitrogen,  called  also  aiote.  i>  a  simple  body,  very  abnndant 
in  natnre.  thongh  not  producible  in  on  uncombined  stale.  II 
is  one  of  the  componi-nt  pari*  of  almosplierle  air.  and  also  of 
all  animal  nnd  vrgctnble  bodies,  nitric  acid,  and  ammonia.  It 
enters  into  eombiitation  with  light  and  caloric.  This  com- 
pound is  railed  nilrorrn  gas. 

Boron,  is  a  powder  of  n  brown  eolonr;  inodorous  snd  insipid; 
electric;  incombustible  in  covered  vessels,  but  increases  in 
density  when  the  heat  is  augmcDled  ;  insoluble  in  ether,  oils, 
•leohn),  and  water. 

Silian,  is  a  powder  of  a  dark  eolonr,  incombustible  at  a  hifh 
tempers  tore. 

CUMET,  an  opBr|UC,  spherical,  and  solid  body,  liken  planet. 


In  elliptical  orbits,  having 


performing  revolutions  about  the  si 
the  snn  in  one  of  their  fori.     Mrr  As  i 

COMMENDAM.  n  benefice  or  ceelesiastieal  living.  wUch 
being  void,  or  to  prevent  ils  becoming  so,  is  coivmilied  <wn* 
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itr,  to  the  care  of  a  cieric,  to  be  ■applied  till  a  proper 

tutor  ii  appointed.  When  a  peraon  is  made  a  bishop,  bis 
eneGce  is  voii^  by  the  promolion ;  bat  ir  the  king  give  bim 
power  to  retain  it,  be  is  said  to  bold  it  io  CDmmendaiE. 

COMMERCE,  in  a  general  point  of  view,  ii  nsually  dis- 
tinguished into  two  kinds,  tbe  commerce  of  import  aad  of 
export;  bat  there  is  little  reason  for  this  distinction,  for  what- 
ever B  nation  imports,  it  must  ba«e  paid  an  eqaivatent  for  to 
tbeconntry  of  which  it  is  purchased,  and  consequeatly  tbe  two 
branches  are  intimately  dependent,  and  could  not  exist  sepa- 
rately for  any  considerable  period.  The  value  obtaJned  in 
foreign  markets,  for  the  goods  or  manuractures  which  a  nation 
exports,  repays  tbe  labour  of  procuring  or  manufacturing  them, 
with  a  profit  to  the  master  manulacturer  and  to  the  exporting 
merchant;  and  this  value  being  invested  in  foreign  produce, 
'  irhich  on  importation  affords  a  further  profit  to  the  merchant, 
it  is  evident  that  the  transaction,  while  it  supports  individuals, 
makes  a  real  addition  to  the  wealtb  of  the  country,  by  the 
greater  value  of  the  returns  imported  beyond  that  of  the  goods 
.exported.  Commerce,  therefore,  while  it  is  the  means  o(  pro- 
curing a  mutual  interchange  of  conveniences  between  distant 
conntrieg,  and  of  extending  knowledge  and  civilizalioD  over 
every  part  of  tbe  globe,  contributes  essentially  to  the  strength 
and  inilaence  of  the  countries  by  which  it  is  cncouiaged. 

COMMISSARY,  in  the  ecclesiastical  Law,  an  officer  of  the 
bishop,  who  exercises  spirilnal  jorisdiclion  in  places  of  a 
diocese  so  far  from  the  episcopal  see,  that  the  chancellor  can- 
not call  the  people  to  tbe  bishop's  principal  consistory  court, 
without  giving  them  too  much  inconveoiency, 

COMMISSARY  Oeneral  of  the  Musters,  an  officer 
appointed  to  muster  tbe  army  as  often  as  the  general  thinks 
proper,  in  order  to  know  the  strength  of  each  regiment  and 
company,  to  receive  and  inspect  the  muster-rolls,  and  to  keep 
an  exact  stale  of  the  strength  of  the  ariuj. 

Commissary  General  of  Storei,  an  officer  in  the  artillery,  who 
has  tbe  charge  of  all  the  stores,  for  trbich  he  is  accountable  to 
the  office  of  ordnance. 

Commissary  General  of  Prmuiom,  an  officer  who  has  the 
inspection  of  the  bread  and  provisions  of  the  army. 

COMMISSION,  in  common  Law,  the  warrant  or  letters- 
patent  which  all  persons,  exercising  jurisdiction,  have  to 
empower  them  to  bear  or  determine  any  cause  or  suit ;  as  tbe 
commisMon  of  the  Judges,  &c.  Most  of  tbe  great  officers, 
judicial  and  ministerial,  of  the  realm  are  made  also  by  com- 
mission. By  means  of  commission,  oatbs,  cognisance  of  fines, 
answers  in  chancery,  Etc.  are  taken,  witnesses  examined, 
offices  foDDd,  &c. 

Commission  of  Bankruptey,  is  tbe  commission  that  issues 
from  the  lord  chancellor,  on  a  person's  becoming  a  bankrupt 
within  any  of  the  statotes,  directed  to  certain  commissioners 
appointed  to  examine  into  it. 

CDHMITMBNT,  in  Law,  the  sending  of  a  person  charged 
with  some  crime  to  prison  by  warrant  or  order.  A  commitment 
may  be  made  by  the  king  and  council,  by  the  judges  of  the  law, 
the  justices  of  peace,  or  other  magistrate,  who  have  antborily 
by  the  laws  and  statates  of  tbe  realm  so  (o  do, 

COMMITTEE  of  Parliament,  a  certunnnmber  of  mem- 
bers appointed  by  Ihe  House  for  the  examination  of  a  bill, 
making  report  of  an  inquiry,  process  of  the  bouse,  Su:.  When 
a  parliament  is  called,  and  the  speaker  and  members  bave 
taken  the  oaths,  there  are  committees  appointed  to  sit  on 
certain  days,  vix,  the  committee  of  privileges  and  elections, 
of  religion,  of  trade,  &c.  which  are  atanding  committees. 
Sometimes  the  whole  House  resolves  itself  into  a  committee, 
on  which  occasion  each  person  has  a  right  to  speak  and  reply 
as  often  as  be  pleases,  which  Is  not  the  case  when  the  House  is 


COMMON,  is  a  Rgbt  of  privilege  which  one  or  more  persons 
elum  to  take  or  Dse,  in  some  part  ot  portion  of  that,  which 
another  man's  lands,  waters,  woods,  be.  naturally  prodace, 
without  having  an  absolute  property  in  such  lands,  woods, 
waters.  Etc. 

COMMON  Law,  that  body  of  rales  received  as  law  in  Eng- 
land, before  any  statale  was  enacted  in  parliament  to  alter  the 
■ame. — The  common  law  is  groonded  apoo  the  graieral  costoms 
of  tbe  realm,  inclnding  the  law  of  natare,  the  law  of  God,  and 


tbe  principles  and  maxims  of  law.  It  is  also  founded  on  reason, 
as  said  to  be  the  perfection  of  reason  acquired  by  long  stadj, 
observation,  and  experience,  and  refined  by  the  learned  in  all 
ages.  It  may  likewise  be  said  lo  be  the  common  birthrigbl. 
that  tbe  subject  has  for  the  safeguard  and  defence  not  only  of 
his  goods,  lands,  and  revenues,  but  of  his  wife,  children,  hU, 
fame,  &c.  .Our  common  law,  it  is  said,  after  the  heptarchy, 
wai  collected  together  into  a  body  by  divers  of  our  ancieot 
kings,  who  commanded,  that  it  should  be  observed  through  the 
kingdom  ;  and  it  was,  therefore,  called  common  law,  because  it 
was  common  to  tbe  whole  nation,  and  before  only  affected 
certain  parts. 

COMMON  PLEAS,  one  of  the  king's  courts  held  in  West 
mister  Hall,  wherein  a  lord  chief  justice  and  three  puisne 
justices  preside.  In  personal  and  mixed  actions  it  has  a  con- 
current jurisdiction  with  the  court  of  king's  bench,  bat  has  do 
cognizance  of  pleas  of  the  crown. 

COMMONS,  io  Parliament,  are  the  lower  home,  consiitiog 
of  knights  elected  bj  the  counties,  and  of  ciliiens  and  bo^esses 
by  the  cities  and  borough  towns. 

COMPANY,  a  society  of  merchants,  tradesmen,  or  others, 
united  in  one  common  interest.     When  there  are  only  two. 
three,  or  four,  thus  associated,  it  is  called  a  partnership;  tbe 
word  company  being  nsually  restrained  to  a  considerable  num- 
ber or  members   associated   by  prescription   or  charter.     The 
mechanics   of  ail  towns   incorporated   are   thus    formed   into 
companies,  which  have  charters  of  privileges  and  iromunitie*. 
In  London  the;^  are  numerous,  and  many  of  Ihem  are  very  rick. 
In  a  commereial  sense,  the  term  company  denotes  a  large     ' 
association  farmed  for  the  purpose  of  trade  ;  thus  we  have  the   4 
Hamburgh  company,  the  oldest  trading  establishment  in  the  « 
kingdom,  incorporated  io  1285 ;  the  Russia  company.  conGrmedX 
by  charter  in  1566;  tbe  Eastland   company,  settled  in  1579^ 
the  South  Sea  company,  formed  in  the  reign  of  Queen  Anor  ^ 
the  East  India  company,  originally  established  in  1606;  »ni^_^^ 
lastly,  the  Hudson's  Bay  company,  first  chartered  in  1070. 

CoMPASV,  in  tbe  army,  a  body  of  foot  commanded  by  a  ca]^^ 
tain,  who  has  under  him  a  lietitenant  «od  an  ensign ;  th^^ 
number  of  men  from  50  to  80. 

COMPARATIVE  ANATOMY,  is  that  which  considers  tb^ 

bodies  of  other  animals,  serving  for  the  more  accurate  distinc 

tions  of  several  parts,  and  supplying  tbe  defects  of  hnma^H 
subjects.  Comparative,  however,  docs  not  strictly  stand  i^H 
contradistinction  to  human  anatomy^  butwhile  it  embraces  th^K 
whole  circle  of  animated  existence,  considers  man  u  th^K 
standard  of  its  comparisons,  and  the  primary  object  of  it^K 

COMPARISON,  in  Rhetoric,  a  Rgure  which  illustrates  oa^ 
thing  by  resembling  it  to,  and  comparing  it  with,  another,  tO 
which  it  has  a  manifest  relation. 

COMPASS,  as  represented  in  the  annexed  figure,  an  instra — 
ment  employed  by  pilots  to  ascertain  the  ship's  course  at  tea.-* 
consisting  of  a  circn^ — 
lar    box,    containin^C 
a  paper  card.      Th^ 
card,    which     repre — 
sen  Is  the  borieon,  i^ 
divided  into  32  equaS 
parts,  by  lines  drawi* 
from  the  centre  to  tbm 
cirewn  fere  nee,  called 
points  or  rhnmba ;  thv 
intervals  between  tb« 
points  are  also  subdi- 
vided into  halve*  and 
quarters,  and  also  tb« 
whole  circumfervnce 
into  equal  parts  caReit 
degrees,  380  of  wUck 
complete    the  circle, 
and  consequently  the 
distance,  or  angle,  comprehended  between  any  two  rhombi, 
1*  equal  to  11^  degrees,  or   15  minutes.     The  four  principal 
points  are  called  the  cardinal  points,  two  of  which,  opposite  to 
each  other,  are  called  tbe  north  and  south  points;  that  which 
|j  toward  the  right  hand  when  w«  look  north,  is  termed  tbt 
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or  flaid,  by  which  it  yields  to  the  pressore  of  another  body  or 
force,  so  as  to  be  brought  into  a  narrower  compass.  The  com- 
pressibility of  water  was  for  a  long  time  doubted  by  philoso- 
phers, and  the  famous  Florentine  experiment  seemed  for  a 
time  to  decide  the  question  in  the  negative.  But  water  is 
really  compressible  into  less  than  its  natural  bulk,  and  is  more 
so  in  winter  than  in  summer ;  but  with  spirits  of  wine  and  oil 
of  olives,  the  contrary  takes  place,  these  being  most  compres- 
sible in  the  latter  season.  The  following  table  shews  the 
quantity  of  compression  of  these  fluids  and  mercury,  when  the 
thermometer  was  at  60^,  and  barometer  29^  inches. 

CompreMion  of  MillioDth  partt.  Specific  graTity. 

Spirits  of  wine, 66 846 

Oil  of  olives, 48 918 

Rainwater, 46 1000 

Sea  water, 40 1028 

Mercury, 3 13595 

Whence  these  fluids  are  not  only  compressible,  but  elastic; 
bat  that  their  degree  of  compressibility  is  not,  as  might  have 
been  expected,  in  the  inverse  ratio  of  their  densities. 

COMPUTATION,  the  method  of  estimaUng  time,  weights, 
measures,  &c. 

CONCAVE,  an  expression  used  to  denote  the  corvilinear 
Yacuity  of  hollow  bodies. 

Concave  Lenses^  or  Mirrors,  have  either  one  or  both  sides 
concave.     See  Lbns  and  Mirror. 

CONCAVITY,  from  concave,  the  hollow  or  vacuity  of  bodies. 

CONCAVO-CoNCAVE  Lent,  is  that  which  is  concave  on 
both  sides.  CoNCAVo-Convex  Lens,  is  that  which  is  concave 
on  one  side,  and  convex  on  the  other. 

CONCENTRATION,  the  bringing  things  nearer  to  a  centre : 
whence  the  particles  of  salt  water  are  said  to  be  concentrated 
by  evaporating  the  watery  part. 

Concentration,  in  Chemistry,  the  act  of  increasing  the 
strength  of  fluids,  which  are  rendered  stronger  by  abstracting 
a  portion  of  the  mere  menstruum.  This  is  generally  efi*ected 
by  evaporation,  where  the  menstrunm  is  driven  off  at  a  lower 
heat  than  is  required  to  drive  off  the  substance  with  which  it  is 
united. 

CONCENTRIC,  having  a  common  centre,  as  concentric 
circles,  ellipses,  &e. 

CONCESSION,  in  Rhetoric,  a  figure  by  which  something  is 
allowed  that  yet  might  be  disputed,  in  order  to  obtain  anotiier 
point. 

C0NCH0L06T.  The  study  of  shells,  or  testaceous  ani- 
mals, is  a  branch  of  natural  history,  though  not  greatly  useful 
in  hum^n  economy,  yet  by  the  beauties  of  the  subjects  of  which 
it  treal^,  is  adapted  to  recreate  the  senses,  and  insensibly  lead 
to  the  contemplation  of  the  glory  of  the  Divinity  in  their 
creation.  The  term  conchology  comprehends  the  study  of  all 
animals  which  have  a  testaceous  covering,  whether  inhabitants 
of  the  marine  element,  fresh  water,  or  the  land.  Testaceology 
is  a  term  synonymous  with  conchology,  but  is  of  later  origin 
and  application. 

CONCLAVE,  the  place  in  which  the  cardinals  of  the  Romish 
church  meet  and  are  shut  up,  in  order  to  the  election  of  a  pope. 
The  conclave  is  a  range  of  small  cells,  ten  feet  square,  made  of 
wainscot:  these  are  numbered,  and  drawn  for  by  lot.  They 
stand  in  a  line  along  the  galleries  and  hall  df  the  Vatican,  with 
a  small  space  between  each.  Every  cell  has  the  arms  of  the 
cardinal  over  it  The  conclave  is  not  fixed  to  any  one  deter- 
minate place,  for  the  constitutions  of  the  church  allow  the  car- 
dinals to  make  choice  of  soch  a  place  for  the  conclave  as  they 
think  most  convenient ;  yet  it  is  generally  held  in  the  Vatican. 
The  conclave  is  very  strictly  guarded  by  troops ;  neither  the 
cardinals,  nor  any  person  shut  up  in  the  conclave,  are  spoken 
to  but  at  the  hours  allowed  of,  and  then  in  Italian  or  Latin  ; 
even  the  provisions  for  the  conclave  are  examined,  that  no 
letters  be  conveyed  by  that  means  from  the  ministers  of  foreign 
powers,  or  other  persons  who  may  have  an  interest  in  the 
election  of  the  pontiff. 

CONCOCTION,  in  Anatomy,  &o.  may  be  defined  the  action 
of  fitting  our  daily  aliment  for  the  support  and  nourishment  of 
our  bodies ;  and  also  the  description  of  all  that  disposition  of 
parts  and  mechanism  of  system  which  unite  in  effecting  that 
ohaqge  in  oar  food  by  which  it  is  converted  into  bloody  chyle, 


&c.  To  have  a  clear  idea  of  the  manner  in  which  concoction  is 
performed,  we  must  distinguish  it  into  three  stages :  the  first  is 
performed  in  the  progress  of  the  aliment  from  the  month  dowo 
to  the  lacteals ;  which  are  vessels  that  receive  the  chyle  from 
the  intestines ;  the  second  is  performed  in  the  passage  of  the 
milky  liouor  called  chyle,  through  the  lacteal  vessels  to  the 
loins,  and  then  up  under  the  collar  bone,  where  it  mingles  with  the 
blood  ;  the  third,  or  ultimate  stage  of  concoction,  is  performed 
by  the  circulation  of  the  blood  and  chyle  together  through 
the  lungs,  and  the  whole  arterial  system.  In  all  these  stages, 
the  design  seems  evidently  to  have  been  to  grind  and  dissolve 
the  aliment,  and  to  incorporate  it  with  a  large  quantity  of 
animal  juices  already  prepared,  and  reduce  it  at  last  to  the 
very  same  substance  with  our  blood  and  humours. 

In  the  first  stage  of  concoction,  by  a  curious  configuration  of 
parts,  and  action  of  muscles,  adapted  to  their  respective  func- 
tions, our  food  is  ground  small  by  the  teeth,  and  moistened  by 
a  copious  saliva  in  the  mouth.  It  is  in  the  next  place  swal- 
lowed, and  conveyed  down  the  gullet,  where  it  is  farther 
mollified  and  lubricated  by  a  viscid  unctuous  humour,  distilled 
from  the  glands  of  that  canal.  From  thence  it  slips  into  the 
stomach,  where  several  causes  concur  towards  its  complete 
dissolution.  It  is  diluted  by  the  juices,  swelled  and  subtilised 
by  the  internal  air,  and  it  is  macerated  and  dissolved  by  the  -^ 
beat  which  it  meets  with  in  the  cavity.  It  is  also  agitated  ao< 
attenuated  by  the  perpetual  friction  of  the  coats  of 
stomach,  and  the  pulsation  of  the  arteries  there  ;  by  the  alter- 
nate elevation  and  depression  of  the  diaphragm  or  midriff  ii 
breathing ;  and  by  the  compression  of  the  strong  muscles  o 
the  belly.  After  a  proper  stay,  it  is  gradually  propelled  inti 
the  intestines,  in  the  form  of  a  thick,  smooth,  uniform^  asl 
coloured  fluid. 

When  our  aliment,  thus  prepared,  arrives  at  the  intestinei 
it  is  there  mixed  with  three  diff'erent  sorts  of  liquors, 
receives  two  kinds  of  bile;  the  one,  thick,  yellow,  afr< 
extremely  bitter,  from  the  gall-bladder;  the  other,  scarce 
bitter,  or  yellow,  but  in  a  much  larger  quantity,  from  the  live: 
The  third  liquor  that  falls  hereupon  the  food,issues  plentiful! 3r 
from  a  large  glandular  substance,  called  the  pancreas  or  sweo'tt- 
bread,  and  is  a  limpid  mild  fluid,  like  the  saliva,  which  serv< 
to  dilute  and  sweeten  what  may  be  too  thick  and  acriroonioii4 
The  two  saponaceous  biles  resolve  and  attenuate  viscid 
stances  ;  incorporate  oily  fluids  with  aqueous  ones,  making  tbe 
whole  mixture  homogeneous;  and  by  their  penetrating  and 
detergent  qualities  render  the  chyle  fit  to  enter  the  lacteal 
veins,  into  which  it  is  conveyed,  partly  by  their  absorbent 
nature,  and  partly  by  the  peristaltic  motion  of  the  intestines. 

If  we  now  consider  the  change  which  our  aliment  has  under- 
gone, in  the  mouth,  gullet,  and  stomach,  together  with  a  largo 
quantity  of  bile,  and  pancreatic  juice  poured  upon  it  in  the 
intestines  ;  and  if  we  reflect  also  on  the  incessant  action  of  iho 
muscles,  blending,  churning,  and  incorporating  the  whole,  «& 
shall  readily  perceive,  that  their  united  agency  most  alter  ih& 
flavours  and  properties  of  the  different  kinds  of  food,  in  such  a 
manner  as  to  bring  the  chyle  nearer  in  its  nature  to  our  animal 
juices,  than  to   the  original  substances  from  which  it  wts 
formed.    Our  food,  thus  changed  into  chyle,  constitutes  the 
first  stage  of  concoction ;  and  we  shall  find  the  same  assimila- 
tion carried  on  through  the  second. 

The  next  stage  begins  with  the  slender  lacteal  veins,  where 
they  drise  from  the  intestines  by  an  innumerable  multitude  of 
invisible  pores,  through  which  the  fine,  white,  fluid  part  of  the 
chyle  is  strained  or  absorbed  ;  while,  at  the  same  time,  the 
gross,  yellow,  fibroiis  party  conveyed  slowly  forward,  and  for- 
ther  attenuated  in  the  long  intestinal  tube,  is  perpetuaJly  press- 
ed and  drained  of  its  remaining  chyle,  until  the  dregs,  becom- 
ing at  last  useless,  are  ejected  out  of  the  body.  These  lacteal 
veins  issue  from  the  intestines  in  various  directions,  soroetimts 
straight,  and  then  oblique,  often  uniting  and  growing  larger, 
but  presently  separating  again.  They  frequently  meet  at  acute 
angles,  and  enter  into  soft  glands  dispersed  through  the  me- 
sentery, from  which  they  proceed  larger  than  before,  and  more 
turgid,  with  a  fine  lymphatic  fluid  :  in  most  places  also  they 
run  contiguous  to  the  mesenteric  arteries,  by  whose  pnlsatioa 
their  load  is  pushed  forward.  And  thus,  after  various  oomi 
nicationSy  separations,  and  protrusions,  the  lacteal  veins 
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ell)  le  into  a  sort  of  cistern  or  reservoir  formed  for  that 
ise,  bctHeen  the  lowest  portion  of  the  diaphraicm  and 
St  vcrtrbre  of  the  loins.  It  is  very  remarlcabie,  that  these 
are  furniaihed  with  proper  valves,  which  permit  the  chyle 
>ve  forward,  but  effectually  stop  its  return ;  and  that  a 
Dumber  of  veins  purely  lymphatic,  js  well  as  the  lacteal 
empty  themselves  into  the  same  cistern, 
all  this  contrivance  it  is  evident,  that  the  chyle,  beinj^ 
and  more  diluted  and  blended  with  abundance  of  lymph 
the  Inlands  throug:h  which  it  passes,  and  from  other 
es,  approaches  still  nearer  to  the  nature  of  our  animal 
(,  and  consequently  becomes  more  Ot  for  nutrition. 
i  ch)  le  is  pushed  from  its  reservoir  into  a  narrow  transpa- 
pipe,  called  the  thoracic  duct,  which  climbs  in  a  perpen- 
IT  direction  by  the  side  of  the  back-bone,  from  the  loins 
I  the  collar-bone,  and  opens  into  the  subclavian  vein : 
*,  by  the  peculiar  arrangement  of  several  small  valves, 
byle  min}(lcs  (gently  with  the  blood  after  it  has  been 
ofchly  elaborated,  and  attenuated  with  lymph  from  every 
if  the  thorax,  or  grvai  cavity  of  the  breast,  and  is  from 
e  soon  conveyed  to  the  heart. 

18  we  may  perceive,  that  by  a  wonderfiil  mechanism,  a 
quantity  of  ch>le  and  lymph  is  forced  upwards,  in  a 
Qoicular  course,  through  a  thin  slender  pipe;  but  to 
r  this  more  plain,  the  following  particulars  must  be 
led  to: — First,  to  the  progress  of  the  chyle,  urged  forward 
Mitinued  from  the  antecedent  action  of  the  intestines,  and 
eating  of  the   mesenteric  arteries.      Secondly,  to  the 

0  of  the  diaphragm  and  lungs,  in  respiration,  pressing 
loracic  duct  that  lies  under  them,  whilst  the  thorax, 

and  falling,  resists  their  action,  whereby  the  duct  is 
led  between  two  contrary  forces,  and  the  liquor  which  it 
IDS  pushed  upwards.  Thirdly,  this  duct  runs  close  by 
le  of  the  great  artery,  (called  by  anatomists,  the  superior 
n  of  the  descending  aorta,)  whose  strong  pulsation 
;b  its  yielding  sides,  and  compels  the  chyle  and  lymph  to 
t  ID  an  upright  ascent.  Fourthly,  it  must  be  observed, 
lis  duct  is  accommodated  with  valves,  which  permit  its 
Its  to  move  upwards  by  every  compression,  bat  never  to 
ek  again.  Thus  terminates  the  second  stage  of  concoc- 
rben  the  chyle  falls  into  the  heart.     And  it  may  be  seen, 

1  the  progress  through  these  two  stages,  oor  aliment  has 
nixed  accurately  with  all  the  substances  or  principles 

compose  the  blood,  vii.  saliva,  mucus,  lymph,  bile, 
,  salts,  oil,  and  spirits.  The  most  fluid  and  subtile  parts 
aliment,  before  and  after  it  is  elaborated  into  chyle,  pass 
be  blood  by  certain  absorbent  veins  dispersed  all  over 
Mth,  gullet,  stomach,  and  intestines :  when  we  consider 
aiekly  refreshments  and  strength  are  communicated  to 
,  faint,  and  hungry  people,  immediately  upon  drinking  a 
of  good  wine,  or  eating  any  cordial  spoon-meat,  this 
k  will  appear  the  more  obvious. 

third  stage  begins  where  th^  chyle  mingles  with   the 

and  falling  noon  into  the  right  ventricle  of  the  heart,  is 
hence  propelled  into  the  lungs.  It  will  appear  that  the 
are  the  principal  instruments  of  converting  the  chyle 
le  blood  ;  especially  if  we  consider  their  structure,  first 
■egard  to  the  air-vessels  of  which  they  are  composted. 
Kondly,  with  regard  to  their  blood-vessels;  for  we  sh.ill 
lemrly  perceive  the  change  which  their  fabric  and  action 
jiroduce  on  the  chyle. 

windpipe  is  composed  of  segments  of  cartilaginous 
>D  the  fore  part,  to  give  a  free  passage  to  the  air  in  respi- 
:  and  of  a  strong  membrane  on  its  back  part,  to  bend 
be  nerk.  and  give  way  to  the  gullet  in  deglutition.  This 
Is  lined  throughout  with  an  infinity  of  glands,  which 
:oaJl>  distil  an  unctuous  dense  humour  to  luhricstc  and 

the  pa49ages  of  the  air.  Soon  aft<'r  the  windpipe  has 
ided  into  the  cavity  of  the  breast,  it  is  divided  into  two 
braoehes :  and  these  two  are  .subdivided  into  innumerable 
rations  called  bronchia,  which  become  smaller  in  their 
ss.  (not  much  unlike  a  bushy  tree  inverted,)  until  at  last 
eminatc  in  millions  of  little  bladders  which  hang  in 
*t  at  their  extremities,  and  are  inflated  by  their  admis- 
rair.  and  nubside  at  its  expulsion.  The  clusteis  eonsti- 
m  lobes  of  the  lungs. 


The  blood-vessels  of  the  lungs  next  deserve  our  attention. 
The  branches  of  the  pulmonary  artery  run  along  with  those  of 
the  windpipe,  and  are  ultimately  subdivided  into  an  endless 
number  of  capillary  ramifications,  which  are  spread  like  a  fine 
net-work  over  the  surface  of  every  individual  air-bladder ;  and 
the  pulmonary  vein,  whose  extreme  branches  receive  the  blood 
and  chyle  from  those  of  the  arteries,  run  likewise  in  form  ol  a 
net  over  all  the  air-bladders  of  the  bronchia. 

From  this  admirable  structure  of  the  lungs,  it  is  obvious, 
that  the  crude  mixture  of  the  blood  and  chyle,  passing  through 
the  minute  ramifications  of  the  pulmonary  artery  and  vein,  is 
compressed  and  ground  by  two  contrary  forces,  vis.  by  that  of 
the  heart,  driving  the  mixture  forward  against  the  sides  of  the 
bronchia  and  air-bladders ;  and  by  the  elastic  force  of  the  air 
equally  repelling  this  mixture  from  the  contrary  side,  liy 
these  two  opposite  forces,  the  ehvie  and  blood  are  mon* 
intimately  blended  and  incorporated ;  and  by  the  admission 
and  expulsion  of  the  air  in  respiration,  the  vessels  are  alter- 
nately  inflated  and  compressed,  (and  probably  some  subtile  air 
or  aether  is  received  into  the  blood,)  by  which  means  the  mixture 
is  still  farther  attenuated  and  dissolved;  and  after  various 
circulations  through  the  lungs  and  heart,  and  the  whole  arterial 
system,  is  at  last  perfectly  assimilated  with  the  blood,  being 
fitted  to  nourish  the  body,  and  answer  the  different  purpoiet  of 
animal  life. 

When  the  blood,  thus  prepared  from  the  aliment,  is,  by 
repeated  circulations,  gradually  drained  of  all  its  bland  and 
useful  parts,  and  begins  to  acquire  too  great  a  degree  of 
acrimony,  it  is  carried  off  by  both  sensible  and  insensible  eva- 
cuations, through  the  several  channels  and  distributions  of 
nature.  By  these  evacuations  the  bodv  is  made  languid,  and 
rec^aires  a  fresh  supply  of  aliment ;  while  at  the  same  time  the 
saliva,  and  juices  of  the  stomach  and  intestines,  becoming  thin 
and  acid  by  multiplied  circulation*,  vellicate  the  nerves  of 
those  passages,  and  excite  hunger,  as  a  faithful  monitor,  to 
remind  us  of  that  refreshment  which  is  now  become  necessarv. 

CONCORD,  in  Grammar,  is  the  same  with  syntax,  in  which 
the  words  of  a  sentence  perfectly  agree:  that  is,  in  which 
nouns  are  in  the  same  gender,  number,  and  case  ;  and  verbs  in 
the  same  number  and  per.son  with  nouns  and  pronouns. 

Concord,  in  Music,  is  the  union  of  .sounds,  and  is  either 
perfect  or  imperfect ;  perfect  concords  consist  of  the  fifth  and 
eighth,  the  imperfect  of  the  third  and  sixth. 

CONCOKDANCK.  This  word  has  been  applied  appro- 
priately  to  a  sort  of  dictionary  of  the  Bible,  explaining  the 
words  thereof  in  alphabetical  order,  with  the  several  books, 
chapters,  and  verses  quoted  in  which  they  are  contained.  Its 
chief  use  is  to  enable  a  person  to  find  outan^  text  of  scripture, 
of  which  he  is  able  to  recollect  any  of  the  chief  words. 

CONGO RD.\T,  a  covenant  or  agreement  with  the  pope  con- 
cerning the  acquisition,  permutaticm,  and  resignation  of  eccle- 
siastical benefices.  Most  Catholic  sovereigns  have  such  a 
treaty  with  the  pope. 

CONCRETE  Nt'MBCRS,  are  those  which  are  made  to  denote 
any  particular  thing,  as  three  pounds,  three  guineas,  &e.  and 
are  thus  distinguished  fn»m  abstract  nnmhers.  which  have 
reference  to  no  particular  subject  or  thing,  as  3,  4,  &c. 

(*()NCRETIONS,  MoKBiD,  hard  subsUnces  in  different 
parts  of  the  animal  body. 

CONDENSATION,  the  act  whereby  a  body  is  rendered 
more  dense,  compact,  and  heavy.  Condensation  is,  by  roo.<it 
writers,  distinguished  from  compression,  by  considering  the 
latter  as  performed  by  some  external  violence ;  whereas  the 
former  is  the  action  of  cold. 

CONDENSER,  a  pneumatic  engine, or  syringe,  whereby  an 
uncommon  quantity  of  air  may  be  condensed  into  a  civen 
space;  so  that  sometimes  ten  atmospheres,  or  ten  times  as 
much  air  as  there  is  at  the  same  time,  in  the  same  space, 
without  the  engine,  may  bo  thrown  in  by  means  of  It,  and  its 
egress  prevented  by  valves  properly  disposed.  It  consists  of 
a  brass  cylinder,  wherein  is  a  moveable  piston ;  which  being 
drawn  out,  the  air  rushes  into  the  cylinder  throogh  a  hole  pro- 
vided on  purpose ;  and  vkhen  the  piston  is  again  forced  into 
the  cylinder,  the  air  is  driven  into  the  receiver  through  an 
orifice,  furnished  with  a  valve  to  prevent  its  escape.  Sf«  Air 
Gun. 
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CONDIMENTS.  These  are  not  properly  alimentary  mat- 
ters, or  s^ch  as  become  ingredients  in  the  composition  of  the 
animal  fluid ;  yet  they  are  taken  with  advantage  along  with 
the  proper  aliments,  the  digestion  and  assimilation  of  which 
they^  in  some  degree,  modify.  They  are  of  two  kinds,  saline  or 
acnd ;  having  this  acrimony,  for  the  most  part,  residing  in  their 
oily  parts.  To  this  list  of  condiments,  we  may  add  capsicum, 
ketchup,  and  soy,  observing,  that  the  whole  of  the  seasonings 
consist  of  salt,  vinegar,  and  aromatics,  combined  together ; 
and  if  they  are  taken  only  in  the  quantity  necessary  to  render 
the  food  more  sapid,  they  may  increase  the  appetite,  and  favour 
full  eating ;  but  they  can  hardly  otherwise  do  harm,  unless 
when  the  aromatics  are  taken  in  such  large  quantity  as  to 
weaken  the  tone  of  the  stomach. 

CONDITION,  in  Civil  Law,  a  clause  of  obligation,  stipu- 
lated as  an  article  of  a  treaty  or  contract,  legacy,  &c.  In  the 
Common  Law,  condition  is  a  restraint  annexed  to  any  thing, 
so  that  by  the  nonperformance  the  party  shall  sustain  loss,  and 
by  the  performance  receive  advantage. 

CONDUCTOR,  any  body  which  receives  and  communicates 
the  electric  fluid.  • 

Conductor,  in  Electricity,  a  term  first  introduced  into 
this  science  by  Dr.  Desaguliers,  and  used  to  denote  those 
substances  which  are  capable  of  receiving  and  transmitting 
electricity  ;  in  opposition  to  electrics,  in  which  the  matter  or 
virtue  of  electricity  may  be  excited  and  accumulated,  or 
retained.  The  former  are  also  called  non-electrics,  and  the 
latter  non-conductors.  And  all  bodies  are  ranked  under  one  or 
other  of  these  two  classes,  though  none  of  them  are  perfect 
electrics,  nor  perfect  conductors,  so  as  wholly  to  retain,  or 
freely  and  without  resistance  to  transmit,  the  electric  fluid. 
To  the  class  of  conductors  belong  all  metals  and  semimetals, 
ores,  and  all  fluids,  (except  air.  and  oils,)  together  with  the 
substances  containing  them,  the  effluvia  of  flaming  bodies, 
ice,  (unless  very  hard  frozen)  and  snow,  most  saline  and  stony 
substances,  charcoals,  of  which  the  best  are  those  that  have 
been  exposed  to  the  greatest  heat ;  smoke,  and  the  vapour  of 
hot  water.  It  seems  probable,  that  the  electric  fluid  passes 
through  the  substance,  and  not  merely  over  the  surfaces  of 
metallic  conductors ;  because,  if  a  wire  of  any  kind  of  metal  be 
covered  with  some  electric  substance,  as  resin,  sealing-wax, 
&c.  and  a  jar  be  discharged  through  it,  the  charge  will  be  con- 
ducted as  well  as  without  the  electric  coating.  It  has  also 
been  alleged,  that  electricity  will  pervade  a  vacuum,  and  be 
transmitted  through  it  almost  as  freely  as  through  the  sub- 
stance of  the  best  conductor  :  but  the  electric  spark  or  shock 
would  no  more  pass  through  a  perfect  vacuum  than  through 
a  stick  of  solid  glass.  In  other  instances,  however,  when  the 
vacuum  has  been  made  with  all  possible  care,  the  experiment 
has  not  succeeded.  It  has  also  been  observed,  that  many  of 
the  forementioned  substances  are  capable  of  being  electrified, 
and  that  their  conducting  power  may  be  destroyed  and  reco* 
vered  by  different  processes :  for  example,  green  wood  is  a 
conductor ;  but  baked,  it  becomes  a  non-conductor ;  again,  its 
conducting  power  is  restored  by  charring  it;  and  lastly,  it 
is  destroyed  by  reducing  this  to  ashes.  Again,  many  elec- 
trie  substances,  as  glass,  resin,  air,  &c.  become  conductors  by 
being  made  very  hot ;  however,  air  heated  by  glass  must  be 
excepted. 

Conductor,  Prim«,  is  an  isolated  conductor,  so  connect«>d 
with  the  electrical  machine,  as  to  receive  the  electricity  imme- 
diately from  the  excited  electric. 

Conductors  of  Lightning,  are  pointed  metallic  rods  fixed  to 
the  upper  parts  of  buildings,  to  secure  them  from  strokes  of 
lightning.  These  were  invented  and  proposed  by  Dr.  Frank- 
lin for  this  purpose,  soon  after  the  identity  of  electricity  and 
lightning  was  ascertained ;  and  they  exhibit  a  very  important 
and  useful  application  of  modern  discoveries  in  this  science. 
This  ingenious  philosopher  having  found  that  pointed  bodies 
are  better  fitted  for  receiving  and  throwing  off  the  electric  fire 
than  such  as  are  terminated  by  blunt  ends  or  flat  surfaces,  and 
that  metals  are  the  readiest  and  best  conductors,  soon  discot 
vered  that  lightnin|^  and  electricity  resembled  each  other  in 
this  and  other  distinguishing  properties ;  he  'therefore  recom- 
mended a  pointed  metalline  rod,  to  be  raised  some  feet  above 
the  highest  part  of  a  building,  and  to  be  oontinoed  down  into 


the  ground,  or  the  nearest  water.    The  lightning,  should  \\ 
ever  come  within  a  certain  distance  of  this  rod  or  wire,  would 
be  attracted  by  it,  and  pass  through  it  in  preference  to  ao; 
other  part  of  the  building,  and  be  conveyed  into  the  earth  oi 
water,  and  there  dissipated,  without  doing  any  damage  to  the 
building.    Many  facts  have  occurred  to  evince  the  utility  ot 
this  simple  and  seemingly  trifling  apparatus.    And  yet  some 
electricians  have  objected  to  the  pointed  termination  of  this 
conductor,  preferring  rather  a  blunt  end  ;  because  they  con- 
ceive a  point  invites   the  electricity  from  the  clouds,  and 
attracts  it  at  a  greater  distance  than  a  blunt  conductor. 

CONE,  is  a  solid  Body  having  a  circular  base,  and  its  other 
extremity  terminated  in  a  single  point  or  vertex.  Cones  are 
either  right  or  oblique,  A  Right  CoNB,  is  that  in  which  the 
right  line  joining  the  vertex  and  centre  of  the  base,  is  perpea- 

dicularto  the  plane  of  the  base  ;  as  ABC. 
A    right  cone   may  be  conceived  to  be 
generated  by  the  revolution  of  the  rigiit- 
angled  triangle  11 P  C,  about  its  perpeo- 
dicular  BD.    And   thus,  Euclid  defioet 
a  cone  to  be  a  solid  figure,  whose  base  is  a 
circle,  and  is  produced  by  the  entire  revo- 
lution of  the  plane  of  a  right-angled  tri- 
angle about  its  perpendicular,  being  called 
the  axis  of  Che  cone.     Right  cones  are  distinguished  into 
classes,  according  to  the  magnitude  of  the  angle  at  the  vertex, 
made  by  a  plane  passing  through  that  point  perpendiculir  to 
the  base.    An  Acute-angled  Conb,  is  tnat  in  which  Uie  angle 
ABC  is  acute,  or  less  than  a  right  angle.    An  Eqvikttnl 
Conb  has  its  side  A  B  ec^ual  to  the  diameter  of  the  base  AC. 
An  Obtuse-angled  CoNE,  is  that  in  which  the  angle  ABC  is 
obtuse,  or  greater  than  a  right  angle.    A  Right-angUd  Com, 
is  that  in  which  the  angle  A  BC  is  a  right  angle. 

An  Oblique  Cone,  is  that  in  which  the  line  joining  the  vertex 
and  centre  of  the  base  is  not  perpendicular,  but  obbque,  to  the 

plane  of  the  base ;  as  L  M  N     This  solid, 
which  is  not  treated  of  by  the  ancient 
geometricians,  is  evidently  not  included 
in  the  preceding  definition,   that  hiTin^ 
reference  to  the  right  cone  only.    It  In^ 
therefore  been  an  object  with  the  modems 
to  render  the  above  more  general,  so  a^ 
to  include  both  cases  under  one  and  th^ 
same    general  definition  or  deseriptioiB^ 
which  is  as  follows:— If  a  lineVAoooi' 
tinually  pass  through  the  point  V,  tnr^' 
ing  upon  that  point  as  a  joint,  and  tk^ 
lower  part  of  it  be  carried  round  the  dff^ 
cumference  ABC  of  a  circle ;  then  tb^ 
spaec  enclosed  between  that  circle  s>>^ 
the  path  of  the  line  is  a  cone.    The  drd^ 
A  B  C  is  tlie  base  of  the  cone,  V  the  f ef— 
tex,  and  the  line  V  D  the  axis ;  D  bdntf 
the  centre  of  the  circle. 

Properties  of  the  Cone, — 1.  Eveiy  ooa^-^ 
whether  right  or  oblique,  is  equal  to  009^ 
third  of  a  cylinder  of  equal  base  aa^ 
altitude.  And  therefore  the.  solidity  of  ^ 
cone  is  found  by  multiplying  the  area  of  its  base  by  one-thii^ 
of  its  perpendicular  altitude.  2.  The  curve  surface  of  a  n^^ 
cone  is  equal  to  a  circular  sector,  having  its  radius  equal  lir 
the  slant  height  of  the  cone,  and  its  area  equal  to  the  whole  dr^ 
cumference  of  the  cone's  base.  And  therefore  this  snrfae6  it 
equal  to  half  the  product  of  the  slant  side  into  the  circumferenoo 
of  the  base.  3.  The  surface  of  an  oblique  cone  is  not  quad* 
rable;  indeed  no  rule  has  yet  been  found  that  will  even  lead 
to  a  practical  approximation  of  its  area,  notwithstanding  Ike 
attempts  of  several  ingenious  and  able  mathematicians.  4 
The  solidity  of  a  cone  with  an  elliptic  base,  forming  part  of  t 
right  cone,  is  equal  to  the  product  of  its  surface  by  a  third  tf 
one  of  the  perpendiculars,  drawn  from  the  point  in  which  Um 
axis  of  the  right  cone  intersects  the  ellipse ;  and  it  is  also  eq««l 
to  one-third  of  the  height  of  the  cone  multiplied  by  the  area  ol 
the  elliptic  base.  Consequently,  the  above  perpendicular  is  ti 
the  height  of  the  cone,  as  the  elliptic  base  is  to  the  curve  M«i 
face.    See  Dr.  Barrow's  '*  Lectiones  Geometricss.'' 
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of  a  Cone,  is  tbat  which  it 
bj  cutUtif^  off  the  upper  part  of 
by  a  plane  parallel  to  ita  base ; 
fare  A  BCD. 

t  of  the  higher  hintU^  are  those 
bates  are  circles  of  the  higher 
and  are  generated  by  supposing 
line  fixed  in  a  point  above, 
eonceiTed  capable  of  being  ex- 
more  or  less,  on  occasion ;  and  moved  or  carried  round 
• 

of  I7«y«,  in  Optics,  includes  all  the  several  rays  which 
n  any  point  of  a  radiant,  on  the  surface  of  a  glass. 
,  or  Spindie  {Double),  in  Mechanics,  is  a  solid  formed 
•qoal  cones  joined  at  their  bates.  If  this  be  laid  on  the 
mrt  of  two  rulers,  making  an  angle  with  each  other, 
rated  in  a  certain  degree  above  the  horiiontal  plane, 
et  Hill  roll  upwards  towards  the  raised  ends,  and  seem 
id,  though  in  reality  the  centre  of  gravity  is  descending 

FESSION  of  an  offence,  is  when  a  prisoner  is  arraigned, 
indictment  being  read,  either  he  confesses  the  offence, 
dt  not  fpuilty.  Confession  is  express  or  implied. 
I,  is  where  one,  in  open  court,  confesses  the  crime,  in 
it  satisfactory  ground  of  conviction.  Implied,  is  where 
^Bdant,  in  a  case  not  capital,  yields  to  the  king's  mercy, 
sires  to  submit  to  a  small  6ne,  which  the  court  may 
without  requirinjc  a  direct  confession.  The  presump- 
gvilt  in  this  case  it  to  ttrong,  that  the  defendant  cannot 
rdt,  in  a  civil  action,  deny  the  trespass.  Confession, 
t  to  trial,  before  a  justice,  &c.  may  also  be  pven  in 
e  afterwards,  as  against  the  individual  confessing ;  but 
be  voluntary,  not  upon  promise  or  threats,  and  must  be 
I  time.  After  confeasion,  the  party  may  take  advantage 
■  in  the  indictment,  in  arrest  of  judgment  Confession 
to  be,  in  a  civil  action,  and  is  commonly  on  a  warrant  of 
f  for  that  purpose,  which  being  after  accompanied  with 
u  vulgarlv  called  a  bond  and  judgment 
FIG !•  RATION,  the  exterior  surface  or  shape  that 
bodies,  and  gives  them  their  particular  figure. 
FISCATE,  from  eonfitemre,  and  that  from  /ucus,  the 
r't  treasure.  Any  goods  which  being  disclaimed  by 
t  at  a  felon  upon  trial,  comes  to  the  king,  although  they 
felon *s  own.  Tho^e  which  he  claims  as  his  own,  are, 
mvictinn,  not  confiscate,  but  forfeited  to  the  king. 
FLUENT,  in  Medicine,  an  appellation  given  to  the 
small-pox,  wherein  the  pustules  run  into  each  other. 
FORMATION,  that  make  and  construction  of  the 
body  peculiar  to  every  individual:  whence  those 
t  called  organical,  depend  upon  the  mal-conformation 
»arts. 

GE  D'EtiaE,  in  ecclesiastical  polity,  the  king's  permis- 
anted,  under  his  signature,  to  a  dean  and  chapter  to 
bishop. 

GELATION,  the  transition  of  a  liquid  into  a  solid  sUte, 
lequence  of  an  abstraction  of  heat :  thus  metals,  oil, 
kc.  are  said  to  congeal  when  they  pass  from  a  fluid  into 
state.  With  regard  to  fluids,  congelation  and  freeaing 
le  same  thing.  Water  congeals  at  32P  ;  and  there  are 
lids  that  will  not  congeal,  if  the  temperature  be  brought 
lUy  low.  Every  particular  kind  of  substance  requires 
est  degree  of  temperature  for  its  congelation,  which 
Uk  obvious  reason  why  particular  substances  remain 
fluid,  while  others  remain  always  solid,  in  the  common 
itnre  of  the  atmosphere;  and  why  others  are  some- 
laid,  and  at  others  solid,  according  to  the  vicissitudes 
leatons,  and  the  variety  of  climates, 
osequence  of  the  diminution  of  temperature,  which  is 
need  as  we  ascend  in  the  atmosphere,  it  is  evident, 
every  climate  a  point  of  elevati«»n  may  be  reached 
t  will  be  continually  freeaing.  The  altitude  of  the  point 
be  surface  of  the  earth,  will  depend  partly  on  the  tem- 
e  of  the  lower  regions  of  the  atmosphere,  and  partly  on 
remcnt  of  beat  belonging  to  the  column  at  the  period  of 
itioo.  Thus,  near  the  equator,  it  was  observed  by 
r,  that  it  begao  to  freeie  on  the  tidet  of  the  lofty 
L 


mountain  Pincbencha,  at  the  height  of  13^^77  feet  above  the 
level  of  the  tea,  whereat  congelation  was  found  by  Saattore 
to  take  place  on  the  Alps  at  the  height  of  I3,42t»  feet  By 
tracing  a  line  on  the  plane  of  the  meridian,  through  the  poinU 
at  which  it  constantly  freeses,  a  curve  it  obtained,  wbieh  hat 
been  denominated  the  line  of  PerpetwU  CoMtlmiian.  The  height 
at  which  this  curve  intersects  a  vertical  line  in  the  varioat 
latitudes,  hat  been  computed  by  Kirwan,  partly  from  obterva- 
tion,  and  partly  from  the  mean  temperature  of  the  parallel,  and 
the  decrement  of  heat,  as  we  ascend  in  the  atmosphere.  The 
following  Uble  exhibits  the  result  of  his  calculation;  and 
though  it  is  constructed  on  the  erroneous  supposition,  that  the 
mean  annual  temperature  of  the  pole  is  31^,  which,  according 
to  the  observations  of  Captain  Scoresby  and  Captain  Parry, 
must  be  far  beyond  the  truth,  it  is  tolerably  accurate  for  the 
more  accettible  regiont  of  the  globe. 
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•0 16-677 

•6 16-467 

10 I60G7 

15 16-498 

20 13-719 

25 13-030 

30  11-692 

36 10-664 

40 9H)16 


Mmb  llticlM  of  liM 

of  CoBftlalsoo. 

46 7-66B 

60 6-200 

55 4-912 

60  3-684 

65 2-616 

70 1-6&7 

75 -748 

80 -126 


These  numerical  relations  will  be  best  perceived  at  a  glanee 
by  meant  of  the  followiug  diagram. 
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Here  E  P  repre tents  the  rectified  meridian  from  the  equator 
to  the  pole  divided  into  intervals  of  lUO  each ;  and  the  different 
perpendiculars  or  ordinates  at  the  point  0, 10, 20,  &c.  represent 
the  height  of  ^tfreexing  point  at  the  equator,  and  at  latitude 
10,  20,  &c.  to  the  pole  P.  The  curve  ll  P,  which  has  a  con* 
trary  flexure  about  60^,  exhibits  the  general  form  of  the  line  of 
Perpetual  Congelation  from  the  equator  to  the  pole. 

CONGRUITY,  in  Geometry,  it  the  tame  at  identitv,  those 
lines  and  surface  being  congroous,  which  will  coincide  or  fill 
the  same  space. 

CONGRUOUS  Quantities,  are  those  which  are  of  the 
tame  kind,  and  therefore  admit  of  compariton ;  and  quantitiea 
which  cannot  be  to  compared,  are  incongruous  quantities.  All 
abstract  numbers  are  congruous;  but  concrete  numbers  are 
not  congruous,  unlets  the  quantities  they  represent  be  so. 
Thus,  3  and  4,  as  abstract  numbers,  are  congruous ;  but  if  thry 
denote  3  pounds  and  4  miles,  they  are  incongruous.  Hence  it 
follows,  that  the  method  commonly  given  in  books  of  arith- 
metic, for  stating  questions  in  the  Rule  of  Three,  is  improper  : 
because  it  supposes  a  comparison  between  quantities  which 
are  incongruous.  We  cannot  say  properly,  that  3  poundt :  4 
men  :  :  6  poundt  :  8  men ;  but  that  3  pounds  :  6  pounds  : 
4  men  :  8  men. 

CONICAL,  any  thing  of  a  conical  form,  or  relating  to  the 
cone. 

Conical  EliipM,  HyperUm^  Pmrmh^U^  denote  tbote  flfuret, 
luder  their  mott  tinple   fom,   na  cat  horn  the  cooe,  to 
3c 
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of  a  higfaf r  6rder.    See  Ae  respeelive 
articlat.    • 

CoNiCAC  t/ii^ni/c,  or  Conic  Vngmia^^f^ 
tolidlbtaied'by  a  ^ane  {Nuising  tfaroorli 
the  aide  laod  bate  of  a  «€Oiie,  ^aa  the 
figom  E^C  B  P,  figr.  K 

Conic  SeetimUf  as  the  name*,  implies, 
are  saeh  oar  to  lines  and  plaoe  figures  as 
are  prodaeedibj'  the  interaeotioD  of  a  plone  with  a  cone.    From 
the  diiereMi  positions  of  the  catting  plane,  there  arise  five 
difleveat  sections,  tix.  a  triangle,  eUqtse, 
parah^hf  and  hyperbola.    Bat  only  the  three 
latter  are  particalarly  deBomiaated  iconic 
9e€tiam.    - 1.    tf   the    secant,    or    cotting 
plane,  pass  through  the  vertex  of  lhe»cone, 
and  any  part  of  the  base,  the  section  will 
evidently.be  a  triangle,  as  A  V  B,  fig.  2. 

2.  If  the  plane  cat  the  cone  parallel  io 
the  circalar  base,  the  section  will  be  a 
circle^  as  A  B  D. 

3.  If  the  plane  pass  through  the  side  and 
base  of  the  cone  parallel  to  the  other  side ; 
that  is,  if  the  catting  plane  make  the  same, 
angle  with  the  base  as  the  side  of  the 
cone  makes,  the  section  is  a  parahola,  as 
BAB,  fig.  3. 

4.  When  the  plane  cuts  both  sides  of 
tiie  Cone,  that  is,  when  it  makes  with  the 
base  a  less  angle  than  the  side  of  the  cone 
makes,  the  section  is  an  ellipse,  as  B  A  D. 

5.  When  the  plane  passes  through  the 
side  and  base  of  the  cone,  making  a  greater 
angle  with  the  base  than  the  side  or  the 
cone  makes,  the  section  is  an  hyperbola,  as 
DAE,  fig.  4. 

And  if  the  plane  be  continued  to  cut  the 
opposite  cone,  this  section  is  called  the 
opposite  hyperbola  to  the  former,  as  Beil, 

6.  The  vertices  of  any  section  are  the 
points  where  the  catting  plane  meets  the 
opposite  sides  of  tbe  cone,  as  A  and  B  in 
the  preceding  figures.  Hence  the  ellipse, 
^g,  5,  and  hyperbola  ^g»  4,  have  each  two 
vertices,  but  the  parabola  only  one,  unless 
we  consider  the  other  as  at  an  infinite  dis- 
tance. 

7.  The  axiSf  or  transverse  diameter,  of  a 
conic  section,  is  the  line  joining  its  vertices, 
as  A  B ;  therefore  the  axis  of  an  ellipse  is 
within  tiie  figure,  of  the  hyperbola  without 
it,  and  in  the  parabola  it  is  infinite  in 
length,  fig.  6. 

8.  The  centre  of  a  conic  section  is  in  that 
point  which  bisects  the  axis.  Hence  the 
centre  of  an  ellipse  is  within  the  figure,  of 
the  hyperbola  without  the  figure,  and  in. 
the  parabola  it  is  at  an  infinite  distance 
from  the  vertex. 

The  definitioo  of  the  other  lines,  in  and  about  tbe  oonio 
aectioBS,  will  be  fonnd  under  their  respective  heads ;  and 
tne  principal  properties  of  the  different  sections^  under  the 
articles  Ellipse,  Hyperbola,  and  Parabola. 

The  Conic  sections  are  of  themselves  a  system  of  regular 
carves  allied  to  each  other,  the  doctrine  of  which  is  of  the 
greatest  use  in  physical  astronomy,  as  well  as  in  the  physico* 
mathematical  sciences,  and  has  been  much  cultivated  by  both 
ancient  and  modern  mathematicians. 

CONIUM,  Hemlock,  a  genus  of  the  digynia  order,  in  the 
pcntandria  class  of  plants,  and  in  the  natural  method  belonging 
to  the  45th  order,  umbellatae.  There  are  Ave  species.  Conium 
maoalatmn,  or  the  greater  hemloek,  grows  naturally  in  Britain. 
It  is  a  biennial  plant.  The  stalk  is  smooth,  spotted  vrith  pur- 
ple, and  rises  from  four  to  six  feet,  branching- oat  at  the  top  with 
decoapoonded  leaves.  -  The  fiowers  are  wfedte.    It  is  a  poison- 


ous  plant,  yet  the  internal  and  external  efficacy  of  tb 
has  been  proved  in  cancers,  ulcers,  and  scrofulous  tu 

CONJUGATE  Diameter,  or  Axis  of  an  EiUpi 
shortest  of  the  two  diameters,  or  that  which  bisecia 
verse  axis. 

CONJUGATION,  in  Grammar,  a  regular  dislriboA 
inflexions  of  verbs  in  their  diflerent  voices,  mood 
numbers,  and  persons,  to  distinguish  them  from  eaeh 

CONJUNCTION,  in  Astronomy,  the  meeting  of  t« 
stars  or  planets' ia  the  same  degree  of  the  zodiac. 

Conjunction  may  be  considered  as  either  true  or 
When  the  two  bodies  meet  in  the  same  point  of  both 
and  latitude,  the  conjunction  is  true;  when  they  agr 
gitude,  but  differ  in  latitude,  the  conjunction  is  appmr 

Conjunction  is  either  heUocenirie  or  geocentrie^^H 
conjunction  is  that  which  would  appear  to  an  obsen 
sun ;- jFtfocfHlfM,.  that  which  would  appear  to  one 
earth. — Geoc^nirie  Conjunctions  are  either  superiaro 
thus,  when  a  planet  is  seen  on  the  same  circle  of  lati 
tbe  son,  but  beyond  him,  the  conjunction  is  called 
when  the  planet  is  scmi  between  the  earth  and  sai 
junction  is  inferior. — Grand  Conjunctions,  are  thos* 
several  of  the  planets  are  seen  near  together. 
Lande  informs  ns,  that  on  May  22, 1702,  Jupiter  ai 
were  within  1^  41  of  each  other;  lon  February  11,  168 
Mars,  Jupiter,  and  Saturn,  were  very  near  each  c 
Mercary  not  above  16^  from  them;  on  November 
Mercury,  Venus,  Jupiter,  and  Saturn*  were  within  i 
of  10<^ ;  on  March  17, 1725,  Mercury,  Venus,  Mars^  i 
ter,  were:SO  near  eaeh  other  as  to  be  all  seen  through 
telescope  without  altering  its  position;  and  on  Dec 
17GD,  Venus,  Mars,  and  Jupiter,  were. within  l^of  eac 
The  Chinese  Jiave  a  remarkable  record  of  a  conjunct] 
planets,  which  happened  in  the  time  of  their  emperor 
hiu;  who,accordmg  to  the  Chinese  annals,. reigneci 
year  3514,  before  Christ,  to  the  year  2436,  B.C. ;  and 
thonght  to  prove  the  great  antiquity  of  this  empir 
astronomical  science  amongst  these  people. 

Conjunction,  in  Grammar,  an  inclinable  word  <ii 
which  joins  words  or  sentences  together,  shewing  the 
(relation  and  dependence. 

CONJURATION,  strictiy  means  combining  tof 
oath^  especially  with  evil  spirits  to  do  a  public  ha 
using  of  witchcraft,  conjuration,  &c.  was  felony  by  1 « 
but  that  was  repealed  by  9  Geo.  II.  c.  5,  and  the  offe 
all  prosecutions  for  them  abolished ;  but  if  any  p 
witchcraft,  or  conjuration,  or  to  tell  fortunes,  or  fro 
occult  or  crafty  science,  to  discover  goods  or  chattels  i 
they  shall  be  imprisoned  a  year,  and  stand  in  the  pillc 
quarter,  and  may  be  ordered  to  give  security  for  g( 
vioor.  The  punishment  of  the  pillory  being  abolishe<i 
only  liable  to  the  other  penalties  of  the  statute. 

CONOID,  a  solid  figure  generated  by  the  revolnti 
conic  section  about  its  axis ;  and  hence  receives  ] 
denominations,  according  to  the  section  from  which 
duced ;  as  Elliptical  Conoid  or  Spheroid,  Paraboli 
and  Hyperbolic  Conoid;  for  which,  see  the  respectivi 

CONON,  an  ancient  Greek  mathematician,  the 
Archimedes.    He  was  well  skilled  in  geometry  and  m 
but  is  not  celebrated  for  any  particular  discovery. 

CONSANGUINITY,  the  relation  subsisting betwee 
of  the  same  blood,  or  who  are  sprung  from  the  si 
Consanguinity  terminates  in  the  sixth  and  seventl 
excepting  in  the  succession  of  the  crown,  in  which 
continued  to  in6nity.  Marriage  is  prohibited  by  the 
the  fourth  degree  of  consanguinity  inclusive ;  but,  1 
of  nature,  consanguinity  is  no  obstacle  to  marriage, 
be  in  the  direct  line. 

CONSCIENCE,  in  Ethics,  a  secret  testimony  of 
whereby  it  gives  its  approbation  to  things  that  are 
good,  and  condemns  those  that  are  evil. 

CONSCRIPTS,  men  raised  to  recmit  the  Frenc 
All  men  capable  of  bearing  arms  in  France  and  its  d 
cies  are  registered,  and  when  called  upon  by  tbe  goi 
are  obliged  to  join  the  army  on  any  service. 

CONSBQUBNT.  is  tiie  latter  of  two  termsof  aitt 
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k  the  Antccodrnt  U  referred  and  compared;  Uins  in  the 
:  h,bi»  the  coiucfqueiit,  and  •  the  aotcccdeot 
SEQU£NTIA«  a  Latin  term,  commonly  employed  by 
mcrs  to  denote  tbc  real  or  apparent  motion  of  a  plnnct 
eU  when  it  in  movinf(  from  west  to  east,  or  according  to 
ler  of  the  sif^nii ;  and  is  thus  opposed  to  antietdendiat 
lenotes  contrary  motion. 

SIDKRATION,  in  Law,  the  material  cause  or  (rroand 
itract,  without  which  the  party  contractiuff  would  not 
uL  Conjiideration,  in  contracts,  is  ^omething  given  in 
ge»  something  that  is  mutual  and  reciprocal ;  as  money 
»r  goods  sold,  work  performed  fur  wages.  And  a  con- 
on  of  jiomc  sort  or  other  is  no  absolutely  necessary  to 
ning  of  a  contact,  that  a  nudHmpa^tum^  ox  agreement  to 
ay  any  thing  on  one  side,  i»ithuut  any  compensation  on 
i*r,is  totally  void  in  law  ;  and  a  man  cannot  be  compelled 
»rm  it.  A  consideration  is  necessary  to  create  a  debt. 
SIGNMKNT,  in  Law  and  Commerce,  is  tlie  sending  or 
lag  over  goods,  money,  &c.  to  another  person,  and  iu 
itiooal,  or  for  a  particular  purpose. 
SISTENT  J)ouiks,a  term  partially  emplo>ed  by  philo. 
^  particularly  by  Uo>le,  to  d^aotc  Jirm  ox  Jixed  bodies, 
(•ition  to  fluid  ones. 

SI8T0RY,  a  tribunal ;  every  archbishop  and  bishop  of 
iocese  hath  a  consistory  court,  Jield  before  his  chaneel- 
ommissary,  in  his  eatliedrsi  church,  or  other  convenient 
if  his  diocese,  for  ecclesiastical  causes.  From  the 
B  court  the  appeal  is  to  the  archbishop;,  from  the  arch- 
B  court  to  the  delegates. 

SOLIDATION,  in  Civil  Law,  is  the  oniting  the  poases- 
profit  of  land  with  the  property,  and  the  cofitrsM'y-    It 
notes  the  uniting  two  benctices  into  one. 
SONANCE,  in  Music,  is  tho  etl'ect  of  two  or  more 
beard  at  the  same  time. 

SONANT,  a  letter  that  cannot  be  sounded  witboot  a 
lefore  or  after  it«  Consonants  arc  divided  into  single 
ible  ;  the  double  are  x  and  r,  the  latter  are  all  single  ; 
so  are  again  divided  into  mute^  and  liquids,  the  former 
,rfjr,  r,y.  I.  A,  p,  7, 1,  the  liquids  /,  w,  n.  r. 
SPIR.\Ci',  in  Law,  signities  an  agreement  between 
more,  falsely  to  indict,  or  procure  to  be  indicted,  an 
it  person  for  felony. 

SPIKATOKS  are,  by  statuU\  defined  to  be  such  as 
emselves  by  oath,  covenant,  or  other  alliance,  to  assist 
other,  falsely  and  maliciously  to  indict  persons,  or 
to  maintain  pleas. 

STABLE,  an  othccr  whose  duty  it  is  to  preserve  the 
and  to  arrest  all  public  oflenders  wlio  have  committed 
Dce  in  his  presence,  or  against  whom  be  has  tlie  war- 
r  a  justice  of  the  peace.  There  are  many  persons 
ed  l»>  liiw  from  siTving  the  oflirc  of  constable ;  these 
t  ancient  officers  of  any  of  the  colleges  in  the  two  univer- 
eounsellors,  attorne}S,  and  all  other  oflicers  whose 
ince  Ih  ri  quired  in  the  courts  (»t'  Westminster-hall, 
en  of  London,  the  president  and  fellows  of  the  fellowship 
ftio  in  London,  surgeons  and  apoihecaries  in  London, 
thin  se\en  miles  tlii-rcof.  briiit;  free  of  the  company  of 
:aries,  and  liernsed  teachers,  or  preachers  in  holy 
in  a  congregation  legHJIy  tohruted,  shall  be  exempted 
le  oflicr  of  a  eonstuble.  The  prosecutor  of  a  felon  to 
ion,  or  the  person  to  whom  he  shall  assign  the  certificate 
,  shall  be  discharged  from  tiie  oiliee  of  con.Htable.  lint 
lly  speak i UK,  e\ery  housekeeper,  inhabitant  of  the  parish, 
full  a::r.  is  liahlr  to  till  the  oflire  of  c«instable :  he  ought, 
r.  tit  (•<■  of  the  altler  sort  of  parishioners,  as  being  more 
II  pc  ri'irm  hin  dut>  uith  probity  and  discretion. 
STANT  t^riMiiii.s.  in  Akebra,  are  those  whose 
arc  known,  or  which  remain  constantly  the  same, 
are  eitininouly  denoted  by  the  leading  letters  of  the 
:t,  a.  b,  r,  \.c.  to  di.HtiuKui.ih  them  from  the  variable  and 
ru  quantitio,  nhich  are  reprt:&eiited  by  the  linaJ  letters, 
&e. 

STELI^ATIDN.in  .\stronumy,an  assemblage  or  svstem 
ral  stars,  ex  premised  and  represented  under  the  name 
:ure  of  some  animal  or  other  emblem.  The  ancients 
ed  out  the  lirmameot  into  several  parts  or  constella- 


tions ;  reducing  a  certain  number  of  stars  under  the  represen- 
tations of  certain  images,  in  order  to  aid  the  imagination  and 
the  memory,  to  conceive  and  rrtain  their  number  and  disposi- 
tion, and  even  to  distinguish  the  virtues  which  astruluKers 
attributed  to  them ;  in  whi«li  seuie  a  man  ij  said  lo  be  l>om 
under  a  happy  constellition,  t.«.  under  a  happy  configuration 
of  the  heavenly  bodies. 

The  difision  of  the  heavens  into  constellations  is  probably  as 
old  as  astronomy  iUelf;  at  least  it  was  known  to  the  most 
ancient  authors  extant,  whether  sacred  or  profane.  Job.  chap, 
ix.  ver.  U,  '*  Which  make  h  Arctunis.  Orion,  and  the  Pleiades, 
and  the  chambers  of  the  south."  By  the  **  chambers  of  the 
south,"  some  have  understood  the  constellations  near  the 
south  pole,  which  are  invisible  to  the  iohabitanU  of  the 
northern  hemisphere.  From  the  manner  in  vihirh  Job  speaks 
of  commerce,  we  may  infer,  that  he  lived  in  a  country 
frequented  by  merchants,  who  imported  thither  the  rarities  of 
the  south.  Job,  who  lived  in  Arabia  Petraea,  among  the 
merchants,  might  have  derived  from  them  his  knowledge  of  the 
constellations.  Chap.  xxxviii..31,  32,  '<  Canst  thou  restrain 
the  sweet  influence  of  the  Pleiades,  or  loosen  the  bands  of 
Orion  ?  Canst  thou  bring  forth  Macsaroth,  (by  which  some 
understand  the  twelve  signs  of  tlie  lodiac,)  or  canst  thou  guide 
Areturus  with  his  sons  ?  In  the  prophecy  of  Amos,  who  lived 
790  years  before  Christ,  we  have  the  following  exliortation, 
(chap.  v.  7, 8 :)  *'  Ye  who  turn  judgment  into  wormwood,  and 
leave  off*  righteousness  in  the  earth  ;  seek  him  that  maketb  tho 
seven  stars  and  Orion,  and  turneth  the  shadow  of  death  into 
the  morning,  and  maketh  the  day  dark  with  night ;  that  called 
for  the  waters  of  the  sea,  and  poureth  them  out  upon  the  face 
of  the  earth :  the  Lord  is  his  name."  In  this  passage,  the 
seven  stars  and  Orion  are  mentioned  as  being  well  known, 
both  by  Amos,  who  was  a  herdsman  of  Tekoa,  and  the  com* 
mon  people,  to  whom  this  exhortation  was  addressed ;  and  we 
may  hence  infer,  that  the  constellations  had  been  invented  for 
some  time  before  that  period.  Some  of  the  constellations  are 
also  occasionally  mentioned  by  Ilesiod  and  Homer,  who 
flourished  above  OtK)  years  before  Christ ;  and  Aratus  of  Tar- 
sus, the  astronomical  poet,  who  lived  about  277  years  before 
Christ,  in  his  **  Phenomena,"  professedly  treats  of  them  all, 
except  some  few,  which  were  invented  after  his  time;  shewing 
how  each  constellation  is  situated  with  regard  to  those  that  arc 
near  it,  what  position  it  bears  with  respect  to  the  principal 
circles  of  the  sphere,  and  what  other  constellations  rise  or  set 
with  it.    4Sr«  Zodiac. 

CONSTITUTION,  an  ordinance,  regulation,  or  law  made 
by  authority  of  any  superior,  ecclesiastical  or  civil. 

CONSTITUTION,  physically,  is  Uiat  particular  disposition 
of  the  biKly,  which  results  from  the  properties  and  mutual 
actions  of  the  solids  and  fluids  enabling  them  to  exercise  their 
proper  functions. 

CONSTITl  TIONS,  Apostolical,  a  collection  of  regula- 
tions attributed  to  the  apostles,  and  supposed  to  have  been 
collected  by  St.  Clement,  wliose  name  ihey  likewise  bear.  It 
is  the  general  opinion,  however,  that  they  are  spurious,  and 
that  St.  (Element  hail  no  hand  in  them.  They  appeared  first  in 
the  fourth  age.  but  have  been  much  changed  and  corrupted 
sinee  that  time. 

CONSTKrt^TlON,  in  Geometry,  is  the  drawing  those  lines 
of  a  figure  whit^h  are  previously  necessary  for  the  making  a 
demonstration  more  plain  and  e\ident. 

CONSTRICTION  i^r  Eqiatioss.  in  Algebra,  is  the  finding 
the  roots  of  an  unknown  equation  by  the  geometrical  cnn- 
strurtinK  of  ritrht  lines  or  curves  ;  or  the  reducing  given  equa- 
tions into  geometrical  tigurc*.  And  this  is  done  by  lines  or 
cur\es.  aeeording  to  the  order  or  rank  of  the  equation. 

CONSUIj,  is  an  oflieer  established  bv  virtue  of  a  commis- 
sion from  the  kiinr,  and  other  princes,  in  all  foreign  countries 
of  any  consiiterable  trade,  to  faeiljtatc  and  despatch  businesii, 
and  protect  tho  merchants  of  the  nation.  The  consuls  are  to 
keep  up  a  correspondence  with  the  ministers  of  England 
residing  in  the  courts  whereon  their  consulate  depends.  They 
are  to  support  the  commerce  and  the  interest  of  the  nation  ;  to 
dispose  of  thir  sums  given,  and  the  presents  made  to  the  lords 
and  principals  of  places,  to  obtain  their  protection,  and  prevent 
the  insults  of  the  natiTcs  on  merchants  of  the  nation. 
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CONTACT,  in  Mathematics,  is  when  one  line,  plane,  or 
body,  is  made  to  toach  another,  and  the  parts  which  thus 
touch  are  called  the  points  of  contact. 

CONTAGION,  in  Physic,  the  communicating  a  disease  from 
one  body  to  another.  In  some  diseases  it  is  only  effected  by 
an  immediate  contact,  as  in  the  syphilis  ;  in  others,  it  is  con- 
veyed by  infected  clothes ;  and  in  others  it  seems  capable  of 
being  transmitted  through  the  air  at  a  considerable  distance. 

CONTENT,  in  Geometry,  is  the  area  or  quantity  of  matter 
or  space  included  within  certain  limits. 

CONTIGUOUS  Angles,  in  Geometry,  are  those  which  have 
one  leg  common  to  each  angle. 

CONTINGENT,  something  casual  or  uncertain.  Hence, 
future  contingent,  in  logic,  denotes  a  conditional  event  which 
may  or  may  not  happen,  according  to  circumstances.  Contin- 
gent is  also  a  term  of  relation  for  the  quota  which  falls  to  any 
person  upon  a  division.  Contingent  use,  in  law,  is  that  which 
IS  limited  in  a  conveyance  of  lands,  which  may  or  may  not 
happen  to  vest  according  to  the  contingency  mentioned  in  the 
limitation  of  the  use.  A  Contingent  remainder  is  where  no 
present  interest  passes ;  but  the  estate  is  limited  to  take  effect, 
either  to  a  dubious  and  uncertain  person,  or  upon  a  dubious 
and  uncertain  event,  so  that  the  remainder  may  never  take 
effect. 

CONTINUED  PROPORTION,  in  Arithmetic,  is  that  where 
■the  consequent  of  the  first  ratio  is  the  same  with  the  antecedent 
of  the  second. 

CONTRABAND,  in  Commerce,  a  prohibited  commodity, 
or  merchandise  bought  or  sold,  imported  or  exported,  in  preju- 
dice to  the  laws  and  ordinances  of  a  state,  or  the  public  pro- 
hibitions of  the  sovereign.  Contraband  goods  are  not  only 
liable  to  confiscation  themselves,  but  also  subject  all  other 
allowed  merchandise  found  with  them  in  the  same  box  bale,  or 
parcel,  together  with  the  horses,  waggons,  &c.  which  conduct 
them,  lliere  are  contraband  goods  likewise,  which,  besides  the 
forfeiture  of  the  articles,  are  attended  with  several  penalties 
and  disabilities. 

CONTRACT,  a  covenant  or  agreement  between  two  or  more 
persons  with  a  just  consideration.  Contracts  are  either  express 
or  implied.r  Express  contracts  are,  where  the  terms  are  openly 
and  plainly  uttered  ;  implied,  are  those  dictated  by  reason  and 
justice:  thus,  if  a  man  takes  up  goods  without  agreeing  about 
the  price,  the  law  concludes,  that  he  contracted  to  pay  the  real 
value. 

CONTRACTION,  or  Dilatation,  an  essential  property  of 
bodies,  is  best  learned  from  experiment.  We  see  that  the 
volume  of  numerous  bodies  is  enlarged  or  diminished,  by  the 
application  of  a  vast  force,  or  else  of  some  delicate  measure ; 
fluids  may  be  expanded  or  condensed;  hard  substances 
enlarged  or  contracted.  Thus,  if  a  flaccid  bladder  be  laid 
within  the  receiver  of  an  air-pump,  it  will  gradually  swell  as 
the  exhaustion  advances  ;  but  on  restoring  the  external  pres- 
sure, it  will  again  shrink  into  its  former  dimensions. 

If  a  tall  flask,  nearly  filled  with  water,  be  inverted  in  a  jar  of 
water,  and  placed  likewise  under  a  pneumatic  receiver,  the  air 
collected  near  the  top  of  the  flask  will  visibly  expand  as  the 
operation  of  pumping  proceeds,  till  it  presses  down  the  water, 
and  begins  to  make  its  escape  from  below  in  the  form  of 
rarefied  bubbles. 

But  air  is  easily  compressed,  by  the  opposite  action  of  a 
syringe.  In  the  vault  or  chamber  of  the  air-gun,  it  is  often 
condensed  fifty  or  even  eighty  times.  Nearly  the  half  of  that 
charge  may  be  thrown  into  the  pneumatic  blow-pipe,  from 
which,  on  partially  opening  the  valve,  it  will  again  flow  for  the 
space  of  a  quarter  of  an  hour. 

Other  gases  are  blcewise  notably  contracted  or  dilated,  by 
the  increase  or  diminution  of  external  pressure.  But  liouid 
substances  themselves  manifest  a  similar  property,  though  in 
a  much  lower  degree.  If  a  large  glass  ball,  terminating  in  a 
long  narrow  and  open  stem,  divided  into  minute  spaces  corre- 
sponding to  the  millionth  parts  of  the  whole  capacity,  be  filled 
with  distilled  water,  carefully  purged  of  air,  and  introduced 
under  the  receiver  of  a  pneumatic  machine ;  as  the  exhaustion 
advances,  the  water  will  proportionally  expand,  and  rise  near 
fifty  divisions;  but,  on  admitting  the  atmosphere  again  to 
compress  the  water,  it  will  sink  to  its  former  place  in  the  stem. 


The  contraction  which  the  water  suffers,  *«!  eweij  iaoretse  of 
pressure,  exceeds  not  indeed  the  20,0(XMh  part  of  what  air 
would  undergo  in  like  circumstances ;  but  at  ia  equally  resl, 
and  evinces  an  inherent  property.  Mercufy  treated  in  the 
same  way  shews  a  contraction  three  timet  lew  thao  water. 
Alcohol,  ether,  oils,  ao^  the  various  acids  and  saline  tolulioBS, 
are  all  condensed  or  expanded,  though  in  different  degrees,  by 
the  change  of  atmospheric  pressure. 

If  the  stem  of  the  instrument  now  mentioned,  were  made  to 
screw  to  the  ball  at  a  wide  aperture,  frsgmeots  of  solid  bodies 
could  be  easily  introduced,  and  the  vacant  space  filled  ap  with 
water ;  the  contraction  of  this  portion  of  water  beiofr  dedocted 
from  the  contraction  of  the  mixture,  would  give  ue  distinct 
condensation  of  the  hard  materials.  In  this  way,  the  eompre s- 
sibility  of  the  various  stones  and  metals  ooald  be  aocurately 
examined. 

The  contraction  and  distention  produced  by  external  or 
internal  pressure  on  glass,  is  quite  visible  in  a  tiiermometer 
with  a  large  bulb  and  very  long  tube.    When  the  mercuiy 
stands  near  the  top  of  the  scale,  it  will  immediately  rise  on 
reclining  the  tube,  and  will  continue  to  flow  till  the  thermo- 
meter has  bpen  reversed  ;  but  the  mercury  will  again  retreat, 
as  the  instrument  is  brought  back  to  its  vertical  positioB. 
This  experiment  proves,  that  the  bulb  has  its  capacity  sensibly 
enlarged  by  the  thrust  of  the  mercurial  column.     When  loq; 
bars  of  wood,  iron,  or  other  metals,  are  laid  horisontal  oo 
supports,  they  bend  downwards  by  their  own  weight,  and  thii 
depression  is  increased  by  augmenting  the  incombent  pres- 
sure.   The  upper  fibres  are  therefore  drawn  into  a  narroser 
curve  than  those  at  the  middle  of  the  bar,  while  the  under 
fibres  are  extended  into  a  wider  convexity :  the  particles  of  the 
former  are  thus  contracted,  and  those  of  the  latter  distended. 
It  is  likewise  obvious,  that  in  this  incurvation,  the  contractioo 
or  dilatation  induced  will  be  proportional  to  the  thickness  of 
the  bar. 

The  various  kinds  of  wood  are  far  more  compressible  thin 
water,  and  suffer,  hence,  a  very  considerable  degree  of  conden- 
sation, or  being  let  down  to  great  depths  in  the  ocean.  Pieces 
of  oak,  ash,  or  elm,,  plunged  two  or  three  hours  in  a  calm  set, 
at  the  enormous  depth  of  a  thousand  fathoms,  and  then  drawn 
up,  have  been  found  to  contain  four-fifths  of  their  weight  of 
water,  and  to  acquire  such  increase  of  density  as  indicates  t 
contraction  of  the  wood  into  about  half  its  previous  volome. 
The  specimens  which  have  undergone  this  singular  change,  if 
thrown  into  a  pall  of  water,  will  sink  like  a  stone.  Hence 
probably  the  reason,  why  barks  lost  near  the  shore,  mn  after* 
wards  discovered  by  their  timbers  breaking  up  and  floating  to 
the  surface ;  while  the  ships  which  founder  in  the  wide  ocean, 
acquiring  permanent  density  from  the  vast  compression  they 
sustain,  remain  motionless  at  the  bottom,  and  never  rise  again 
to  disclose  their  fate. 

But  pieces  of  wood,  even  of  the  softer  kinds,  whether  round 
or  square,  may  be  easily  squeezed  in  the  direction  perpendicu- 
lar to  their  fibres,  by  the  action  of  a  common  vice.  If  allowed 
to  stand  only  a  few  minutes  under  that  compression,  and  imme- 
diately thrown  into  water,  they  will  sink  to  rise  no  more.  If 
the  wood  be  kept  much  longer  under  the  vice,  it  will  take  a  tet, 
and  become  constitutionally  denser.  Even  cork  may,  by  com- 
pression, be  made  to  sink  in  water ;  but  as  its  texture  is  nearly 
uniform,  the  force  must  be  exerted  on  all  sides.  Into  a  thick 
and  very  strong  glass  cylinder,  having  a  syringe  adapted  to  it, 
introduce  a  large  cork  ball,  and  inject  the  air  by  quick  and 
powerful  strokes;  the  ball  will  gradually  shrivel,  till  it  has 
contracted  even  to  less  than  one-third  of  its  bulk  ;  but  on 
allowing  the  charge  of  air  to  escape,  the  cork  will  speedily 
resume  its  former  shape  and  dimensions.  If  the  condenser  bo 
partly  filled  with  water,  on  which  the  ball  of  cork  is  set  to  float. 
It  will,  under  a  like  compression,  though  it  has  a  minute  por- 
tion of  the  liquid  driven  into  its  substance,  shrink  to  nesu'ly  the 
same  size  as  before,  and  soon  fall  to  the  bottom.  Hence  the 
success  of  the  common  experiment  at  sea,  of  letting  down,  in 
calm  weather,  to  the  depth  of  twenty  or  thirty  fathoms,  an 
empty  corked  bottle,  and  then  drawing  it  up  full  of  water, 
though  the  cork  still  remains  in  the  neck.  The  water  is  not  in 
this  case  forced  through  the  pores  of  the  cork  as  generally 
supposed,  but  the  cork  itself  being  condensed  by  the  lateral 
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re  of  the  incambeat  masSy  tllows  it  to  enter  by  the  side*, 
•loc]|(t>  the  air. 

ies  arc  also  contracted  or  dilated,  from  the  operation  of 
ntrrnal  rniijie.  Thus,  dry  aJr  ii  visibly  expanded  by  its 
with  intiisture.  If,  in  a  warm  rouni,  the  inside  of  a  tall 
be  wt'ttrd  by  a  few  drops  of  water,  and  the  mouth 
pd  in  a  basin  of  water,  the  contained  air,  in  proportion 
becomes  humified,  will  discharf^e  a  copious  stream  of 
fs.  Oil  the  other  hand,  a  notable  contraction  of  their 
olfime  is  produced  in  the  absorption  of  water  by  saw- 
linen,  or  bibulous  paper.  The  combination  of  cquHl 
res  uf  water  and  alcohol  is  accompanied  b\  a  contraction 
itint;  to  the  fiftieth  part  of  the  mIioIc.  A  similar  ellcct 
I  fnmi  the  solution  of  the  sulphate  of  soda,  and  other 
soluble  salts. 

alliicre  of  difl'erent  metals  often  betrays  a  larfre  contrac- 
The  power  f»f  tin  to  condense  cupper  in  Uie  composition 
nze.  was  even  remarked  by  the  ancients,  who  combined 
metals  in  various  proportions,  to  form  their  knives, 
I.  or  hatchets.  Kipial  bulks  of  tin  and  copper  arc  found 
er  a  contraction  amounting  to  not  less  than  the  fifteenth 
f  their  nhole  volume. 

quid,  in  joining;  any  solid  substance,  commonly  occasions 
eral  contraction ;  but  the  solid  itself  may  yet  by  this 
lino  expand  with  prodigious  force.  Thus  dry  peas  bein^c 
pd  int(»  a  f^un  barrel,  and  thrir  interstices  filled  with 
.  will  in  a  short  time  burst  the  barrel.  In  like  manner,  if 
's  of  soft  dry  wood  be  driven  into  sMts  made  with  a  saw 
cks  of  freestone  or  marble,  and  then  have  water  poured 
them,  these  wedg:es  mill  quickly  swell  and  rend  the  rock, 
was  the  ancient  mode  of  quarry infc,  before  the  explosive 
of  irunpowder  came  to  be  introduced.  It  is  still  prac- 
n  the  art  of  cutting  millstones  in  France,  holes  being: 
at  intervals  in  a  line  drawn  across  the  block,  and  wooden 
driven  into  them,  and  then  wetted. 

lee  if  the  side  of  a  thin  piece  of  wood  be  moistened,  it 
fnd  backwards,  the  humidity  insinuating;  itself  into  the 
arench^matous  matter  between  the  fibres,  and  therefore 
inp  the  circle  of  flexure.  The  thinner  the  wood  is  sliced, 
eater  will  evidently  be  the  incurvation  produced  by  the 
|C  of  its  convex  surface.  The  fibres  of  hair  and  viool, 
'  unequal  rubbing  and  moistening  of  their  sides,  are  made 
i  up,  and  to  condense  like  a  clue.  On  this  propcity 
to  be  really  foiiUded  the  very  important  process  of 
r.  fullin<r.  or  iVItin}?.  by  which  a  raw  web  of  woollen  cloth 
kened.  and  its  texture  rendered  firm  and  compact, 
'athern  thon:;  is  evtended  by  wettinir.  so  are  the  filaments 
1  and  hemp  :  t!iou:;h  a  cord  is  shortened  by  wet,  the 
ter  of  the  euil  bcini;  increased,  and  the  extension  of  tbe 
ippin?  fibres  curtailed.  A  spon«::e  dipped  in  hot  water, 
rawn  more  than  once  ahms  a  rope,  it  Mill  in  dry  weather 
;on,  in  one  hour,  a  contraction  of  one-twentieth  part  uf 
tole  length, — a  remarkable  property  often  ailvantaf^eously 
»yed  as  a  nieehanical  aeent.  Uut  the  m<)st  powerful 
pie  of  internal  cxpansitm.  is  the  introduction  of  heat; 
f  rm-ricies  vary  cxrcedinply  in  different  substances,  but 
can  alwa}s  be  reduced  to  calculation,  by  comparing:  its 
I  with  the  (q>poHite  tnnuence  of  external  compression. 
the  same  absolute  portions  of  heat  communicated  to 
lers  of  one>ineh  diameter  and  heic:ht,  of  air,  alcolnd, 
,  mrrcur\.  and  copper,  would  enable  those  columns 
;tively  to  sustain  the  weights  of  10,  Ti.  .1,  and  2  pounds, 
rmarkable  phenomenon,  of  considerable  importance  in 
Tacture^.  obtrudes  itself  on  our  notice  in  this  article, 
is,  the  hardness  that  certain  bodies  acquire  in  conse- 
c  of  a  sudden  contraction,  and  this  is  particularly  the 
riih  irla^s  and  some  of  the  metals.  Thus,  f^lass  vessels, 
oly  rnoled  after  ha^injr  been  formed,  are  so  very  brittle, 
liry  hardlv  bear  to  be  touched  with  any  hard  body.  The 
of  i!:i<«  inav  be  thus  expUined  :  when  class  in  fusion  is 
addenl\  cooled  its  external  parts  become  solid  first,  and 
nine  the  ina:;nitude  of  the  whole  piece,  while  it  still 
ns  fluid  within.  The  internal  part,  as  it  cools,  is  disposed 
itrart  still  further,  but  its  eont taction  is  prevented  by  the 
inee  of  the  external  parts,  which  form  an  arch  or  vault 
it,  f o  that  the  w  hole  is  left  iu  a  state  of  coostraiut ;  and 
M. 


as  sooo  as  the  equilibrium  it  diaturbed  in  any  one  part,  the 
whole  a^pcre}(ate  is  destroyed.  Ilenee  it  becomes  necessary  to 
anneal  all  glass,  by  plaeinfc  it  in  an  oven^  where  it  is  left  to 
cool  slowly ;  for,  without  this  precaution,  a  very  slight  cause 
would  destroy  it.  The  Bologna  jars,  sometimes  called  proofs, 
are  small  thick  vessels  made  for  the  purpose  of  exhibitinr  this 
effect :  they  are  usually  destroyed  by  the  impulse  of  a  small 
and  sharp  body  ;  for  instance,  a  single  grain  of  sand,  dropped 
into  them,  and  a  small  body  appears  to  be  often  more  effectual 
than  a  larger  one;  perhaps  because  the  larger  one  is  more 
liable  to  strike  the  glass  with  an  obtuse  part  of  its  inrface. 

CoNTR\cTiON',  in  Physics,  the  diminishing  the  extent  or 
dimensions  of  a  bod>,  or  the  cau.sing  its  parts  to  approach 
nearer  to  each  other,  in  which  sense  it  stands  opposed  to  dila- 
tation or  expansion.  Water  and  all  aqueous  fiuids  are  gradually 
contracted  by  a  diminution  of  temperature,  until  they  arrive  at 
a  certain  point,  which  is  about  b"  above  the  freezing  point  : 
but  below  that  point  they  begin  to  expand,  and  continue  to  do 
so  according  as  the  temperature  is  low  vred  ;  and  similar  elTects 
ha\e  been  observed  with  regard  to  some  metals. 

CONTH.A.II.VHMOMCAL  Proportion,  in  Arithmetic,  is 
that  relation  uf  three  terms,  wherein  the  dilferenee  of  the  first 
and  second  is  to  that  uf  the  second  and  third  as  the  third  is  to 
the  first. 

CONTRAVALLVTION,  in  the  Military  Art,  is  a  line  formed 
in  the  same  manner  as  that  of  cireumvallation,  to  defend  the 
besiegers  against  the  sallies  of  the  garrison. 

CoNTRA\  ILLATION,  or  the  Line  of  Coutraritllation^  in  FnrtifL* 
eation,  a  trench  guarded  with  a  parapet,  and  usually  cut  round 
about  a  place  by  the  besiegers,  to  secure  themselves  on  that 
side,  and  to  stop  the  sallies  of  the  garrison.   »SVr  FoKTiMCArioN. 

CONTKOLLEK,  an  oflicer  appointed  to  control  or  o\erser 
the  accounts  of  other  officers,  and,  on  occasion,  to  certify 
whether  or  no  things  have  been  controlled  or  examined.  In 
England,  we  have  several  officers  of  this  name— controller  of 
the  king's  house,  controller  of  the  navy,  controller  of  the  cus- 
toms, controller  of  the  mint,  &c. 

CONTUMACY,  in  Law,  a  refusal  to  appear  in  court  when 
legally  summoned,  or  the  disobedience  of  the  rules  and  orders 
of  a  court  ha\ing  power  to  punish  such  an  otfenee.  In  Kni:> 
land,  contumacy  may  be  prosecuted  to  outlawry. 

CONVENTICLE,  a  private  assembly  or  meeting,  for  the 
exercise  of  religion.  The  word  was  first  attributed  as  uti 
appellation  of  reproach  to  the  religions  assemblies  of  Wieklifli. 
in  this  nation,  in  the  reign  of  Edward  III.  and  Richard  II..  and 
was  afterwards  applied  to  illegal  meetings  of  noneonformists. 

CONVENTION,  a  treaty,  contract,  or  agreement,  betwri-i 
two  or  more  parties.  Every  eon\entiim  among  men.  pnnidnl 
it  be  not  contrary  to  honesty  and  good  manners,  pn»duces  t 
natural  oblig:ttion.  and  makes  the  performance  a  point  ft* 
conscience.  Every  convention  has  either  a  name  and  a  causi- 
of  consideration,  (»r  it  has  none;  in  the  first  case,  it  obli'.:e< 
ci\illy  and  naturally,  in  the  latter  only  naturally. 

("loNVkNTioN,  is  also  a  name  given  to  an  extraordinary 
assembly  of  parliament,  or  the  states  of  the  realm,  had  without 
the  king's  writ;  as  was  the  convention  of  estates,  who,  upon 
the  retreat  of  James  II.  eame  to  a  eonelusion,  that  he  h.vd 
abdicated  the  throne,  and  that  the  right  of  succcNsiou  devolvi  il 
to  King  William  and  Queen  Mary;  whereupon  their  assembly 
expired  as  a  convention,  and  was  converted  into  a  parliament. 

CONVEUtiKNT.  or  Co\VF.R(ii\(;.  the  tendency  of  different 
thincs,  variously  disposed,  to  one  common  point.  It  is  al.^t* 
sometimes  used  to  denote  an  approximation  ti>wards  the  real 
value  of  a  thing. 

CoNvi  KfiiNo  Linrt,  those  which  tend  to  a  common  point. 

CoNvi.KuiNci  iiaift^  those  which  tend  to  a  common  fnrus. 

CnwERCfiNu  .SVriri,  those  sericf  whose  terms  continually 
diminish.     See  Skrifs. 

Cf  IN  VERSE,  in  Mathematics,  commonly  sisrnifies  the  san:*- 
thing  as  revtrte.  Thus,  one  proposition  is  called  the  cimvefs*- 
of  another,  when,  after  a  conclusion  is  drawn  fn^m  snmethin:; 
supposed  in  the  converse  proposition,  that  conclusion  is  sup- 
po.sed;  and  then,  that  which  in  the  other  was  supposed,  is 
now  drawn  ns  a  conclusion  from  it :  thus,  when  two  sides  of  a 
triangle  are  equal,  the  angles  under  these  sides  arc  equal:  and,  on 
I  the  converse,  if  these  angles  are  equal,  the  two  sides  are  equal. 
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Convene  pvopoMtioiii^Mre  not  nteatfaiilf  true,. bat  reqvira 
a  demoDttnilion ;  and  Budid  alwajFS  dBmoiiitMte»  snoii  a»  fat 
baft  occasion  for.  An  iastaoee  or  two  will  shew  this;  If  two 
rightrliaed  figures  are  so  exactly  of  a  Me  and  form  (both 
respecting  their  sides  and  angles)  that  being,  laid  one  on  the 
other,  their  boundary  lines  do  exactly  coincide  and.  agree, 
then  no  one  doubts  thai  these  figaresare  eqnaL  Now  try  the 
eonverse.  If  two  right-lined  figurAS  a«o  equal,  then  if  they  be 
laid  the  one  on  the  other,  theii  boundary  tines  exactly  coincide 
and  agree.  It  is  manifest  that)  this  proposition,  though  the 
conTerse  of  the  former,  is  by  no  means  true*  A  triangle  and  a 
SQoare  may  have  equal  areas;  but  it  is  impossible  tiie  sides 
ot  the  former  can  all  coincide  with- those  of  the  latter.  Again, 
if  two  triangles  have  their  sidesrespeotiTely  eqoal,  their  angles 
will  also  be  respectively  equal,  by  Euc  L  8.  But,  if  two  tri- 
angles have  their  angles  respectively  equal,  it  does  not  follow 
that  the  sides  will  be  respectively  equal :  this  may  or  may  not 
be  true,  according  to  circumstances.  Converse  propositions, 
therefore,  need  a  proofv  notwithstanding  this  has  been  termed 
superfluous  and  impertinent  by  Emerson  and  some  others. 

CONVERSION  of  Proportion,  iswhen,of  four  proportionals, 
it  is  inferred  that  the  1st  Is  to  its  eacess  above  the  2d,  as  the 
3d  to  its  excess  above  the  4th. — Convbrsiqn,  Centre  o^  in 
Mechanict,    See  Cestre  o(  Conversion. 

CONVEX,  round  or  curved,  or  protuberant  ootwardis,  as 
tho  outside  of  a  globular  body. 
I        CONVEXITY,  the  exterior  or  outward  surface  of  a- convex 
or  round  body. 

CONVEXO-CoNCAVB  Lbns>  is- one  that  is  convex  on>  one 
side,  and  concave  qu  the  other.^CoNVBXO-Ctmsex  Lens-,  ia  one 
that  is  convex  on  both  sides. 

CONVEYANCE,  in  Law,  a  deed  wldoh  passes  fhim  one  or 
more  persons  to  others. 

CONVICT,  in  Common  Law,  a  person  that  is  found' guilty  of 
an  ofience  by  the  verdict  of  a  jury.  The  law  implies,  tliat 
there  must  be  a  conviction  before  punishment  for  any  offence, 
though  it  be  not  mentioned  in  any  statute.  On. a  joint  indict- 
ment, or  information,  some  of  the  defendants  may  be  oonvicted, 
and  others  acquitted. 

Convict  Recusant^  a  person  who  has  been  legally  presented, 
indicted,  and  convicted,  for  refusing  to  come  to  church  to  hear 
the  common  prayer,  according  to  the  statutes  I  and  23  EUz. 
and  3  Jac.  I. 

CONVOCATION,  an  assembly  of  the  clerg;f  of  England,  by 
their  representatives,  to  consult  of  ecclesiastical  matters.  It 
is  held  during  the  session  of  parliament,  and  consists  of  an 
upper  and  lower  house.  In  the  upper  sit  the  bishops,  and  in 
the  lower  the  inferior  clergy.  The  convocation  is  now  a  mere 
form,  and  never  enters  upon  business. 

CONVOLVULUS,  Bind-Weed,  a  genus  of  the  pentandria 
class  and  monogynia  order,  in  the  natural  method  ranking 
under  the  29th  order,  oampanaceae,  of  which  there  are  110 
species. 

CONVOY,  in  Marine  affairs,  one  or  more  ships  of  war, 
employed  to  accompany  and  protect  merchant  ships,  and  pre* 
-vent  their  being  insulted  by  pirates,  or  the  enemies  of  the  state 
in  time  of  war. 

Convoy,  in  Military  matters,  a  body  of  men  that  guard  any 
supply  of  men,  money,  ammunition,  or  provisions,  conveyed  by 
land  into  a  town,  army,  or  the  like,  in  time  of  war. 

CONVULSION,  a  preternatural  and  violent  contraction  of 
the  membraneous  and  muscular  parts  of  the  body. ' 

CONUS,  in  Natural  History,  a  genus  of  Vermes  Testacea, 
is  divided  into  five  distinct  families.  There  arc  upwards  of 
aeventy  species  enumerated.  Many  of  the  conus  tribe  are 
beautiful  shells,  and  bear  a  high  price  on  account  of  their 
rarity.  We  have  no  species  of  this  genus  upon  the  English 
coast  Some  very  curious  kinds  have  been  discovered  in  a 
fossil  state  in  England,  chiefly  in  the  chalk  cliffs  of  Hampshire. 
COOKERY,  or  Cooking,  the  exercise  of  art  in  the  prepara- 
tion of  food  for  human  sustenance.  It  consists  not  only  in  the 
appUoation  of  heat  under  various  modifications  and  circum* 
inuioes,  but  also  in  the  due  intermixture  of  condiments,  calcu- 
lated as  well  to  please  the  palate  as  to  promote  nutrition.  The 
oxeroise  of  this  art  is  peculiar  to  man,  and  it  has  been  deemed 
Vy  naturalists  one  of  his  peculiar  characteristics,  that  he  is  *'  a 


cooUDg  aniomL^  DR.e«lle»  Myv;  thai  tlw  tooHiag  oTvvgv^ 
tables  by  boilings  renders  them  more  solnM^  fci'  lb*  atomaeby 
ttotwitfastanding  thts  degree  of  aoagalatlmi'  wbieb  llieir  Jaiees 
undergo.  In  the-  seooiMl  piaoe^  the  applksatioii  of  a  boWag 
heat  dissipatea  the  volatBo:  part*  of  vegetable  i abatuees, 
which  are  seldom  of  a  nutritious  nature,  but,  in  auiny  cases, 
have  a  tendency  to  pro^re  noaioas*  in  thetfiMplbce,  baiHiig 
helps  to  extricate  a  considerable  ipiantity  af  air>  that,  in  the 
natural  state  of  ve^tables,  is  always  fixed  in  their  sobstanee; 
and  it  is  probably  m  this  way,  especially,  thatheat  ooatribntei 
to  the  dividing  and'  loosening  the  cohesiott  of  their  smaller 
parts.  Thus,  diey  are  rendered  less  Uable  toilbrmeat,  and  to 
produce  that  flatulence  which  it  so  troublaaome  to  weak 
stomachs. — In  tiiie  cookery  of  animal  snbsteneea,'some  praetiees, 
previous  to  the  application  of  heat,  are  to-  be  omiaJdered  at 
affecting  the  solubility  in  the  stomaidi;paHionlarly  salting  and 
pickling.  These  pnocesses  are  spoken  of  under  «tbe  artiele 
Condiments. 

The  cookery  of  animal  substances  is*  of  two  kind*,  as  it  is 
applied  in  a  humid  form  in  boiling  and  stewing ;  or  in  a  dry 
form,  in  roasting,  broiling,  and*  baking.    By  the  joint  applii^ 
tion  of  heat  and  moisture  to  meat  in  boiliag,  the  texture  is 
rendered  more  tender  and  soluble  in  thestemach;  and  it  is 
only  in  thia  way  that  the  firmer  parts,  aa  tbe'«tendhieas,  liga- 
mentous, and  membranous  parts,  oan  be  daly  softened,  and 
their  gelatinous  substance  rendered  snbsenrient  to  nutrition. 
Yet  these  effbcts  are  different  according  to  the  degree  of  boil-* 
ing.   A  moderate  boiling  may  render  their  texture  more  tender^ 
without  much  diminution  of  their  nntritioaa-quall^ ;  bat  if  t 
boiling  is  extended  to  extract  every  thing  sola  hie,  ue  snbstai 
remaining  is  certainly  less  soluble  in  the  stomach,  and  at 
same  time  much  less  nutritious.    But  as  boiling  extracts,  io^ 
the  first  place,  the  more  soluble,  and  therefore  the  saline  parts  ^ 
so,  what  remains  is,  in  proportion,  less  alkalesoent,  and  les^ 
heating  to  the  system. 

BbiUng  in  digesters,  or  vessels  accurateiy  closed,  prodooe^ 
effects  very  different  from  boiling  in  open  vessels.    Fron  menT 
cooked  in  the  latter,  there  is  no  exhalation  of  volatile  parts  ; 
the  solution  is  made  with  great  success,  and  if  not  earned  very 
far,  the  meat  may  be  rendered  very  tender,  while  it  still  retains 
its  most  sapid  parts ;  and  this  is  esteemed  always  the  most 
desirable  state  of  boiled  meat    If  a  small  qnantiQr  of  water 
only  is  applied,  and  the  heat  continued  long  in  a  moderats 
degree,  the  process  is  called  stewing,  which  has  the  effect  <k 
rendering  the  textqre  of  meat  more  tender,  withoat  extnietiaif 
much  of  the  soluble  parts.    This,  therefore,  leaves  the  meat 
more  sapid,  and  in  a  state  perhaps  the  most  nouriahing  of  aoy 
form  of  cookery,  as  we  learn  from  the  admirable  essays  and 
experiments  of  Count  Rumford,  who  found  very  unnsaal  elfeets 
produced  on  meat,  by  a  low  degree  and  long  continned  actkm 
of  beat,  both  in  the  dry  and  humid  way. 

The  application  of  a  dry  heat  in  the  cookery  of  meat  ia  of  two 
kinds,  as  it  is  carried  on  in  close  vessels,  or  as  it  exposed  to 
the*  air.  The  first  of  these  which  we  shall  consider,  is  baking. 
In  this  practice,  meat  has  generally  a  covering  of  paste,  by 
which  any  considerable  exhaJation  is  prevented,  and  the  reten- 
tion of  the  juices  renders  the  meat  more  tender.  In  all  oases, 
when  the  heat  applied  loosens,  and  in  some  measure  extricates, 
the  air  without  exhaling  it,  the  substance  submitted  to  this 
process  is  rendered  more  tender  than  when  an  exhalalicB  ia 
allowed.  In  broiling,  an  exhalation  takes  place,  but  as  the 
heat  of  a  naked  fire  is  more  neariy  applied,  the  outer  snriaoe 
is  in  some  measure  hardened  before  the  heat  penetrates  the 
whole,  and  thereby  a  great  exhalation  is  prevented,  while  tba 
whole  is  rendered  sufficiently  tender ;  but  this  kind  of  eookery 
is  suited  to  meats  that  are  chosen  to  be  eaten  a  little  raw. 
Nearly  akin  to  this  is  the  practice  of  frying,  in  whieh  the  meat 
being  cut  into  thin  slices,  and  laid  in  a  pan  over  the  naked  fire, 
the  heat  is  applied  more  ecinally  to  tho  whole  snbttanoe.  Bot 
as  the  part  of  the  meat  lying  next  to  the  bottom  of  the  vessel 
would  be  suddenly  hardened  by  the  heat,  it  is  alwi^  neeosiify 
to  interpose  some  fluid  matter,  usually  of  an  oily  qnality,  aa 
butter.  A  strong  heat  i^pplied  to  the  latter  rendm  it  empy- 
reumatic,  or  at  least  less  miscible  with  the  fluids  of  the  aJemach  s 
so  that  all  fried  meats  are  less  easily  digested  than  thoaoof  nay 
other  preparation.    Sometimei,  indeed^  the  aame 
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in  contact  with  the  copper  siieathiim:,  by  which  it  is  expected 
that  the  copper  will  be  reI^dered  so  negatively  electrical,  that 
the  sea  water  will  act  bat  slightly  upon  it. 

COPULA,  in  Logic,  the  verb  which  connects  any  terms  in  an 
affirmative  or  negative ;  as  riches  make  a  man  happy,  where 
the  word  make  is  the  copula. 

COPULATIVE  Proportions,  are  those  wherein  the  sub- 
ject and  predicate  are  so  joined  by  copulative  conjunctions, 
that  they  may  be  severally  affirmed  or  denied  of  one  another. 

COPYHOLD,  in  Law,  a  tenure  for  which  the  tenant  has 
nothing  to  shew  but  the  copy  of  the  rolls  made  by  the  steward 
in  the  lord's  court. — The  customs  of  manors  differ  as  much  as 
the  humour  and  temper  of  the  respective  ancient  lords ;  so  a 
copyholder  by  custom  may  be  tenant  in  fee-simple,  in  fee-tail, 
for  life,  by  the  courtesy,  in  dower,  for  years,  at  sufferance,  or 
on  condition;  subject,  however,  to  be  deprived  of  these 
estates  upon  the  concurrence  of  those  circumstances  which  the 
will  of  the  lords,  promulged  by  immemorial  custom,  hath 
declared  to  be  a  forfeiture,  or  absolute  determination,  of  those 
interests  ;  as  in  some  manors  the  want  of  issue,  in  others  the 
want  of  issue  male,  in  others  the  cutting  down  timber,  in  others 
the  non-payment  of  rent  or  fine.  Yet  none  of  these  interests 
amount  to  freehold ;  for  the  freehold  of  the  whole  manor 
abides  always  with  the  lord  only,  who  hath  granted  out  the  use 
of  occupation,  but  not  the  corporeal  seizin,  or  true  possession 
of  certain  parts  or  parcels  thereof,  to  these  his  customary 
tenants  at  will.  If  a  person  would  devise  a  copyhold  estate, 
he  cannot  do  it  by  his  will,  but  he  must  surrender  to  the  use  of 
his  last  will  and  testament,  and  in  his  will  declare  his  intent ; 
and  here  the  lands  do  not  pass  by  the  will,  but  by  the  surren- 
der thus  made.  Copyhold  inheritances  have  no  collateral 
qualities,  which  do  'not  concern  the  descent,  as  to  make  them 
assets  to  bind  the  heir,  or  whereof  the  wife  may  be  endowed, 
&c.  They  are  not  extendible  in  execution,  but  are  within  the 
acts  against  bankrupts,  and  the  statutes  of  limitation. 

COPYRIGHT,  the  right  which  an  author  may  be  supposed 
to  have  in  his  own  original  literary  compositions ;  so  that  no 
other  person,  without  his  leave,  may  publish  or  make  profit  of 
the  said  compositions. 

CORACIAS,  the  Roller,  a  genus  of  birds  of  the  order  of 
picse,  of  which  there  are  sixteen  species,  though  some  are  only 
supposed  to  be  varieties. 

CORALLINA,  or  Coral,  a  genus  belonging  to  the  order  of 
vermes  zoophyta.  The  species  are  distinguished  by  the  form 
of  their  branches,  and  are  found  in  the  ocean  attached  to  stones, 
bones,  shells,  &c.  The  corals  were  formerly  believed  to  be 
vegetable  substances,  but  are  now  known  to  be  only  a  conge- 
ries of  animals.  The  islands  in  the  South  Seas  are  mostly 
coral  rocks  covered  over  with  earth.  The  little  creatures,  which 
have  hardly  sensation  enough  to  distinguish  them  from  plants, 
build  up  a  rocky  structure  from  the  bottom  of  the  sea,  till  it 
reaches  the  surface.  Some  of  the  coralline  islands  are  much 
older  than  others,  and  it  is  probable,  that  as  these  submarine 
works  are  continually  going  on,  new  islands  may  be  occasionally 
produced. 

CORALLINES,  in  Natural  History,  were  formerly  reckoned 
plants,  but,  in  the  Linnaean  system,  are  placed  in  the  class 
zoophytae,  and  defined  to  be  submarine  plants,  like  bodies  con- 
sisting of  many  slender  finely  divided  and  jointed  branches,  or 
animals  growing  in  the  form  of  plants,  having  their  stems  fixed 
to  other  bodies,  which  stems  are  composed  of  capillary  tubes, 
whose  extremities  pass  through  a  calcareous  crust,  and  open 
into  pores  on  the  surface.  The  branches  are  often  jointed,  and 
always  subdivided  into  smaller  branches,  which  are  either 
loose  and  unconnected,  or  jointed  as  if  glued  together.  They 
are  distinguished  from  plants  by  their  texture  and  hardness ; 
they  also  yield  in  distillation  volatile  salt,  and  their  smell 
when  turbid  resembles  that  of  horns,  and  other  animal  sub- 
stances. The  corallines  are  distributed  into  the  vesiculated, 
tubular,  celliferous,  and  articulated  winds. 

CORALS,  consist  of  nearly  equal  portions  of  carbonate  of 
lime  and  animal  matter. 

CORBEILS,  in  Fortification,  are  baskets  filled  with  earth, 
and  so  placed  on  the  parapet,  or  elsewhere,  as  to  leave  open- 
ings through  which  to  fire  upon  the  enemy  without  being 
discovered. 


CORD,  MaoicaL|  an  instniment  in  great  ase  among  tha 
Laplanders,  and  svpposed  to  possess  considerable  virtaes  in 
certain  magical  rites  and  ceremonies.  When  propffrly  pre- 
pared with  knots,  it  is  supposed  to  have  power  over  the  winds, 
and  by  means  of  it  they  will  sell^a  favourable  wind  to  any  one 
that  has  faith  enough  to  become  a  purchaser.  If  they  untie 
only  one  of  these  knots;  a  moderate  gale  is  to  socceed ;  if  two, 
it  is  much  stronger,  and  if  three,  there  is  to  be  a  storm. 

CORDAGE,  a  general  term  for  the  running-rigging  of  a  ship, 
as  also  for  the  rope  which  is  kept  in  reserve  to  supply  the 
place  of  such  as  may  be  rendered  unserviceable. 

CORDON,  in  Fortification,  a  row  of  stones  made  round  on 
the  outside,  and  set  between  the  wall  of  the  fortress  which  lies 
aslope,  and  the  parapet  which  stands  perpendicular. 

CORDWAINERS,  a  term  applied  to  the  profession  of  shoe- 
makers, and  by  which  they  are  incorporated.  The  word  is 
formed  from  the  French  cordonnier,  and  that  from  cordovan,  a 
kind  of  leather  brought  from  Cordova  in  Spain. 

CORIANDRUM,  Coriander,  a  genus  of  the  digynia  order 
in  the  pentandria  class  of  plants,  and  in  the  natural  method 
ranking  under  the  45th  order  umbellatae.  There  are  only  two 
species,  both  herbaceous  annuals,  the  leaves  of  which  are 
useful  for  culinary  and  the  seeds  for  medicinal  purposes.  The 
l()aves  of  both  species  resemble  those  of  parsley  ;  but  only  one  is 
cultivated,  namely,  the  sativum,  which  has  a  small  white  fibrous 
root  crowned  by  many  parted  leaves  wiUi  broad ish  segments ; 
in  the  centre  is  an  upright  branchy  stalk,  two  feet  high,  having 
all  the  branches  terminated  by  umbels  of  flowers,  which  are 
succeeded  by  globular  fruit.  It  is  propagated  by  seed  sown 
in  March.    The  seeds  are  carminative,  and  stomachic. 

CORONA  AUSTRALIS,  the  Southern  Crown,  is  an  asterism. 
interwoven  with  Sagittarius,  and  appearing  like  a  wreath  oi 
foliage  round  one  of  the  fore  legs  of  the  fabulous  Centaur.^ 
There  are  twelve  small  stars  in  this  constellation. 

CORONA  BOREALIS,  the  Northern  Crown.    This  constel^ 
lation  represents  a  beautiful  crown  given  by  Bacchns,  it  is  said« 
to  Ariadne,  the  daughter  of  Minos,  second  king  of  Crete. 
Bacchus,  continues  the  fable,  married  Ariadne,  a^er  she  wa^ 
basely  deserted  by  Theseus,  king  of  Athens;  and  after  her 
death,  the  crown  that  Bacchus  had  given  her,  was  made  a 
constellation.    This  asterism  was  known  to  the  Hebrews  by 
the  name  of  Ataroth,  and  by  this  name  the  stars  in  Corona 
Borealis  are  so  called  to  this  day  in  the  East. 

Boundaries  and  Contents. — This  constellation  lies  between 
Bootes  and  Hercules,  and  is  easily  known  by  four  stars,  a,  7,  ^f. 
forming  a  crescent.  It  contains  21  stars,  of  which  a,  calJed 
also  Gemmoy  is  of  the  2d  magnitude.  Gemma  rises  N.  E.  bv 
N.  f  E.  and  has  27^  19^  39f  of  north  declination,  and  231^  4ff  21' 
of  right  ascension.  There  are  likewise  six  stars  of  the  4th 
magnitude,  and  the  others  are  less  in  size.  Meridian  altitude 
of  a,  65°  48'  39". 

CORK,  is  a  substance  analogous  to  wood;  it  is  the  exterior 
bark  of  a  tree  belonging  to  the  genus  oak,  which  grows  wild  in 
the  southern  parts  of  Europe.  When  the  tree  is  fourteen  or 
fifteen  years  old  it  is  fit  to  be  barked,  and  may  be  done  suc- 
cessively for  several  years.  The  bark  always  grows  up  again, 
and  its  quality  improves  as  the  age  of  the  tree  increases.  If 
the  bark  is  not  taken  off  in  due  time,  it  splits  and  peels  off 
of  itself,  being  pushed  away  by  the  second  growth.  The  best 
bark  comes  from  Spain  and  Portugal ;  it  is  liiken  off  in  sheets, 
care  being  used  in  keeping  them  as  large  as  possible.  After  it 
is  detached  from  the  tree  the  Portuguese  burn  or  char  it,  laying 
the  convex  side  of  the  bark  to  the  fire,  in  order  to  straighten 
and  swell  it.    It  is  then  piled  in  stacks  ready  for  sale. 

Cork  is  formed  into  soles  for  shoes,  into  corks  and  bungs  for 
stopping  bottles,  &c.  into  a  floatage  for  the  nets  of  fishermen ; 
it  is  employed  generally,  though  perhaps  with  a  considerable 
degree  of  error,  in  teaching  the  art  of  swimming ;  it  is  also 
ingeniously  used  on  account  of  its  lightness,  when  an  amputa- 
tion of  the  human  leg  has  been  necessary,  to  supply  the  defi* 
ciency.    The  Spaniards  line  stone  walls  with  it,  which  not  only 
renders  their  houses  very  warm,  but  corrects  the  moisture  oC 
the  air;  the  Egyptians  made  coffins  of  it,  which  beinr  eovered 
in  the  inside  with  a  resinous  composition,  preserved  their  dead 
bodies.    It  is  burnt,  to  make  that  light  black  substance  called 
Spanish  black,  from  its  having  been  first  made  in  Spain.  Cork 
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CORUSCATION,  a  gleam 'of  Kglit  isBonq^  Avm-anj*  4111119. 
It  is  chiefly  ased  for  the  electrical  flaid,  wheh  it  beeomei 
Tisible,  as  theflash  of  lightaiiigvtew     .<:  i*    *  '   >-<     i' 

CORVUS,  the  Crow,  oDe^theioM  eoMtalllUions^  lies  sooth 
of  Virgo,  north  of  Hydra,  oast  of-^Cifater,  ancl  werit  of  Hydra 
Continaa.  This  constellatioii  is  shid  to/haveiits  name  fhnn 
the  orow  into  which  Apolio  metamorphosed  himself  when  he 
escaped  from  the  giant  Typhseus.  Castor  and  Apolio  were  the 
same.  Typhsens  and  Typhon  are  the  same.  The  Crow  rises 
in  the  east,  when  the  Twins  come  to  the  meridian.  Typhon 
was  a  type  of  the  lower  hemisphere ;  the  Crow  then  was  the 
symbol  of  the  Twins,  having  possession  of  the  meridian. 

CoRVUS,  the  raven  or  crow  kind,  a  genasof  birds  of  the  order 
of  picse.  There  are  19  species,  the  prioctpal  of  which  are, 
1.  The  corax  or  raven.  2.  The  corone  ot  carrion  crow,  very 
much  resembles  the  raven  in  form  and  habits.  3.  The  fmgile- 
gns  or  rook,  is  the  corvns  of  Virgil ;  no  other  species  of  this 
kind  being  gregarious.  4.  The  oomix  or  Royston  crow  in  its 
habits  resembles  the  rook,  feeding  on  instots,  and  flying  in 
great  flocks.  6.  The  dauricus,  or  whit^-breasDed-  crow.  6. 
The  monedula,  or  jackdaw,  weighs  about  nine  oqaces.  7.  The 
glandarios,  or  jay,  is  one  of  the  moat  beaatifui  of  British  birds. 
8.  The  caryocatactes,  or  nat-cracker,  is  less  than  the  jackdaw, 
the  general  coloar  of  the  body  is  of  a  rasty  brown,  and  the 
wings  are  black,  with  white  spots.  These  birds  seldom  visit 
England,  bat  abound  in  Germany,  d.  The  pica,  or  magpie,  in 
its  manners  approaches  near  to  the  crow,  feeding  both  on 
animal  and  vegetable  food.  10.  The  graculot,  or  red-legged 
crow,  is  of  a  slender  make,  active  and  thriving,  much  taken 
with  glitter,  and  apt  to  catch  up  lighted  sticks,  whereby  it  has 
been  even  known  to  set  houses  on  fire  It  is  found  in  Corn- 
wall, North  Wales,  and  Scotland.  11.  The  cristatos,  or  blue 
jay,  is  smaller  than  the  common  jay.  This  species  is  peculiar 
to  North  America.  12.  The  Canadensis  is  a  small  bird,  the 
general  colours  of  which  are  yeUow*white,  blaokish-brown,  and 
a  pale  ash.  These  birds  inhabit  Canada  and  Hudson's  Bay, 
where  they  are  called  whiskijohn  and  whiskijack;  - 

CORYLUS,  the  Hazel,  a  genus  of  the  polyandria  order,  in 
the  monoecia  class  of  plants ;  which  in  the  natural  method 
ranks  under  the  60th  order,  amentaoeae.  There  are  three  spe- 
cies, all  of  the  shrub  kind,  having  several  varieties,  Yaluable 
for  their  nuts,  and  their  usefulness  in  copses  and  hedges.  The 
wood  is  useful  for  poles,  hoops,  spars,  handles^  fishing  rods, 
&c.  A  kind  of  chocolate  has  been  prepared  of  the>  kernels  of 
the  nuts ;  and  the  oil  expressed  from  them  is  nsed  by  painters 
and  chemists. 

COS,  the  Whetstone^  a  genus  of  vitresceat  stones';  of  which 
there  are  several  kinds,  some  consisting  of  rougher,  and  others 
of  smoother  particles ;  and  used  not  only  for  whetstones,  but 
also  for  mill-stones  and  other  purposes. 

COS-TURCIA,  Turkey  Stone,  a  species  of  stones  of  the 
garnet  kind,  and  of  the  siliceous  class.  It  is  of  a  dull  white, 
and  often  of  an  unequal  colour.  It  strikes  Gre  with  steel,  and 
effervesces  with  acids.  It  is  used  as  a  whetstone,  and 
those  of  the  finest  grain  are  the  best  hones  for  cutting  tools, 
razors,  lancets,  &c. 

COSMETIC,  in  Physic,  any  medicine  or  preparation  which 
renders  the  skin  soft  and  white,  or  helps  to  beautify  and  im- 
prove the  complexion,  as  lip-salves,  cold  creams,  ceruss,  &c. 
^  COSMICAL,  an  astronomical  term  for  one  of  the  poetical 
risings  of  a  star ;  thus  a  star  is  said  to  rise  cosmically  when  it 
rises  with  the  sun. 

COSMOGONY,  the  science  of  the  formation  of  the  uni- 
verse ;  or  that  which  discusses  the  particulars  of  the  creation 
of  the  world. 

COSMOGRAPHY,  a  description  of  the  several  parts  of  the 
visible  world ;  or  the  art  of  delineating  the  several  bodies, 
according  to  their  magnitudes,  motions,  &c.  It  consists  of 
two  parts — geography  and  astronomy. 

COT,  in  Naval  affairs,  a  particular  sort  of  bed-frame,  sus- 
pended from  the  beams  of  a  ship,  for  the  officers  to  sleep  in. 
It  is  made  of  canvass,  sewed  in  the  form  of  a  chest,  about  six 
feet  long,  one  foot  deep,  and  two  or  three  vride,  and  is  extended 
bj  a  square  wooden  frame,  with  a  canvass  bottom,  on  which 
the  bed  or  mattress  is  laid.  It  is  reckoned  much  more  con* 
Teaient  at  sea  than  either  the  hammocks  or  fixed  oabiiuL 


•€K)nY>N<>i4  the  produce  of  the  gossypinni,  a  plant  abost 
the  shw  of  a  currtuAt  bush,  a  native  of  the  torrid  sone,  thoogh  H 
is  proda^ied  in  patts  of  Turkey,  so  far  as  44  or  46  de^ees  from 
theeqtmtor.    The  finest  cotton  is  kkiown  b^the  name  lof  Mart's- 
daw,  from  its  singular  appearaAce  when  it  hvealcs  the  pod. 
This  kind  was  accidentally  discdverod  at  the  island  of  Bour- 
bon, and  was  supposed  to  have  been  introduced  among  sdme 
seed  sent  from  South  America  to  the  Mauritius.    The  soil 
should  be  extremely  well  prepared,  and  of  the  best  <|aality,  for 
the  reception  of  cotton  seed,  which  is  usually  sown  m  Novem- 
ber or  December,  after  the  periodical  rains  in  tropical  climates, 
and  ripens  in  May  or  June ;  when  the  numerous  pods,  which 
are  about  the  size  of  large  gooseberries,  break,  and  display  their 
downy  contents.    These  are  picked,  and  after  the  busks  have 
been  disengaged,  the  cotton  is  pot  into  a  small  mill,  consistiog 
of  two  bright  steel  rollers,  each  about  an  inch  in  diameter,  set 
parallel  within  the  distance  of  about  the  20th  part  of  an  inch. 
These  rollers  move  different  ways,  and  draw  the  cotton  through 
between  them,  while  the  seeds  are  forced  out  of  the  respective 
little  balls  of  down  in  which  they  are  enclosed,  and  drop  into  a 
bag.    The  generality  of  cotton  is  white ;  but  some  is  of  a  nan- 
keen colour,  and  is  invaluable  in  the  manofacture  of  that 
article,  as  it  fades  very  little,  even  with  long  use  and  frequent 
washing.    The  elasticity  of  cotton  is  inconceivable!    It  may  be 
pressed  into  a  50th  part  of  the  space  into  which  the  strongest 
packers  can  reduce  it  by  personal  exertion :  large  scrcivs  are 
erected  at  many  sea-ports  where  cotton  is  shipped,  for  th»> 
purpose  of  bringing  the  bales  into  the  smallest  compass,  so  ask 
to  save  freight.    Cotton  can  only  be  imported  as  a  raw  mate — 
rial,  in  which  form  it  comes  to  us  from  the  Levant,  the  Wesflc 
Indies,  America,  and  the  East  Indies.    In  the  last  quarter..* 
there  are  some  kinds  indigenous,  but  some  are  exotics.    It  is  a^ 
highly  dangerous  cargo,  being  very  subject  to  take  fire  if  at  aLS 
damp  when  packed,  or  if  the  smallest  spark  should  reach  it ;  iK» 
either  case,  it  will  burn  very  slowly  for  weeks ;  but  when  th^ 
hold  is  opened,  and  air  supplied,  bursts  forth  with  inconceiir^ 
able  fury.    There  is  a  species  of  silky  down  produced  in  pod^^ 
(similar  to  those  of  the  cotton  plant,)  on  a  very  large  tree, 
called  the  seemul.    It  is  only  fit  to  fill  beds.    Specimens  of  if 
have  passed  through  various  hands ;  but  this  kind  of  cotton  u 
so  peculiarly  glossy,  and  the  fibre  so  short,  that  it  could  neither 
be  carded  nor  spun.    When  mixed  with  rabbit's  fur,  &c.  to 
make  hats,  it  is  always  separated.    It  also  failed  in  paper- 
making  ;  otherwise  its  abundance  and  cheapness  would  bare 
rendered  it  highly  important. 

Cotton  Manufacture^  in  Commerce,  is  now  one  of  the  most 
important  branches  of  British  industry.  Cotton  Spinning,  tbe 
process  of  reducing  cotton  wool  into  yarn  or  thread.  The 
method  formerly  used  for  this  purpose  was  by  the  hand,  upon 
a  machine  called  a  one-thread  wheel.  But  about  1767,  Mr. 
Hargrave,  an  operative  weaver  of  Lancashire,  made  a  nmchioe, 
by  which  a  great  number  of  threads  might  be  spun  at  once,  and 
for  which  he  obtained  a  patent.  This  is  called  a  jenny,  and 
with  it,  one  person  can  spin  100  hanks  in  a  day ;  each  hank 
containing  840  yards. 

Carding  of  Cotton,  as  a  preparation  for  spinning,  used  for- 
merly to  be  performed  by  the  hand,  with  a  single  pair  of  cards 
on  the  knee,  but  this  being  a  tedious  method,  and  ill  adapted 
to  the  rapid  operations  of  the  spinning  machines,  new  ways 
were  contrived.  Tbe  first  improvement  was  by  Mr.  Hargrave, 
and  consisted  in  applying  two  or  three  cards  to  the  same  board* 
and  fixing  them  to  a  stool  or  stock ;  with  these,  one  woman 
could  perform  three  times  as  much  as  by  the  common  way. 
But  a  more  expeditious  method  is  by  the  cylinder  cards,  to  the 
invention  of  which  several  persons  lay  claim.  The  next  great 
improvements  in  the  cotton  manufacture  were  from  Mr.  (after- 
ward Sir  Richard)  Arkwright,  of  Cromford,  in  Derbyshire.  He 
obtained  a  patent  for  his  new  system  of  spinning  cotton  in  1769, 
and  in  1775  another,  for  engines  to  prepare  the  materials  for 
spinning.  The  validity  of  this  second  patent  was  set  aside  in 
1781,  but  in  1785  he  obtained  a  verdict  that  established  the 
sufficiency  of  his  patent.  In  the  same  year,  however,  he  was 
cast  in  another  trial,  on  the  ground  of  his  not  being  the  original 
inventor  of  that  simple  and  beautiful  contrivance  the  TWuT  or  " 
Water  Frame,  Arkwright  still  persevered  in  doolariog  himiHfS 
tbe  -lAveDtor^  and  on  the  10th  of  November,  1786^  bo  moTod,  n^i 
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jeiHiejr.  Wlien  these  arf  if^''vft,?fll#.Rfl'«<t''  p«ew of-i?'"! 
or  skewer  is  catefiillj'.paaaoa  *hi,o^VR^,  Hi.e  AwSinf  U^  W '^MP 

being  hrid  bclween  lfie,MW'^^i.y»<:S.tfi  W:ff?VW  ?ff.  tW,p<* 
upon  the  wf  avct  ?  bii}>biq,6j'  ajyjic^ssipiftwiWiP'Wfl'JriCP  sf^*^. 
but  Uw  SMie  in^prib«plp>*.\fe  WPW^frPW-WStf.  *t'P^'i-<'" 
which  all  the  spinmri^  Was  lonucrlj  p^rjii^^^,  |,TBjaiWfBWs- 
rallj  done  hj  (.■hiliireo,  and  the  bpbl^jfls  a^c.tJWR  Tfi^ffe' AT*''"' 
•hoUIc.  Twist  undergoes  sevetal  Operet^t^ns  hftote.fl.,}«tviuiy 
for  th«  loom.    It  ii  dtiUvcrcd  b;  the  sgiimt^r  cif.]fei\/iitaalt  i^r 

Hank  l«ist  is  that  whiph  is  ffua  'on  «i^  wft|f  f,  fipiiift,it'ftfn 
thebobbim  of  uhich  it  is  rceft^tl  in|o  ifpMs^  pt,ft  detf^fj^ij^itilv 
length,  eaoh  mtflsuiiiiK  840  jardS.  TIie,v»l|Ue  ^iM,ft09Hii*«.l>f 
the  threail  aie  proporlipnafe  toihc  tmtubcr'ff'^^nk^ii^s^p'^iijUA- 
and  tbcy  arc  denmiilnat'ed  b\!  niimbers,  as  ^(f&^W,'^, 
which  express  tbc  lianks  wbiph  abound  ,of  ,tc^1$i  cMiii 
this  state  it  is  gonerall/'riieif  "-^  'n,.=.-..ii«i. '■„i.? 
to  fri»o  additional  sirenff* 
enable  it  to  support  iLo 

the  JDom.  It  consijt^  {a  inipregikatini;^iB<;  jtlff^a^TuJIj,' wjih 
thin  iIk,  cbieO;  fornied6f  Whuat  Hour  )toiIe^ju,)y^lef,V!?tJi  tflP 
■dditiooofafiltleglnp;  Thf.twiat  w  9aref),nv  f);(ffljp_^,ifl,ljilii, 
asd  afterwards  wrung  and  drii'd,    Tue;tA|'C|id^  ^i^mes,  cQify 

all  llrml;^ 

tfl  the  winder.  .      ,  ',.    „  m,, 

Windins,  is  that  opcrtitioil  by  wliiclitli^Qirp«[ «,„.,_ 
ti>  tbe  warpiag  bobbin,  either  from  tbc.D6|^,  f)an^|,,a(^  tv^M 
bame  bobbin.  i^    .    ■       .     - 

Formerlj  this  was  chiefly  dotte  by  fcmajqa.  and  U»g  wptk  wa^ 
■    ■■  ■         '  '■  oribc  fam^iJsiip^engtinecl 

..  .  eul  Ilinttuiuud  twti  pwlii^s 
at  a  time.  This  mode  !•  stiH  iti  use,  but  lljc  uofli,  M^i^'C^F' 
greatl;  abridged  abil  fdcUiUtcin  by  (bu  uie  oit  tnachincf,  i^f 
various  coostractloQS.  ^   .   ,   ','  .  ,,    „.,.u  l 

Cop  twist  i*  that  which  is  tpun  od  tbe  i^ulfe  or  j^aej^.^It  i^ 
reeled  only  occasionally,  lb  ajcctialn  ils  va|u<i  a^il  bafi^oii, 
and  is  delivered  Id  ropa  to  lilt;  Kinder.  ,      ,  .i. 

The  next  operation  is  tbnt  of  u-arpjni/,  or  fhc  tdiaiift^ifp  ql 
the  web.  The  machine  on  which  this  U  pcrnjriniiji)  i^,a«  «c1^r 
goinl  prism  five  or  six  feet  hiEh,  asd  ^ooiewliat  Ifjss  in  dioi^io- 
ter,  revolving  vertically,  anlt  pOt  In  moticfn  by  a  bajtd  a^d 
pulley  placed  under  the  s^al  of  the  wnrper. ,'  Tl^e  b^ibbins 
which  faroisb  the  Aread  are  sus  rndcd  bbrizoiklftl^'  i^  a  h^ian 
on  one  side.  Twenhr-eitbt  or  thirty  ihretds.  fornitng  tngt^th^^ 
a  system  called  a  AajTicrr,  arc  wound  round  fhcpfi^tu  ib  a 
spiral  form  from  top  ta'bntloin.  Ttic  inacbine  ii  Kwa  'li^rppd 
the  contrary  way,  and  the  thread  woui'd  rounit  Hie  pif^ia  uj^-. 
wards  from  bottom  to  top,  and  this  is  repeated  babk>^ar({«' a^id 

forwards''"-  — •=-=—• 1. — '■   j^j..  .-;  i.l.  i  i  .j..  1. 1. ...  j 

to  form  t 

the  ends        ,       ,  , 

upon  the  hand  into  a  round  hall  called  the  wat-p.    V 

baa  been  previously  si«d  in  the  baok,  it  is  QoW  re^y  fiir  tl»> 

loom,  bnt  if  the  warp  is  made  of  cop  tWist,  thai  if^e^fti ion  i^ 

next  performed.  ■     1  i.  --'-i  I-  r 

The  wnrps  are  boiled  several  bonrs  Id  wafer  iiil.tb^y'^are 
thoroughly  penetrated  and  softened  ;  after  draining  Wims.  time 
they  are  then  uncoiled  and  worked  In  the  size  till  filtly.ilU|treg- 
nated,  after  which  the  superftuous  siae  is  sqnoezcd  oOt,  a^^ 
they  are  suspended  on  poles  to  dry:  the  warp,  is  Ib'c^  ready 
for  the  loom. 

Without  this  operBlion  of  risiat;,  which,  as  we  b'ave  hefqre 
observed,  Rives  strength  and  tenacity  to  the  tbTead,,'it  vquld 
not  support  the  friction  of  the  loom.  Two  tfareada  are  paued 
between  each  dent  of  the  reed,  and  at  each  stroke  of  the 
treadle  one  a^eends  whilst  the  other  descends.  l^erC  Is  there- 
fore a  eoDstaat  (Viotion  of  the  threads  apoa  each  other,  as  well 
an  against  the  teeth  of  the  reed.  The  motioi)  of  tbe  reed  itkelf 
also  backwards  and  forwards,  and  «f  the  bealdfa  np  and  down, 
is  very  severe  upon  the  warp,  and  unless  it  ban  U^n  Wftl 
penetrated  by  the  rIm,  and  its  Gbre's  weir  ccnien tod  or  glued 
together,  this  cautiDoal  robbing  is  sutllciAi(f,)9,  Afslr^^^^.its 
ICXtnre. 

Good.  Maint  pnvfenta  Oil,  b«t  U  it  still  further  aided  b; 


fnatbar  •|i«infH»<iM«idi  JMi»ii»p*hiriai«nlalfat»«J'fcyttii 
vM«««q  ltiPl«Ki«ftl«itiH>i«»i«)>u  Kalinj*:the  la*w  EifIIHa.«twr 
mtM,^lihm.*mji^  wAlbili.hrBakI»Ua*«(bpa>UI«>Mll«€ 
TW%nr  {nriliMMt>Mifki<ib<ulj(ineiKaiUqi  wnaUl  faiBi«i 
■fifloiaiiWA  4Wfttia(ll»«tiMtsti(l6  p«iMb«  —diiiMaliiiamittsfca 
[ittif^4»Ame<t1M»  »ll  <M*,a  .aqwHilioilW jftni  o#aNrt*«iJ  iirf 
iW,  jmH^WtitatneiKfetithi^.  tt»Ar«nisch.ilp^clc*Mi;ria 
4ie,aUrfitce^Qf^ha,lh«wd,:,wliiol|,u«JiglitI|B.hpa*«A«Mbi<M 
|^e,«ni  hnukpd  t^iiar^  ut«oe4i(M(iaa-flM^tll«'hMHs 
t9,4)pbifam.ihy,  whioti  nMn»;|he  l40ae  AbEe»at*AU'4tapMe4 
ejtenly.^n^  WM1<  aarf Ji*mIy,iii>edif»atAe[,tWtfca>aa.  ji  i  . 
,'i[asti^«Wo^tbe.  wwpi  i^.^lried,  *imttr^t  Smaa^A,  Mlia 
^^f.  a^  ia.^»flol4iilfattef,.,a  bottron  iaiighdf  fmmai 
own  ("t-  'M-  M  fhft  JfleM»d!,asBitii  vilh,*  hcaah>  dippM  ' 
tallow  or  butter,  with  which  it  is  slightly 
»up^lc;poss.  auA Mt^oa^hfioaa.  to  ibethrcai 
isl(e'^^<;.'''ip^n!0J'  Ijie  bealds.and  teed.  As-aucli  a  portiM«f 
Uic,M|Rrp  <at^  jsM^xteudedbctn^en,  Uie  bealdsBJid  beam  eaa 
afofte  hi^dtiCis^t^aSAiaefCuiteiXbis  ie  wov«n,  and  Uie  d(«ii^ 
rcpe^ti^4  ^^^  upflo  anqtbc:  poriiaa,  aud  soooi,  'sJlernalelj 
oii^ogai^tt  veaTiojl'lI'M^^vijo'eof  the  webiisfiaishcd. 

eYfUY>iw.imprAvcm^u  ?ai  tbmei.-diirereui.pnevuicW'liaH 
ca,  rUcpi  9{  Jatft  }|pnr#,, ,)«Ucb  have  mflile  gr«aleri«t 
^•^rW'raa  »■  HfojwfioS'  to,  ihiiii>  uUiiiy  audi  jat|tfk<4aaac 
W^  iUail  efiumorittc. :  tl>^e;Eiiqe,  not  only  tbwe  of  revept^dal^ 
l^ul  sHii  ii;^  thopgh  koow)  *ont»,tiBK^  b^ye-  oot.b^e*  gaotiMt 
^opJ.9d,,  ,  ■    .,       I,  .       1.      ■■,     ..■,!■  , 

The  weaver's,  bobbin  Is,  sjjll,  >nw(d  by  hand  io  tb*  fnanncc 
^heady,  d^ccjbudt,  .ihpugb ,  thf  lise  of  a  sntalt  aiitebjwc^j 
whicj^jtt^eniy  Jtol^biof'U^  m^\vard<,a^  woandatosce,  is  daily 
gii^Hinj  srQuud^  T^ej;  ^lef^  he  teiea  now  in.almoU.evw; 
weaver'iii<-iittflge  wher^,  »evc.ral  loqrp*  are  employed.  Ttii 
labour. M  iuj\hiei  Aba^i^ei  by  f.verj;  iqgeiuous.eootrivanee.fiir 
i^ujcli  a, patent  V-'^  bec|t,  o{^)^d-  The  cops,  iagtead  of  beiai 
wo'u^d,  arc  i^ompr^saed  qr^tjuff  zed  t4J  ^Pf  aro  small  cnoagh 
l9,e|(fer  (hosliuUlo,',,:l'fit;  w^djng  here  is  doa«  ayty.aBdIhi 
^(^ys  IJius  o^toptcssiid  ^r^  prjefeired  by.  the  weavers  to  tbec<M> 
tjkqo  bobbin,  lu  'lhase,tArgc  csta(jlisb((wats  where  the  differaat 
processes,  auct)  ^apvinutg  and  weaving,  are  carried  on  laKC- 
ll«r,  tlfe  cops.arp  spiio  »Pi?W  Ppoufih  to  enter  the  shuttle  wUh- 
oitt  coiqiprc^^CKi.  Tfie  wcl^  ia  tiaj)af«fred  at  once  tnm  tbi 
fipindle  of  the .  m;Je  to  the  weaver >  shuttle,  and  the  time  $ai 
w.a^i^  of.windiug,  ^^d  ev,^ of  pompressing,  saved  entirely. 

Pd  tiip  ^ame  pTiueiole  also,  -a  considerable  redaction  hai 


An  obvions  rednotioaot 
,..,  _.  jfitp  wafp  it  di;qecllj  from  the  bobbin  Ui«  spun  BB, 
alid  sjae  it, in  the  warp  l^k^  |Oop  twisL  Fur  reasons,  however, 
wliicb  li  ivill  sat  be  necessary  here  to  cater  info,  this  baa  beea 
foqpd. impracticably. ,  li.i^.. however,  Uaaaferrod  to  tbovraip* 
lilg.  lfbbbin,.,^ilju>ut,  ,tV,M>tf;miediate' laboar  and  waatc  of 
rcciii^g,  and  the  3izU:ti  is  do^  in  the  warp.  CanaideiaUe  im>  - 
liruvL'iiic'n.U  >u  <lx'  luudc  of  siai^have  been  Bade  within  thesa  ' 
ffw  >f:ns,  usiiMi.ill)  i.i  (ht;,«Jj^ng  of  warps. 

ruiiiii^rly.  Ilii.'  |)riii;lirc  WM  to  wosk  tlte  warp  is  the  waia     - 
siz''  I)  (III;.  Iiiiuil.  the  tie.at  of  which  was  of  oonese  limilcd  Ii  ^ 

iliil   Ar'^ir.-   nlili'li   could  ho  readily  borae  by  the if—. 

l\[i:'TJ<.iir-i'  1i:oiii;.'  jiriiveid,  that  the  hotter  the  aise,  ihenOM^ 
i-wii!}  ,iuvl  iii;ri\'''iU  itiis  the  warp  penetrated,  varions  bdb  — 
tru  'iiM.'cji  V.  i:  la-  ^tlupltJ  for  applying  it  at  a  high  tiinijii  nil) 
Anv>itgst  q1,1iqcs>  are  oblong  troughs  furnished  with  aaaJraM- 
paUil  of  rollers,  through  which  the  warp  pasaes,  and  is  strooglf' 
compressed  whilst  in^mersed  in  the  hot  stse.  Mr.  Maraland'^* 
Idea  of  placing  the  twist  In  an  exhaoatod  receiver,  and  a  limit 
tlifg  t^£  hot.  stBC,  promises  considerable  advantage!  in  aan^^ 
cases,  and  wSeu  Ibe  plan  has  been  matured,  will  ne  dosbt  ta^ 
susceptible,  of  many.  appUcBiioita, 

^'fiut'tbe  greatest  iraprovement  that  has  been  mode  ia  tina^ 
diSTercnt  processes,  apt)  one. that  must  eventually  effect  a  va^r- 
plete  rcvnlution  iV  tbc  , whole  svaleni,  Is  Messra.  Ratsliffaaad 
Rosa's  mo(fj)j  of, ^re^^ijVK-  H4)l|«Tla  Ibis  operation  baa  beea 
piei^oniird  by  the  weaver  in  the  manner  we  have  alreadj  de- 
scribed, at  the  exjt^Dse jOf  one-third  of  ius^ne.AD4ilMMB&  A* 
it  Is  bnly,  (jokoible  fp^  Ujh  to  dreu  at  obm  aa  i^nb  af  4hr  walk 
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Mtained  betm*eea  Um  liealds  and  beam^  he  is  foarcely 
Jrd  to  bis  work,  alHer  each  operatioD,  before  he  it  ai^ain 
off  to  drcsa  aaotlier  portiott.  By  thb  eontinoal  inter- 
flrf*  one  flpraes  of  lafaNDor  by  aaothef  totally  different,  it 
» afarvtoiui  to  every  one,  that  ■•€  oiriy  nuich  time  is  lost, 
bthe  labour  itself  caDBot  be  eqaaily  well  prrfbrned. 
i  is  a  delicary  and  certainty  of  tonch  in  weavin^^,  de- 
t  on  In ;?«^  habit  and  experience,  and  on  which  the  e ven- 
al Kootincsx  nf  the  cloch  depends,  if  the  force  with 
he  woof  or  ueft  is  driven  op  by  the  reed,  be  not  always 
r  it  is  prcaier  at  one  time  and  letts  at  a  not  Iter » the  ctuth 
thidter  and  thinner  at  those  places,  ami  such  is  the 
on  which  this  dopunds,  thai  the  nioxt  experienced 
,  after  an  interruption  of  some  hours,  cannot  at  once 
it 

rs.  Ratrliffe  and  Ross  dress  the  whole  of  the  warp 
it  is  wound  npun  tlie  l>eani,  the  lahonr  of  the  weaver  id 
re  nninterrupted,  and  his  attention  directed  solely  to 
ject.  This  alone  is  a  f^rent  point  ^in«*d,  but  it  is 
•d  also  by  other,  not  less  important,  advantafcrs.  (Jreat 
the  iotdiectual  skill  required  in  weaving  is  in  the  dress- 
I  beaming  of  the  warp ;  the  mere  mcclianiral  part  of 
If  the  shuttle,  &r.  is  soon  acquired,  even  bv  a  lior.  A 
Deuratc  dinsitm  of  labour,  by  redoeinfc  the  beaniio^  and 
PC  to  a  K> stein  bv  which  lb<'y  nre  bctti-r,  more  ecouonii- 
snd  more  expeditiously  performed  tJian  before,  has 
d  the  forest  diiieulty  in  the  art  of  wea\ia|r.  and  rendered 
j^reat  measure  the  employment  of  children. 
I  what  we  have  already  said,  it  will  appear  that  the 
in  dressing  and  sisinf;  is  nearly  the  same,  and  Messrs. 
>  and  Knss,  by  this  improved  mode  of  dres^in;?,  have 
led  in  reducing  these  operations  to  one.  They  have 
ill  further;  xhey  have  done  away  the  necessity  of  warp- 
form  in  c  the  meh  at  once  from  the  bobbin,  aad  thus 
d  tiM*  i»ar|iiiis:.  .^izinir,  dressing?,  and  beaminfc*  to  one 
on.  \  th(»usatid  hol)bins  and  upwards  supply  the  mato* 
r  the  Haip.  Hhieh  in  its  prof^ress  is  properly  disposed 
ranpetl,  size<l,  dressed,  and  finally  wound  apoa  the 
This  improvement,  which  may  justly  be  rejpirded  as 
It  important  that  has  taken  place  in  wearing:,  since  the 
on  of  the  fly  shuttle  fifty  years  afto,  must  in  the  end 
i  oomph'te  ehanice  in  the  system  of  labour.  Great  bow- 
I  it.s  ad^antacres  are,  some  time  mast  necessarily  elapse 
It  can  he  aeoommodaied  to  gceneral  use.  In  larf^  esta- 
rnts.  >»liere  the  ditl'erent  processes  of  the  manufacture 
rried  on  tosrethcr,  siueh  as  spinninir,  weavini^,  and  the 
immediately  eonneeted  with  them,  it  has  been  adopted 
le  happirst  success,  but  the  weavinpc  in  this  covntry  is 
done  in  the  eottayres  of  the  poor,  and  to  their  nse  the 
and  bulky  apparatus  of  Messrs.  RatcliflTe  and  Ross  is 
ipted. 

lerive  all  the  advantages  possible  from  this  improve- 
herefnif.  it  will  he  neee*i«ary  either  that  the  weavinfc  be 
1  lai:;e  shops,  to  eaeh  of  \ihich  a  dressing  machine  may 
icheil,  or  tliat  the  uarps  lie  delivered  to  the  country 
s  reuily  droscd  and  wound  upon  the  beam.  The 
pl;in  is  flailv  CAimn^r  k"*"*^*'*  *'**'  pc'rhaps  it  is  not 
t  tn  foresrc,  that  at  no  vfr\  di>tant  period  all  the  weav- 
ihe  eotintry  will  share  the  fate  of  the  spinning,  and  ipiit 
Itace  for  those  larger  cstahlishmenls  in  uhieh  it  will  be 
tible  of  better  mauugcmcot,  and  more  accurate  division 
ur. 

last  improvement,  which  we  shall  notice  in  the  msnnfar- 
'  cottf»n,  and  wiiich,  when  onee  established,  will  roin- 
ihat  Vrkwriifht  has  so  happily  bcirun,  is  that  of  wriixiiiK 
hin<'r\.  Various  Httempts  have  been  made  of  laie  wars 
h  thi*  threat  mo\iii^  pouer:i,  steam  and  water,  to  the 
n  loom.    Sre  Loom. 

Cll.  or  <'o»T,  in  Paintimr.  a  term  for  each  lay  of  robmr. 
in  oil  or  water,  uith  which  the  artist  co\ers  his  canvas>, 
ainsrot,  or  titlier  matti-r,  to  be  painted. 
'CillNtS,  in  Sur;;ei\.  the  operation  of  removinj;  a  eata- 
hicb  is  done  by  a  peeultar  uecdie,  called  the  coucbiu^ 

-LTRR,  in  nnsbandry,  an  iron  instrument  fixed  in  the 
f  n  plottgb,  nod  serving  to  cut  the  edge  nf  each  farrow. 


COUNCIL.  In  this  country,  the  law,  in  order  to  assist^lbe 
king  in  the  discharge  of  hit  duties,  tlie  maintenance  of  hit 
dignity,  nod  the  exertion  of  his  preroirative,  hath  assigned  him 
a  diversity  of  coaasellors  with  whom  he  may  advise. 

1.  The  first  of  these  is  the  hiKh  coart  of  parliament. 

3.  The  peers  of  the  realm  arc,  by  their  birth,  hereditary 
counsellors  of  the  crown. 

3.  A  third  council  helon>;in};  to  the  kinp,  are,  according  to 
Sir  Edward  Coke,  his  judges  of  the  courts  of  law,  for  law  mat- 
ters. And  this  appears  frequently  in  the  Rns:li«h  statutes, 
particularly  14  Edward  III.  e.  5,  and  in  other  books  of  law. 
So  that  when  the  kin;;'s  council  is  mentioned  generally,  it  must 
be  defined,  particularized,  and  understood,  antrording  to  the 
subject  matter;  and  if  the  subject  be  of  a  le;;al  nature,  then  by 
the  king's  council  is  understood  his  conncil  for  matters  of  law*; 
namely,  his  judi^es. 

4.  Hut  tlie  principal  council  belonging  to  the  king  is  his  privv 
council,  which  is  generally,  by  way  of  eminence,  called  The 
Council,  com|>osed  of  eminent  persons,  the  number  of  whom  is 
at  the  sovcreiicn's  pleasure,  who  are  boumi,  by  oath,  to  advisi* 
the  king,  to  the  best  of  their  judgment,  with  all  the  fiilelity  and 
secrecy  that  becomes  their  station.  The  king  may  deelare  to. 
or  eoui^-eal  from,  his  privy  council  whatever  he  thinks  fit.  and 
has  a  select  council  out  of  their  number,  commonly  called  the 
cabinet  council,  with  whom  his  majesty  determiiif-s  such  mat- 
ters as  are  most  important,  and  require  the  iiWito>t  secrc^ey. 
All  proclamations  from  the  king  and  the  pri\Y  enuneil  <iugbt  to 
he  groanded  on  law.  otherwise  tht^y  are  not  hiiKliu;;  to  the  sub- 
ject. Privy  counsellors,  though  but  gentlemen.  ba\ e  precedence 
of  all  the  knights  and  younger  sons  of  baron.t  and  ^isconnts. 
and  are  styletl  right  honourable. 

Council,  (ommonf  in  the  city  of  London,  a  court  in  which 
are  made  all  by-laws  which  bind  the  eitizms.  It  consists, 
like  the  pariiament.  of  two  houses,  an  iip|>i*r,  eouipo.sed  of  the 
lord  mayor  and  aldennen  ;  and  a  low  er,  eom posed  of  a  numlier 
of  common  oonncilmen  chosen  by  the  scleral  wards,  as  rcpre- 
•entatives  of  the  lody  of  the  eitisens. 

COrNSBLLOR  at  L\w.  a  person  retrsined  hy  a  client  to 
plead  his  cause  in  a  court  of  judicature.  Tberr-  are  two  degrees 
of  connsel,  rir.  barristers  and  Serjeants.  Ilarii-ters  are  en'lcd 
to  the  bar  fter  a  certain  period  of  .standing  in  the  inns  of  rourt. 
After  to  years'  standing,  they  may  be  r'llled  in  the  degree  of 
seijeant.  The  judges  of  tlie  courts  of  Wi Mkninnter  lla!l  nrv 
always  admitted  Serjeants  before  they  nr<>  iir!\rineetl  lo  tr>'- 
bench.  From  both  Serjeants  and  banrisler^  the  kiiii'.H  rounni  [ 
are  uenally  selected,  the  two  principal  of  fibnin  nre  t!ir  Htiorn'  \ 
and  solicit or^general.  Counsel  are  suppfHc*!  to  plead  ;:rati^. 
and  can  maintain  no  action  for  their  frrn ;  and  to  encourage  in 
them  a  freedom  of  speech  in  the  lawful  dc  fence  of  thrir  clients, 
a  counsellor  is  not  answerable  for  any  matter  by  him  spoken, 
thonch  it  fhould  prove  gronndless.and  reflect  on  the  reputation 
of  another,  provided  it  relates  to  the  eau<ie  which  he  Ciipouses, 
and  is  sugrested  in  hi<  clirnt's  instruetioui.  And  notwith- 
standing counsellors  ha\e  a  special  privilege  to  practise  the 
lau.  >et  lhe>  are  punishable  for  misbehaviour  by  attachment. 
\o  euusisri  is  aliimid  to  a  prisoner  optm  a  general  issue  of 
indi('t:iient  of  leluny.  unless  some  point  of  law  arise  ;  for  the 
court  is  the  pri«nner*s  only  counsel. 

CtXiNT.  orij^inally,  n  nobleii.an  who  possr^sed  a  domain 
erected  into  a  rouul\.  The  dignity  is  a  medium  between  that 
of  a  duke  and  a  b::ron.     li  i->  now  i:iiTel>  a  title  of  honour. 

Cor  NT.  in  LaH.  is  the  orisinal  deelaration  of  complaint  in  a 
real  anion,  n^  a  derlnraii'ui  i«  in  a  peisonal  one. 

COUNTER  APPI{()A(M!i:S.  in  Kortifieation,  lines  and 
trenches  made  by  the  l:e>it-';eil  to  at:ark  the  works  of  the 
besii'sers,  or  to  binder  thrir  progress.  The  line  of  rounter 
approach  is  a  trendi  made  b\  the  besicired  fmui  their  ru\errd 
way  to  the  richt  and  left  of  the  attack h,  in  order  to  .scour  the 
enemy's  woiks. 

COUNTER  1I.\TTKRY,  is  one  raised  to  \  lay  upon  anothir 
to  dismount  its  sruns. 

COUNTER-GUARD,  in  Fortification,  a  uork  ruiscd  before 
the  point  of  a  hastion. 

COUNTERMARCH,  a  change  of  the  face  or  wiims  of  a  bat- 
talion, whereby  those  that  were  in  the  front  t  o:i«v  in  the  rear. 
Alto  the  returning  or  marching  back  again. 
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-eai;NTEIIHINB..tii  Wai','iB«»(-il  nnd  gallery  driven 
•auk  till  it  meetf  *a«ieBivrt«^tnp,  lo  prpvgni  iis  effucls- 

OOUNTBRPART.'Ai  Mo»iciiUenoW9  llmi  Ulie  innli^l 
applied  to  «>otta«r.  <Tliu««ho4>Ks   x-^S!^"'  '■•'■' 
|>utto  ttivtrable.    .laJLav,  it'M  tlii    dupli 
indoDtateoT  deed. 

COUNTERPOINT,  in Mnaic.'Hhe  ^olnbiui^B 
eOMOnant  Bounds.  >'     i         i 

COUNTERFOISB,  >bj  weiiiM  w«icb,  placed  \a  optiositiiin 
lo  another  weigfat.  produnesan  eqaHiliiium.  liut  it  ii  mol'i^ 
oammonly  a«ed  to  deouLe  Iba  weit;lit  used  JD  tliQll^oai«|a 
balkDce  or ateelyftrd,  r.  ,  i,._, — 

COUNTBRSCA.RP,  in  FortiBcation.  the  exterior  slmki^br 
theditcb,  thoofth  it  is  often  Idken  for  tlio  covered  u^i^d 
^«cij,  Atigh^  tkt  I'lmtuMiicarf.  i.s  that  made  by  its  lwo"s1dbs 
■neeliDg  before  the  middle  of  the  cnrtBin.^niio'i   nil  to  itti.q  IIib 

OOUNTERTBVORi  in  Uia»crrtigti*teaov«  AtUm'spflfed 
ta.tbebiKb«itiiah>raLin»le/M>ise, /' <"  '-    l:i-i  :.  i,il  :>l.r  mJ 

COtINT-WUiB£bi  tn^e  auAA^'pBrt.  W^  tk  olwia»UtU>t 
whiohmoveaniiaittiDosiittilftpcjadl^oiinii    1:1,1'  irii  yuil^-'' 

COUP-DE-MAiUIjlittiHilitlirr.aaikK  iiliplie>'<»  •le>f«mM 
retofattim  in  HnBll  axpbditiaOsjiof  Ate^M;.i«fitbb>iliallkiDg 
■  plaMBWordiiaillBBdt  r-i  ■<vhoI  ^iT     .vr  •\  •■■■1  '■;'  lii'ii  .•^-.iip' 

COUFUA&in^PaMinaitfoiH^MuatcBaiMiBidiinesfcaUhaAitih 
(he  glacis,:  of  ajtopd  twelve  or  fifteen  feet  broad,  in  the  re-enter- 
ing KUflM  of'the  qciTer^VBy>  W  fiM.iliuiW  iJif  i-allics  uf  tlie 
Oeiiesecl.    ■    ■      -^  '■'.'■ 

COURSE,  faiiNMriKatioU  llie  point  nT[ llle~(<timp«u&^or  hori- 
BOD,  which  the  Bfaipateers  olB,rifiJ^anRld;wtiicli^  ilv^^'tine 
on  vbich  it aailji .mfkei  witti  ihe  ineridilin  |\ and  ia  soDilrliiues 
Teclioned  in  detFe<-i,  and  aojnetimes  i!|i  plfiDts  and  quarter 
points  of  (he  comp»s(.        11   ,J  ^      ,    ,  <  / ,   ; 

COURTING,  anonfc  spttttmcn,  a  ofiihrac  lort/^V.  Bt  the 
deer,  at  the  bpr«,  and  at.  Ilic  fox,  Tlt^se  e^wAvk*  oi^  nilh 
greyhounds;  for.  Are  deer  tliei'e  are  Ino'toft^nfcoCrsin^s,  the 
one  with  Ibe  pa^dpok,  the  ^1>)cr  cither  fi^  the  Fore/tor  pprliou. 

COURT,  aplwefor  the  4dniinistriition!of  jusiir/}.  The  most 
general  divulopiof.our  collets  i»  into  tboso  of  rccOtd,  anil  tliosc 
which  aroBOt;. those  ofreijard  are  divided  into  «upreue  and 
superior  or  iuTerior,  The  pitprenic  eouit  at  I)iii  kinfc^om  is 
the  high  oouiit  of  parliamedl.'  nbicb  h&i  -an  absolute  potver  lo 
make  new  lawf,  aod  to  rejical  a|id  ^ter  old  ones.  Sitperior 
coorli  of  record  are  the  Ftou.iuof  Lords,  tliio,Chancary.  Kind's 
Bench,  Common  Pf^as,  and  Exclieqner  i  iho.IcSK  principal  aie 
those  held  by  ^aUHission  of  §;aol  deliiery,^  Ojer  and  teriujnirr, 
aiiiie,  niii  prim,  &c.  t\x  inferior  cn^rtt  of  record  arp  cor- 
poration courts,  coarts  lee^,  llio  sheriff"*  ^orrt^  &c-  Courts  not 
of  record  are  the  courts  bart>D,  roumv  oourls,  hiioi!h:c!  coiirls, 
kc. ;  also  the  admiralty  and  ^ccletiaiticnl  Courts,  which  derive 
their  authority  Irem  the  prown,andarof«bjef>t.|D  l^t^Ac^trpLOif 
the  king's  temporal  courts,  if  they.  cxc«ed  tbeirjuris^ictiao.  ., 

COURT  BARON,  a  court  held  by  every  lord  of  a  rouKtf 
within  the  some  ;  and  if  the  namber  of  suitors  should  so  fail  as 
not  to  leave  enough  to  make  a  jury  or  homage,  that  is,  two 
tenants  at  least,  the  manor  is  lost.  This  court  may  inqnireof 
the  death  of  tenants,  of  nuisances,  waste,  trespass,  |(brfeiturea, 
kc.  and  the  panishment  is  by  amercement, 

COURT  OF  CONSCIENCE,  in  the  cilie^of  Loadoo.  WesU 
minster,  and  some  other  places,  determines  mailers  in  all  cases, 
where  the  debt  or  damage  is  under  forty  shillings.  In  some 
places  tbeSD  courts  have  power  lo  decide  on  larger  sums. 

COVENANT,  in  Law,  the  agreement  or  consent  of  two  or 
more,  by  deed  in  writing,  sealed  and  delivered  :  whereby  ctthei-, 
or  one  of  the  parties,  promises  to  Uie  other,  that  something  is 
done  already,  or  shall  be  performed  afterwards. 

COVERT-WAY,  or  Cobhidob,  in  ForUBcation,  a  space  of 
eronod,  level  with  the  Geld,  on  the  edge  of  the  ditch,  three  or 
four  fathoms  broad,  ranging  ronnd  the  half-moons,  and  other 
works  toward  the  coantry. 

COVERTURE,  in  Law,  a  term  applied  to  a  married  woman 
who  is  under  the  power  of  her  husband,  and  therefore  incapable 
of  making  bargains  to  the  injury  of  herself  or  her  hasband. 

COVIN,  in  Law,  a  deceitful  assent  or  agreement  between 
two  or  more,  to  the  prejudice  of  another. 

CRAB,  a  wooden  pillar,  somewhat  resembling  q  small  cap- 
>tu,  bnl  not  furnisn«d  with  a  dr^iy  ^ea4^  iiutead  otwhiw, 


tMb,ttHiiqwtfrdBD'hAihHBMHafa  x 
UiewlddteAitiitt  lap*«r  Mt^.^WdiwHab  MliBitrii  ii  i^hwHi.!. 
wMuBlabgtlila  ndtdgtNifaal  ft  AbfnfncsdIkxAlhferrieqkat AJ* 
o^lb^f ocltha  airiie4fB|wrfta.BMta«u«lMqd«laM  WUr 
«dtnnt«HMtalpi«4K>)ritgMsMl^l>iiiMMa»«ad«ft9i'  ' 
..  „    ...       j,j^g^njn„ 

,    .  ve  them  into  th , 

ke^.iK)Sa«eitriobmrf)arrlto.«WiUaii^''>  ^^nW-tg-:)  «'i•.l^llD.) 
f  iORABLfi,i:a:fraBa.plMiad  mdor  .tU'<b»ttott'  ^xtS  lUnvte 
oiUeatfaiitoodiiHubsr'stMditji  «id'.nw>oll)l]!i(Utan3tl<4>BiM* 
wheo  she  is  to  bo  launched,  at  which  lime  it  supports  her 
weight  while  she  s!ide%.«l0wu  The  descent  or  sloping  passage, 
called  the  Ul^.s.^wbicFl. aiK  for  tTtla.  pofpose  daubed  uiib  soap 
or  tallow.^ Cradle's  fif^^«Aip  staudiuf:  bsflsleads  made  op  for 
the  woindM  sbanieil^s^at'iliey  may  he  t^drc  comfortable  than 
it  is  pcesiblo'  loJie4&>Jhbm^M>ck. — ^C^idren'4._wicker  cradlei 
need  h^dlj,^,a{{tf4^'$H'abr  ^en  lire  m^fiUJHtMiable  rock- 
ing or  sjvIiie  edt' ^oil^^jftlattafllo'n,  «\(repr  to,obflh;iic,  thsl 
Ihi:  ptincitije'af  g:a3p'etl4LIH>'^,'^pablo/*if.gr«ay  immkvemeal 
upon  a  very~Stniple  pkrB.  ttiat'bf'  diC  pgndftt^,  itrpiil^  of  lie 
clumsy  method  of  han^^ifig  lli(f«itiu^t^vd^'«>»a$  Ifaob.  bj 
a  piece  of  wire  WeUl  in  ths  foidl^.an  M){n I st/raV triune. 

CRAFT,  a  gen^Val  nara^ijir'arrMM  «i,ytf'ssel&  eiAt^lojed  lo 
load  or  discharge  mcreha^  stiips,  \ir  to  eSn^Er&Wujfiiidc.  01 
return  the  guns,  store»,'or  ptovifiious  of  a  mku-of-nai;  such 
are  lighters,  hoys,  barges,  &c. 

"CRAMBB;',%»  CmaS'.  Sia.  SeackKalti,'  tttH*^  €^/HiMH;t 
gtrfthi'^Vth^iiKqildla^i-dtr.iittbeieirBdTiliamtncltiitsiitPiiKnU; 
r^kffl^'in'tbifiAiitural'mi^tlntd 'under  thoSt) III  etatriliriqustir. 
Tftcte'We  six  lipteiefr,  tfifefrh^tbaDeou9i^scuk*t«*lttt>p*MB- 
lii^  Wtots,  'pTbdUdu^canriDally  tilrge-leau^a'tikii'^liWito'tirihe 
caf*B}**i  'spyeddinjf  on  the  irttiuna  iflb  •f^no'rf  fliWr^te/  '  Oalj 
(^li'spl^s'Ti  analive  ofDritfliU:  and  it  growg  n-ild  ta  «^rsl 
p^H*'>irfM  ^elt^coiisL  iiisnrti|iitgaledbyse(.'ds^uwl]  in  cott- 
mob  lignt'enrtll  in  a^lUmn >»' gpr Itlgj  The  crambo  f/utleoikri 
ag^fccnliOii^i-' plant,  ,     .1,,     .     .(    . 

CllA\[l>, *         ' 

lar  py  t  of  ti 
stituUtHit,  or  -ac< 
grouttd,  be.    Iti    . 

feet,  ^i^lto^i.  oftener 

il  prcveBtive  (torcrainp  in  ipii  caives  oiTDo  uH . 
ist  grievoua  pfi^D,  is  to  stretoh  put  the  he«l  ^l^e  kg 
,  u  pils|lMe,^4t  the  same  Gnle  drawion  up  llwi  tdaa  te  the 
bod][. '.  ybis  will  fregneotly  stop  t!iie_progress  of  a  nS\ot  the 


lv,kl#eiug  eithei  mJupiri,  aa^u^cmiv uftl've  1 
iid^mal,  from  liviM  in  eokd^ftlfipfek,  ui 
aStf.ti  all  parts  iddifferAnlTivbnt   ' 

iatvfflr5Sfl[ 


eOectual  prcveative  (torcramp  In  ttweal 

is  a  ai^st  grievoua  pfi^O,  is  to  stretoh  ft 

as  fa^as  pils|lMe,^4t  the  same  Gnle  drawion  up  llwi 

bod][. '.  ybis  will  fregneotly  stop  t!iie_progress  of  a 

cramp'  after  it  has  commenced ;  and  a  person  will,  after  a 

tiii(ata,iJ>e.*t)lD.iB,.g«ii<a'atto  p»veiitith»fit,eoming  on<:(hoagh 

iUapproaoh  hsilKtween^lfeD  and  waking.    .   .      .■  ■<     1  ...^  ■ 

i,  CRANE,Thb,  ajnaohiaoiucdia  buildiogv  oatrfiaaravnadin 

war«^oiMe>,  fori  faislng.andi  lowering  huge  stont^,  pondaiftu 

weights,  padtagcs,:' hales  <:«[;  goodsi.  &□.  hsB  bean  .,f  atsoMlr 

constructed,  and  will  therefore  require  a  few  examples,,  -   ■ 

TiuiCeiltu;  Cm*  we  ha-re,.  already  noticed.    Tho- i'nrl*^ 
Stme.Crantfor  Loadimi/  and UHloading  Cmit,  it  nouDled  on*  - 


wooden  stage,  and  is,  ao  constniptad  that  it  ,BWiy  l»«. 
piaoea.    Tha  fiwne  A,  A,  A,  A,  is  tbout  10  iMt  U«^ 


ao* 


OlOTSOaUlV  fi»  J|S0HV*U!AI<  ,901SMC«.. 


w  aioTMl  kf  tb«  «ia«lin  f  9,  wbiob  have  f^  Icvot  pgnctiiQC 
16  inchM.  Tbfl  jib>buiel  nuy  be  locked  b>  .pusUif^.  « 
iiio*e«ble  bolt,  till  it  bear  mgmimt  mi  nrm  of,  ibe  whp«l  tlh. 
The  ainKi*  power  of  tbe  tKane-biml  is  ablained^y  {lUaiug 
minehtt  (16  inck)  oa  tho •q^anJl  k 4  (gc.  2j.  wbicli  tcrmiiiAlti  m 
arbar  pUHDg  throoKli  the  centre  of  lbciil>'ljarrcl,  Md  liauati; 
OD  Its  one  end  the  wheel  it,  and  on  it*  titlivi  ihi  iiiiuon  h  (Dii.  i). 
The  pioioD  A  (bj  inchM  diaiaetcf,  9  leavex.)  moves  tbe  wheel 
ii,  which  i*  futeaed  on  the  aihot  oClbc  otone-hanel,  aod  baa 
UBi  inches  dianeter,  and  7(1  teeth. 

The  double  power  ia  obtained  b;  torniag  the  pioiaa  J  ^j 
■CMUMOTthe  triDebiN(I6incliea),  and  one  on  the  appoaile«ad 
of  the  aaaie  arbor.  The  pinion  lis  B}  inchej  diameter,  and  hu 
16  leavM,  and  the  wheel  i  i,  which  it  turait,  i(  32  incfaea  dianic- 
Ur,  and  has  d6  teeth.  The  check-block  d  it  ^  siDgle  palkj 
kept  in  ita  place  b3r  the  chains  1,  u,  and  is  necessary  foi  secor. 
iag  th«  action  of  the  jib  at  all  aDglei  of  elevatioa,  bj  preserv- 
iu  the  angle  D  td,  always  smaller  than  the  anfrlo  n«/.  it 
behiB  obriona,  froiD  the  doctrine  of  the  reMlntioaof  fmoM, 
(hat  when  Uiesfl  anfle*  are  exactlj  e^nal,  the  point  of  the  jib 
will  be  in  eqatiibrin :  but  that  when  thtj  ate  aaec|iial,  it  will 
have  a  tendency  to  move  io  the  direotion  of  the  (^ater  aD^le. 
When  l>  a/  is  the  irreater,  the  jib  oap  be  ^evented  from  falling 
down  by  the  jib-obaia  C  r  ;  but  if  D  *  «( were  the  ({^reater,  there 
ii  nothing  to  prevent  it  from  rising  till  it  would  come  in  contact 
with  A  B. 

The  fulcraa  <G|r.  .1)  is.  when  the  crane  is  to  be  shifted, 
placed  near  tlie  aale-bolt  of  the  jib  at  D ;  then  the  jib  is 
lovered,  and  acts  as  a  lever  in  taking  the  weight  of  the  crane 
oIFthe  cross-foot.  The  cross-head  of  the  fulcrum  moves  on  a 
pi*et  in  Ibe  tripod,  and  by  means  of  it,  and  easiaf  off  (wo  of 
(hft^y-rapes  while  the  opposite  ones  are  hauled  in,  the  ciane 
is  moved  ajong  in  an  upright  position. — The  total  cost  of  such 
a  eranc  is  aboat  £70 ;  and  the  parts  are  so  oenslnieted  that  it 
■ay  be  used  for  maoj'  years  without  re<]uiriag  the  smallest 
eapease  for  repairs. 

The  power  of  the  jib-baird,  withont  making  allowance  for 
friction,  is  Bb4Mi(  26|.  when  the  winch  is  in  an  horiaoniol  pou- 
(ton ;  but  as  the  resisiaoce  of  the  weight  varies  with  every 
change  io  the  elevation  of  the  jib,  it  is  not  ponsibJe  to  calcalato 
the  power  which  would  be  necessary  to  move  it  m  ith  any  given 
weight.  The  more  that  the  jib  in  elevated,  the  less  power  is 
required.  The  single  power  of  the  cranfr-haire),  withool  mak- 
ing allowance  for  friction,  is  about  24i,  a>d  the  double  power 
abont  101.  It  isnot  poHsiMetadetenainelhe  friction  exactly, 
becaqse  it  varies  both  with  the  weight  and  the  position  of  (he 
chains,  being  more  as  the  weight  is  greater,  and  (he  angles 
formed  by  the  chains  less.  Hut  the  result  of  experiments 
made  with  a  load  of  one  ton,  and  the  jib  at  an  angle  of  about 
46  degrees,  were  as  follows  :— 

SiFfh  Potcer.  lbs. 

Power  required  In  snipend  a  ton.  by  ealcalation,  about    91 

Ditto,  by  trial,  with  check  block,  ahout 164 


Total  fiictioD, 

Ditto,  without  check-block, . . 
FriclioD  on  check-block,  . . . . 


DoubU  Powrr. 

•  Potrer  required  to  suspend  a  ton,  by  calculation,  about    32 

Ditto,  by  trial,  with  cheek-block,  about 41 

Total  friction, 03 

Diltu,  ffithout  cbeck-block, 3S 

Fticiion  on  check-blook 6 

Henoe  the  whole  frjetina  on  the  single  pbwer  is  equal  to 
about  Iwo-fifths,  and  that  on  the  double  power  about  one-half 
of  Uie  power  employed  ;  and  the  friction  upon  the  chock-block 
nearly  one-sctetitb  of  the  power  in  both  oases.  The  iniall  arc, 
however,  over  which  the  winoli  can  traverse,  without  a  great 
•llentioH  0f  powar,  when  Uial  >■  nwia  bj>  vie^l,  suapendcd 


too,toM.4P>,t^f]^hiHthrifpd«r:  iwb.imjwiNigfi  m-'mt 

lo«>M,apw»«LmrtH>W*l ■■■    I    ..    r,o<|...ii(^M.B.    ,,, 

.  Aff»rihfild^ypCTm!fMa.gPMeiWinHWqi,WBi«liM|S.fm|r 
t»qwww»qiaftw.^W>fam.*l^«<PJPW«,'WJP^ 
vvwi  iin^^  nm^  mthuii  jtbefMmiW  M«#»-,iKM(|>miP* 
hQUdnKC(«opr^U,tfi&,£x*^jibiad^nNv«&hAO|Jm|V  •"WJiWlrti 
indeed  (^  umw  iUBg«]ar..iaaga(  bnt  the^  U«  4w*M)n4t, 
witlmut  aa  additMiML  pnwev.  he  rtma^tA  fetthar  fnta  At 
shaft,  aftai  the  ctcaa*  is  leaded, .and  thoa  lis  mmnlim  jpixw 
fined.  The  Dommon.'Craoe  is  also  mucb  Jesli  portulep.uid 
caimol  Ite  movsid  avap  ftg  the  shortest  dist^i^  ivitboift  l|«i|||; 
taken  itoF«T^an,apeja(wR  whicli.cost*  a  good^eal  o^.llWwwl 
labvw.  .Indeed,  in  Mi  (h  adportahility,  poir«r,  and  ibfixpib- 
plete  cpmoM^d,  oC  1%  %uea  .spaee  9x0  noncerapd,  this  cnaa  is 
AetAicii]  tap»wtitff.vi*ajfotheXi  and  jn  4veTy,case  of  bald- 
ing with  laiga  atftnnt.  wliate  gy-ropei  oan  W  WO*,  it  dcMrn 


the  preference.  Whva  ^gy-ropa*  oannot  be  ased,  ijlf .  .mtU'i 
balance,  or  owptorpoiiO' ci«nc^  i«  «qi|«Dj..  #pplicMhte  ud 
excellent    Indmd,  Ihp  wh«|le  naioi^ivfs  ianiqlM:bj'<i>i#i'>a>- 


mecbanic,  while  employed  At  the  e(H)atiiKtjaD,a£  tke 
Bell-Bock  Lightbpuse,  larm  a  aefies  of  iVplio«tiMu,(of  iliF 
mechaoical  powers  .fcigbly  naiqne  ajsd  valuabie :  .aDdni^imsf 
how  much  coBsequence  it  would  be  to  the  -arts  and  to.aoneiy. 
were  niechanic«I  eenius  ii3  common  wotJuieD  duly  approcialMl 
acd  regarded. — Ideth-  ^iag.  vol.  ii.  No.  M. 

CitAHe  is  alw  a  popular  name  for  a  syphm 
drawing  off  liquors.    This  crane  or  syphon  is 

,thaD  a  bent  tube,  as  A  B  Ov  tf  Iha  Mwraar  epa 
A;B  be  imruersed  in  a  vessel  of  wnto*  or  oHin 
finid,  C.  then  by  applying  the  mMth  to  lb*  Md 
G.  and  sacking  till  the  liquor  anivefltberKh 
will  ooutinue  Io  flow  out  at  the  c«d  Q,  ■•  ie^ 
as  titat  «nd  is  lower  than  the  tnirfaM  «f  tta 
fluid  in  the  vessel  O.  If  there  be  n  ••alb. 
piace  mt  B,  then  snobitig  at  tlmt  flMNltt-ftCM 
(while  the  end  G  is  s (opt  with  a  fiofcr  or  olheiw 
wise,)  vrUI  make  theRnid  flMfwhantboobilrae- 
tion  istaken  away  fromG.  Whan  Iha  fluid  has 
bagno.  to  flow,  the  bole  at  B  must  be  stopped 

lip,  or  the  fluid  will  flow  no  laager  than  till  the 

sorfaoe  in  the  vessel  be  as  low  aa  E.    The  renssB  of  the 
motion  of  the  liquor  in  the  syphon  is  this :— The  perpoDdUmlaf 
height  of  the  coIuumi  B  fi  beiog  greater  Uiao  B  A,  tbo  praises 
of  the  atmosphere  lieiDg  the  same  at  both  oriflccs.  aoppoiiqc 
them  of  equal  area,  tlieiefore  the  weight  at  G  will  eaosa  (be 
flttjd  tft  flow  sot  them,  while  the  .pressore  of  the  ataMMphaM 
will  faroe  more  Ikiuor  op  at  the  end  A,  and  Ihua  the  Motian 
will  continue  so  long  as  tiwre  is  aaj  fluid  in  the  reaaal,  pr»- 
vUod  the  end  O  is  lower  than  the  end  A  of  the  ayphoB.    Beacc 
it  is  evident,  that  (be  height  ftom  the  autftoa  of  the  llnid  ta  thr^ 
top  U  must  not  eitoeed  the  altitude  of  a  column  of  Ihs 
whose  weight  is  eqnal  to  the  pressuie  of  the  atmasphote  1 
saaw  base,  or  the  Auid  may  be  drawn  up  by  aaoknig  1 
apertnre  E,  which  mult  be  closed  as  soon  as   tbe  liqi 
Diado  to  run.    Many  ioipravements  have  bean  madn  01 
inslrumcat,  which  it  is  not  our  porpuse  to  repeat  bore. 

CRAM  lOLOGY,  is  a  science  by  which  it  la  attempted,  _ 
the  external  shape  of  the  shuH,  to  form  an  opinioo  of  the  mumimS 
propensities  and  inteUectual  powers.  A  few  words  vrill  aefv^^* 
to  shew  the  principle  on  which  it  is  founded.  That  the  intd — -^ 
Icctnal  powers  and  animal  propensities  have  their  aaat  in 
brain,  has  generally  been  admitted,  lial  aucordiafr  to  " 
trines  of  craniology.  of  which  Drs.  Gall  a»d  Bpimdii 


r  of  ibe  uuu  nnitli)  be  lerjr  muoli  inciMHil.  Now,  if  Ih*  pMnliif  tb^^" 
1  ic^Dirs  Ig  be  virj  muck  ruHiI,  tbe  block  migbi  be  diipeBsrd  «!iW  -^ 
Ibe  pullrjr  HillBitlun  lower  dnwo  tu  ibf  (had,  Foeb  u  > ,- bat  if  k  * 
were  broagbt  lerj  low,  the  rbnin  would  Ml  ooil  jiroperlj  M  (ha  bainS  — 
Tbia  nifchi,  howerpr,  be  obriittd,  bv  ptaplnt  the  cnne-bnTcl  on  the  ottir'*' 
■idr  oFlbe  ibirt.  end  br'nRing  the  ditin  down  ih>  biok  Bribe  jibftna  ik^ 
palley  f ,  wiilieal  piMing  it  o*rr  anj  ofter  polle;  «h(»mee.  Ai,  bawin*"* 
the  plaein;  of  ih*  birrri  io  lbf<  eitHtien  woold  prcvtat  lb*  Jib  trtm  tsio#' 
brea||h(  ■•  near  to  Uw  ibart  aa  it  c»  bo  with  Ibe  cbick-Uack  ;  sad  H 
wilhstairftBBlii*  frietisn  eo  Ibe  block,  Ibe  am  '  ~  ■  ■ 
sltentin  is  a  ■!!(«  of  Wat  iapoitMoe. 


DIGTlbWiRV  6/'  W^^^nVcaL  '^^I'liWci. 


-perpendici^Iar  is  to  Rc  luda^prpfl  ^.and  |Uie,vnp  pi;,,(l)3^flDpe 
i.. .u.  f...  _rii......r:.„j  .t.  -ttijeci  ni|l  he  "• - 


D  the  foot  of  ttie'  s,iaS  aiffi  }h. 
djcalar  requli    '      "'        - - 

CpojS: 


require^.   ,>e  ?,u,avEti;^,n,,,  ,      .,    , 
rs,  rot  ti>LmK.lhi,fqcrf^|9R,?1tl,t(irtfe,oJ, 


e  Ih?  BHTf«--ff- 


^.fffiffti;','^ 


to  Bve  fert  lonp,  of  a  jellowish  Irown  eolour,  mark^^  XkoVSff,- 

the  head  down  (he  Dock,.^^?,  Sfffti  9f|..yiffif  f^npqa  oIiT!e,fftme 
-^eojour,,,  the  he^  IS  ,^^E(!  J»t,,^i^  !)fi?h  ;-t^e  «st  otl|,s  ^^^^^ 

dlltffyColou^,lI^*lrl(^f^p;^^hrflpf9ff'9^^^W?.W5v»frml«flft^U^^ 


aDlmal  eIe»aiea,nnd,iTijl*s  yben  u-ulated  or  dislurj 


tail 

the-.,.—.   -J- ,;.- ^.    .--„-    -r ,--    .-    .-",--™,n- 

Thc  raitle-jnate  liifea,i^jft,^a(;^  ?qnirr^,,ftnd  bird*,  Tte 
two  la#t  U  cBlclicfl  ij^  au  ^ifrir^iOi^fliqaryiin^wrif  r^. pi aewg, itself 
ifndcr  the  l.ec,  W%re  i^)l,W,t,  ap^,,!)^  .sjifltipf,,  %,fa,Mle 
aw8ken,Mh^ii),;  flm- ttan  (Ift^tcr  afl^JMW  (Wyf'^'WSVW.^P 
«praj.  tifl,  liMf),«DA  frwti(?n(vff,thpy|Ml  ;W,9u%l^P'^V'  P^.tfic 
enemy  beneat^,  Bfl«lfiispajf  s  «>oinif(  Ij^  JJ^tth  B0(\  ^q^tfi 
America.    Th^ii;  bifjp,  j»Jala^jiln«,tl|fiy,iifiver  ,^ia(;k,J(  ^erspo 


tf Uhout provocaliphj-,  'jjl^ejurjncft r^UJeispekfl.pf  adeep  fif own 
eoloLK, above,  wilji  fi%,fc(!bw,^iK^»JivflunK  lfitEe,io»e()gifa 
down  the  back.  isalM9  a  Mtfjgpf  ^.mert^ia.sj)*  e<|if4uj|VpQ(ipV' 


i9jtfi.M,oT,a  Jij ,      ....  ,_ 

-,  y."  .  ■■.  -i  <'.iffW-'^^^^^^w^-  ^{  «.eray-Vo»^o. 

shadod  oa  the  back  ^||^^e^  a^ql^p^jjlfed  wjHi  blaipk  aflota,  la 


)o^  ratf|e^?jii^p  u!oT,ii'JightM  v>lofii  than  the  iwro 


aaialler  than  |hp  v\ii 
CROTCHET:,  in 

Ihua,  1 ,  cquiJ  to  fal^ 
CROTCH  ETS.jDj 

dislinKuiabcd  f'pivt 
CROTON,  F"/^] 

of  France,  and  from 

irincs  and  jell 


i»''n'1%  . 


arltpd 


5^W?*?"1  *  »?*9  Sri]?''"."*'"  of  (im^ 
if  a,f9jnLw,^.^4^ul^(^  a  quarcr,  , 
ja^j'^doflKiE^  weird  or  sentenco.'to  be 

lui  it  IS  made  Ehe  tarnsole  used  foi-  colounn)^ 
Tttis.iaiaade'Cflllie  juice  lodged  beiweea 
tne  empalement  and  the  seeds  i  and  itruhbed  on  clolbs  at 
first  appeari  ^rcen,  but  aoon  chanRea  to  a  purple.  If  these 
cloths  are'pat'i'bta'^iniek>f  tkeyi«ili<d}tiit«raclaret  coloar. 
The  rags  thosdjed'arabroligbttSHhlscoantry,  and  »otd  aader : 
the  name  of  tornsole.  '"''■  ■''■'•      ~     '>' 

CROW, in  Mechanics, a  Itindofinra  ieter,  sharp  atone  end 
and  a  claw  at  tht  other,' Um^  for 'lioavlh^  or' pushing  great 
weiehts.  ■  '         '■  '■    "■' 

CROWN,  in  Astronomy.     .^fcCowoN*.  •" 

CROWN,  in  Geometry,  a  plane  ring,  incloded  between  two 
concentric  perimeters,  nfiherated  hy  the  motifm  of  part  of  a 
right  line  roaod  the  centre,  to  which  the  inovinc  part  is  nol 
eoDtJFCUOUS.  The  area  of  a  erown  ia  had  hy  mallfpljin!^  its 
breadth  by  the  length  of  the  middle  periphery ;  for  a  series  of 

terms  tn  arithmetical  pTogreasion  being  n  x  ,  >'■  '■  the  sam 

2 
or  the  6rst  and  last  multiplied  b^  half  the  n amber  of  temiB,  Ilie 


middle  terms  n 


-,  therefore,  that  multiplied   by  the 


breadth  or  sum  of  ail  the  two  terms  will  give  the  crown. 

Crown,  is  also  a  silver  coina;^e  of  England,  and  many  other 
coantries  :  the  Bngliah  erowo  ia  equal  jn  laloe  to  b  shiJIlnKg  ; 
the  Danish  crown  is  2».  8Jd.  ;  Gennaa,  4f.  tjrf. ;  French. 
4:  »id.  sterlinic. 

CROWN-WHEEL  or  a  Watch,  Ihf  apper  wheel,  which,  hv 
its  motion,  drives  the  balance.  In  royal  pendulums  it  ia  called 
the  swing  wheel. 

CROWN-WORK,  ht  Porttlicatlon,  an  outwork  having  a 
hrge  gOTjfe,  and  two  lon^  »iAH  terminating  towards  the  field 
Id  two  demi-bastion  a.  It  la  intended  to  enclose  a  rising 
fronnd,  or  to  corer  «n  etitrencliiaeal. 


(^{OW-Ji/K^m,l|lim3rj,^n-^,^mac|iyiM)V-jf^^ 

ft^,ur«o.:,t»,M>,Jt^^^f^,^,tc>;es,7ar,ttqf,falj,jV.T'«S|(«A**t''' 

if  RCrClCxK;  a^SfminSr  v^^»ij"m'wle  c(t,'pjlrt|i,'ei»d''si"'i(l^ 
peredas  to.endij^RiljcBUongtijUlieafc.  .  ,   „     ,,,  ,  , 

^P^I^ySXACeqVS  Fisij,  at?  thoae,  coverM  ^(tJiiUidh,  .q  ' 


.CHVSTAI,.  in  m^^^\  B^^Pfj.  tbf  name  »(  a.l^p?  cluaot 
joM'W,  liard,  pelmeia.and  C9lourl,es»,  ,■,   ,. 

.  <;RXSTA^|i|Htf  a^*,v^!^s,  i,.  the  old  AslroDomy„J*a;-  oA, 
hQagined  ii^i^f^ecp,  fhp,,Briflt^n»  mobilo  amJJhe.firfnaBi^ia 
,(b,e_pt|ilcma|q,  »ystefji,j  ip  |W|iir.h  tho  heavens  hrci  .<iupp<l*e<J 
solid,  and  only  a[)'^c'c,pfi|)l(^V  a  ^inple,  molioii.'  Tticsi)  orba  are 
saId'tb^ayebeppi^fru^|]c,Qdlfy  Alpiioosus,  in  oi;dcr  to  expUin 
what  the  aucVciiis  palled  .(Ii*  m»tibn  61  trepidation  or  titubatioii. 

CRTSTAU'lZVTlC*llj.  When  fluid  a^I.llJinccs  beeone 
solid  they  frequontfy  as,3Uii\e  reg(ilar  palyhedial  J««»s,  whjck 
arecallcct  cn/^Jnfi,  ,and  thp  bodiea  wbicli  dp,  so  arc  said  to  be 
Misceplibtc  of  crystallia^t^^oa-,,  Many  minerals  are  Ifiund  which 
are  thus  iirratiged  into  reffular  forms. 

To  enable  ibc  particlcs.of  bodies  to  assume  thai  regular  ftm 
which  cry.tlala  exhibit,  ihey  must  have  frcedoo),  of  nigtion ;  and. 
accoidinifly,  th?  first  step  is  to  confer  a  liquid  or  aenfann 
stale,  by  solution  inwalcr.  \Vben  common  salt  is  dissaJvedia 
water,  (he  partidcs  wilt  be  too  far  aaonder  to  e»e((  reoiprockl 
attraction  ;  in  olhar  wurd,s,  they  will  be  mure  powerfpUy 
ailracled  by  Ibe  water  than  by  each  other.  If  we  now  get  rid 
ofa  porlioif  of, the  water  by  evaporation,  the  saline  partielej 
will  gradually  appr'oaeli  each  other,  and  will  af;gregate  nccord- 
io^  to  certain  laws,  produptng  a  regular  solid  of  a  cubio  fora. 
tf  the  proceaa  be  slowly  conducted,  the  pafticjps  upile  with 
great  regularity  i   if  borried,   the   crystals  are  irregular  and 

_  There  are  certBin  bodies  which  may  be  liqaeGcd  bihea^  Md 
daring  slow  cooling  may  be  made  to  crystalliEc.  This  U  lbs 
case  with  many  of  the  metals,  and  with  sulphur,  fiomt  other 
lubstanees,  when  heated,  readily  assume  the  (tatg  of  vapow, 
and  during  condensation  present  regular  crystalline  fQiii)a,*BA 
aa  iodine,  beneoic  acid,  camphor.  Sic.  ;,i 

The  hardness,  brilliancy,  and  transparency  of  cryatitU  oftatt^ 
depend  upon  their  containing  water,  which  sometimea  exiata  ia^ 
Ibero  in  large  quantitieii. 

Thus  sulphate  of  soda,  in  tbe  state  of  crystalg,  contaiDS  imx^m 
than  half  its  weight.  This  is  called  water  of  cryata]lixatiaa» 
Some  salts  part  with  it  by  a  simple  exposure  to  dry  air,  wbei^ 
they  are  said  to  effloresce ;  but  there  are  other  sftlta  wUdV 
deliquesce,  or  attract  water  from  the  atmosphere. 

Cry  stall  iaation  is  accelerated  by  introducing  into  the  aolathM^ 
a  Ducleua,  or  solid  body,  upon  which  the  procesa  begtna,  as^M 
manufacturcT.i  often  avail  themselves  of  this  ciroumatance^ 

A  strong  saline  solution  excluded  from  the  air  will  freqiuotl^ 
crystalliic  the  instant  that  air  is  admitted,  a  cironnutaiM^ 
referred  to  atmospberie  pressure.  In  other  casea  agilatioiS' 
produces  the  same  eflect.  The  presence  oflightalaoiiiiDiieBee* 
the  process  of  crystallization.  Thus  the  crystals  collected  ia 
camphor  botllea  in  drgggiats*  windows,  aj'c  alwaja  mos* 
copious  upon  the  surface  exposed  to  the  light  Crystallinal 
bodies  affeot  one  form  in  preference  to  others.  Tbe  floor  ap«r 
nt  Derbyshire  crritallises  in  onbei;  so  does  oobubob  salt; 
Biire  in  the  form  of  a  six-sided  prism ;  and  snlpbate  ot  iiia^iiarfi 
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aOO  for  k  new  divwor.  Fi»d  bow  ofu»  thb  iSriiKir  hi.emitaiotfd 
in  the  divideiid,  8«l  UjdMft,  msdbriaisi&omu  the  two  Ural 
periods  in  tbe  dividend ;  onbe  th^  i|Q<»UriK  Itywes,  ploee  ibeir 
value  nnder  the  origiani  difidfi»d.fK!iiod9«..n9d  .BsMiflet  ne 
before,  and  proceed  thas  tiU  all  tbo  i^«ide«d  ia.bmai^t  dovOi 
Exampk.     14886086  »  the  namber  wboie  cojbe  root  itf 

•ought 

.^996-936(246 

2  X  2  X   3  =;  8 

6-886 


I    1.; 


2  X2  X   300  =  1200)lOBaa 
24  X    24  X    24  =  13824 


I 


3062936 


24 


X    24  X    300  =  17280o)  i4-8b6d3G 
246  X   246  X   246  =  U  88G'0:}6 


CUBICAL  Equation,  in  Algebra,  one  whose  highest  power 
consists  of  three  dimensions,  as  x*  =  a'  ^  ^,  or  x^  -f  r  x>  = 

ft«,  &C. 

CUBIT,  a  measare  of  length  equal  to  a  man's  arm  from  the 
elbow  to  the  extremity  of  the  fingers.  Dr.  Aibnthnet  spates  the 
Endish  cubit  at  18  inches,  thQ  Roman  at  1  foot  6-400  inches, 
and  the  Hebrew  at  1  foot  9*888  inches. 

CUCULUS,  the  CuehM,  a  genus  of  birds  .belonging  to  the 
order  of  picas.  The  cuckoo  appears  in  the  spring,  and  takes 
its  departure  early  in  July.  Some  of  these  birdA,  however, 
have  necn  (bund  to  winter  in  this  island,  taking  up  their  abode 
in  hollow  trees,  where  they  have  lain  in  a  torpid  state.  The 
cuckoo  does  not  reai?  her  own  oiTspring,  bat  selects  the  nest  of 
some  otiier  bird,  particularly  that  of  the  hedge-sparrow,  in  which 
she  deposits  her  eggs.  When  the  sparrow  has  sat  her  usual 
time,  and  disengaged  the  yonng  cuckoo  from  her  shell,  her  own 
young  ones  are  soon  turnedout  by  the  intruder,  who  remains 
in  possession  of  the  nest.  There  are  many  more  male  cackoos 
than  females,  for  when  five  or  six  have  been  taken  in  a  trap, 
not  a  female  has  been  found  among  them.  Cuckoos  may  be 
brought  up  tame.  They  will  eat  bread  and  milk,  fruit,  insects, 
and  flesh. 

CUCUMBER,  CuntmiSf  a  genus  of  the  syngenesia  order,  in 
the  monoecia  elass  of  plants,  ranking  in  the  natural  method 
under  the  34th  order,  cucurbitaccae.    There  are  13  species. 

CUCURBIT,  in  Chemistry,  an  earthen  or  glass  vessel,  so 
called  from  its  resemblance  to  a  gourd. 

CUCURBITA,  the  Oourd  and  Pompion^  a  genus  of  the  synge- 
nesia order,  in  the  moncKcja  class  of  plants,  ranking  in  the 
natural  method  under  tlie  Mth  order  cucurbitaceaB.  There  are 
seven  species. 

CUIRASS,  a  piece  of  defensive  armour,  made  of  iron  plate, 
well  hammered,  serving  to  cover  the  body  from  the  neck  to  the 
girdle,  both  before  and  behind. 

CULEX,  the  Gnat,  a  genus  of  insects  oftheorderof  diptera, 
of  which  there  are  seven  species.  Before  they  attain  the  flying 
state,  they  are  small  grubs  in  the  water,  after  which  they  turn 
to  chrysaiids,  then  pass  to  the  state  of  a  gnat,  and  flv  into  the  air. 
CULMINATE,  to  be  vertical  to,  or  on  the  meridian:  hence 
the  eulminatinff  point,  is  that  point  of  a  circle  of  the  sphere  that 
is  on  the  meridian. 

CULMINATION,  in  Astronomy,  signifies  the  passage  of  any 
heavenly  body  over  the  meridian,  or  its  greatest  altitude  during 
its  drnmal  revolution.  In  order  to  find  the  time  of  a  star's 
cnlminating,  we  must  estimate  the  time  nearly,  and  find  the 
right  ascension  both  of  the  sun  and  star  corrected  for  this 
estimated  time ;  then  the  difference  between  llicsc  riirht  ascen- 
sions, converted  into  solar  time,  at  the  rate  of  15  degrees  to 
the  hour,  gives  the  time  of  southing. 

CULVERIN,  a  long  slender  piece  of  ordnance  or  artillery, 
for  carryinjT  a  ball  to  a  gp'eat  distance. 

CUMFNUM,  Cttiamia.  a  genus  of  the  digynia  order,  in  the 
pentandria  class  of  plants,  ranking  in  the  natural  method 
under  the  45th  order,  umbellatas.  There  is  only  one  species 
which  Is  an  annual,  that  rises  nine  or  ten  inches  high  in  warm 
oountries.    The  Dowers  are  of  a  pale  bine  colour ;  and  the  seeds 


have  a94r#Mi4^AtiKe.  rTheseiiM.nicd  40fiAt>  evpiMtravi 
eanioi ol-tbo i^bMQACOpQsia.   ^^.  „n  a*.,:  ■      ■     *■     . 

CUB(]Si;f9,.|bo.Liitiiiteniifer.4r4^.    gtnmv»on^A.     ,. 

CVlfITilAv.<lft  celebrated  lady  of  SttMi«.«  anflionrtf.AC J 
matkupntUAl (work  entiUed  ^' UrnnU.BrQiiMf .'^r^PiAUfM  in 
1660,  in  Latin  and  German ;  in  which  are  contmqA  ^n^90$ 
ae|o»ralffi>tfimpoiiiieal  tablos  oalenlatv^  Qpflff  Keplff{MlP»- 

CXXVEhf  n.abaflow  eartheo  vessel  ra^end^Snic  a  emp^  Gm 
which -it  detivea  its  name,  is  made  of  phosplate  of  lime,  or  l|d 
residue  sq^:  bi«iied|bopetf  rammed  into  a  n^qr^ri^ft'^biti  gnet  its 
figure.  This  vessel  is  used  in  assays  yteilWH.  ^^  ^ceinei 
metals,  afo  lased.. witJ^  lead,  whleh  boeonietf  sROiurerM  Mo 
glass^aod  oarnes  the  impure  Mloy.withit,.  .  *    ,  i  .  i 

CUPEXiLATKXK,  the  ait  of  rsAaing  9(<fd  ,or.  tiffm.lJir 
means  of  »  cupi^L  For  thiSr^piirpoifo.  pnethm  Teased  qM|id^ 
mnAle  is  used,  within  wUoh  may  ,be  pteeed  onf^  qr  iiM|f»  Otprii, 
CUP-QALLS,  iMrmed  on  the  leaves  pC  thf^ioalfi  «|id.o|har 
trees,  rc^mble  a  drinking-glass  wit|i  a  c<f«or,  wiifii  .lut/is 
flat,  and  has  a  small  protuberanee  mthe^efotfe^^^ 

CUPOLA,  in  Architeptnre,  BfSpheiiojU  vMlt^at  jC^rqmd 
top  of  the  domo  of  a  ehorch.  :  ^^     <    • 

CUPPINOi  in  Surgery,  the  operation  of  jrypljiag  iiupptu* 
glasses,  for  the  local  discharge  of.  blood  asd  oti^  hmfuttknhf 
the  skin. 

CUPR;ESSUS,  the  Cyprcii^reg,  jk  gend%of  thrm^MdelpUl 
order,  in  the  monopcia  class  of  plants,. li^iking' ^  the  Mifatil 
method  imder the 51st order, eonifere,  olwhi^h  thirr^  tare mfm 
species,  all  raised  from  seeds,  and  sometimas  from.nttttlBgs. 
The  wood  of  tbo  evergreen  e>  press  is  said ;  If  ^  i^nUt .  wwm, 
mothsi  and  putcefiction,  and  to  endure  ^r  ^gf/b.i  Thin  tree  hn 
also  been  celebrated  as  a  remedy  ini  pulmopo  dlaeaaes,  9nm 
its  supposed  property  of  meliorating  th0^.air  .by  .to  balsine 
exhalations..  *  .■  ,■ 

CURATE,  the  parson,  or  viear  of  a  parUn,,.w(bf  has  Oe 
charge  or  cure  .t^  the  parishioners'  souls }  w^ itpc^oa  mM- 
tuted  by  the  incumbent,  to  serve  hia  q^ro,in  bl^  Milt^ 

CURATOR,  among' Civilians,  one  apppintfd  to  manage  tfef 
affairs  of  minors,  or  persons  incapalde  of  ;aotl|ig#or  Ihea- 
sclves.  .         .  ,•  >«   ' ' 

CURCULIO,  rA«  weevil,  a  genus  of  iiwecls  beloiigiBg  toOe 
order  of  colcoptera;  and  of  which  th^re  are  .fiflecB  spfleNii 
whose  Iarv»  oommit  great  ravages  in  eofii4ofts,  buiyiHr  tiea- 
selves  in  the  grpiin,  and  entirely  devouring  thf)  meal,  wlea  Ar 
insect  arrives  to  its  full  sin  it  beoomes  a.  ohFyfall*.  Ote 
larvffi  fix  themselves  in  beans,  peas,  and  leotUea,  ^rticMM, 
thistles,  and  iht^  leavefi  of  the  elm  tree.  /  ,  .• 

CURCUMAs.Iiirifim'e,  agenus  of  the  nonogyviii  eriir, ii 
the  monandria  class  of  plants,  ranking  in  tbo  nafiiral  ntlM 
under  the  8th  order*  scHamineas,  and  of  which  ^fim  tut  ttfW 
specif s, .that  grpw  naturally  in  India,  wbeaee.tl|flt  ^tMta  are 
brought  to  Europe,  to  be  used  in  d>  eiug  yellow :  a^  !■  0tA> 
cine  as  a  reynedjf  jfqr  .t^e  jaundice. 

CURFEW,  a^ignal  givep  in  ciUes  taken  in  waf,  te.  to  tie 
inhabitants  to  go  to  jbcd,  and  advertise  the  people  to  sf  ovre  tlrtt- 
selves  from  the  robberies  and  debaucheries  of  tbe. Bight  The 
most  eminent  catkiW:  in  England,  was  that  establiibed  by  Wil- 
liam the  Conquesor,  who  appointed,  under  severe  penalties, 
that,  at  tlie  ringing  of  a  b.c]l,  at  eight  o'clock,  is  the  evcninf* 
every  one  should  [ipt  ^ut  their  lights  and  flnvi,  and,go  to  M: 
whence  to  this.d^yya  be)l,  rung  about  that  tine,  la  eaUed > 
curfew-bell.  , 

CURING  Fish  ^nd  Bacon.— The  following  simple  and  car 
mode  of  preserving  mackarel^  pilchards,  herringa,  and  sprain 
has  been  proved  by  experience  to  answer  well.  Half  fill  saae 
water-tight  casks  or  vats,  with  a  brine  made  from  about  SBpartl 
of  solid  salt  to  72  parts  of  fresh  water.  Into  this  briae,  tki 
fish,  gutted  or  not,  are  thrown  as  fresh  as  possible,  Mfldeet ti 
nearly  fill  the  vessejw  S^aic  moisture  will  exude  from  thalA 
during  the  pickling,  therefore  add  more  salt  to  saturate  it;  aid 
as  the  brine  is  always  weakest  in  the  upper  part,  a  piese  ol 
basket  work,  or  la^ice  work  frame,  should  be  provided,  lo  it 
inside  of  the  cask  or  vat,  and  sunk  an  inch  or  two  below  the  sar* 
face  of  the  brine,  upon  which  is  to  be  placed  aome  laige  '■'^ 
of  solid  salt,  which  will  keep  fully  saturated  tho  whole  ef  w 
liquor,  and  keep  it  so  as  long  as  the  lumps  remain  nndiaioftvti 
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dity  of  these  lamps  admit  of  their  beinpr  applied  several 
€  as  often  as  tin  vessels  are  repleaUhed  with  fisb%  The 
to  remain  thus  immersed  in  the  Hqaer  for  fiw  or  six 
hen  they- may  be  taken  and  packed  in  lari^d  fcrahied 
«Mial.  Vavioas  sorts  of  provisions  aro  best  preserved 
proceas,  pavtioolarly  baeon,  (wUoh  is  not  s»  liable  to 
raoeld. 

RANTA,"th0  fraic  afa  spedes  of  KtoaiBhiria.  The 
ad  red  sorts  are  mostly  esteemed ;  the  black  are  em- 
to  flavour  English  ipirits,  and  ooanterfeit  French 
s.  The  jtklf  is  reckoned  cfficadons  in  sore  throats, 
f  aho  sifrniiy  a  small  kind  of  grapes  broaght  fkom 
ad  Cefvhal^nia. 

RBNT8.  in  Navigatioo,  are  eertain  settinfi^  of  the 
by  which  ships  are  oblifr^  to  alter  their  coarse,  in 
I  arrive  at  the  destined  port.  The  afUing  of  the  carrot 
(Mint  of  the  compasS'  to  which  the  waters  run  ;  aad  the 
the  current  is  the  rate  it  runs  per  hour.  For  the 
of  detennlninfc  their  course  and  drill,  see  Robertson's 
(«tfon,"  vol.  ii.  book  7,  sect.  H,  where  the  sailing  in 
I  is  largely  exemplified. 

RYING,  the  method  of  preparing  leather  with  oil,  tal- 
;.  The  skins  when  they  come  from  the  tanner  are 
in  water ;  then  stretched  on  a  wooden  horse,  and  beiag 
aped  are  pat  to  soak  again.  Wl^ile  wet  they  are  placed 
rule  and  trampled  upon,  to  make  them  soft  and  pKant. 
lext  place  they  are  soaked  in  train  oil,  and  when  taken 
fastened  to  large  tables.  Ilien  the  carrier  with  an  in- 
it  called  a  pummel,  which  is  a  thick  piece  of  wood, 
the  under  side  full  of  ftirrows  crossing  each  other,  folds, 
s,  and  moves  them  backwards  and  forwards  under  the 
r  the  instrument,  to  break  their  stilt'neiis.  This  last  is 
carrying:  after  which  operation  the  skins  are  either 
1  or  made  white.  This  last  Is  done  by  rubbing  them 
ilk  or  white  lead,  and  afterwards  with  pumice-stone. 
I  skin  is  to  he  made  black,  after  it  is  oiled  and  dried, 
ier  passes  over  it  a  puff  dipt  in  water  impregnated  with 
B  next  gives  it  another  wetting  with  a  water  prepared 
ot,  vinegar,  and  gum-arabic.  This  last  operation  is 
d  till  the  skin  is  of  a  shining  black. 
SITOR,  an  officer  belonging  to  the  chancery,  who 
Mt  the  original  writs.  There  are  twenty-foar  cursitors 
to  severalcounties. 

BOR,  a  Runner,  or  Meiisenger,  a  small  sliding  piece  of 
a  some  mathematical  instruments,  as  the  piece  of  an 
ual  ring-dial,  which  slides  to  the  day  of  the  month,  the 
at  slides  along  the  beam  compass,  &e. 
TAIN,  or  Ct:aTiN,  In  Fortification,  that  part  of  the  ram- 
a  plnce  between  the  flanks  of  two  bastions,  bordered 
Mtfapet  five  feet  high,  behind  which  the  soldiers  stand* 

fon  the  covered  way  and  into  the  moat 
ATR  Distance,  in  Astronomy,  is  the  distance  of  a  pla- 
ice from  the  sun  or  earth,  reduced  to  the  ecliptio  ;  or. 
rval  between  the  sun  or  earth,  and  that  point  where  a 
Kenlar.  lot  fall  from  the  planet,  meets  with  the  ecliptic. 
TATION,  is  the  interval  between  a  planet's  distance 
e  aun,  and  the  curtate  distance. 

VATL'RE  of  a  Line,  is  its  bending  or  flexure,  by 
t  becomes  a  cur>'e  of  any  particular  form  and  proper- 
lias,  the  nature  of  the  curvature  of  the  circle  is  such. 
rrj  point  in  the  periphery  is  equally  distant  from  a  point 
called  the  centre ;  and  so  the  curvature  of  the  same 
s  every  where  the  same,  but  the  curvature  of  all  other 
is  continually  varying.  The  curvature  of  a  circle  is  so 
le  more,  as  its  radius  is  less,  being  always  reciprocally 
ndius  and  the  curvature  of  other  carves  is  measured 
reciprocal  of  the  radius  of  a  circle,  having  the  same 
of  curvature  as  any  curve  has,  at  some  certain  point. 
eorve  is  bent  from  its  tangent  by  its  curvature,  the 
t  of  which  is  the  same  as  that  of  the  angle  of  contact 
by  the  curve  and  tangent.  Now  the  same  tangent  is  in 
I  to  an  infinite  number  of  circles,  or  other  curves,  all 
1^  it  and  each  other  in  the  same  point  of  contact.  So 
J  curve  may  be  touched  by  an  infinite  number  of 
t  efrcles  at  the  same  point :  and  some  of  these  circles 
fly  within  it,  being  more  curved,  or  having  a  greater 


cnrvatara  than  that  carve ;  while  others  fall  without  it  near  the 
point  of  coBtaai,  ikbM^e^n  the  colrve  aad  tangent  at  that 
point,' and  so  bahig-  lasa  deflected  fVwn  tie  Ungent  than  the 
Mrve  is,  thoy  baw:  a-  less  riegrea  of  aurvatare  there  ;  consa* 
quently  there  Is  lona,  ctf  this  Ininito  lAMibar  of  circles,  which 
neilhar  liAlla  halaw-lt  nor  above  it,  but{  hiUng  equally  deflected 
froia  the  tmsfcnt,  abinoidaa  with  "It  oMse  lafioiaiely  of  all  tiie 
circles;  and  the  radius  of  this  circle  is  called  the  radius 
of  curvature  of  the  curve ;  aliio  the  circle  itself  i%  called  the 
circle  of  curvature,  or  the  osculatory  circle,  of  that  curve, 
because  it  touches  it  so  closely  that  no  other  circle  can  be 
drawn  between  it  and  the  cur^e. 

CURVE,  in  Geometry,  is  a  line,  the  several  parts  of  which 
proceed  in  difl'erent  directions,'  and  ai^  successively  posited 
towards  different  points  in  space. 

A  plane  CiiKvc,  is  that  of  which  the  several  |)oints  in  it  lie  in 
the  same  plane ;  and  when  this  is  not  the  case,  the  carve  is 
said  to  be  one  of  double  carv.atmc. 

Cl'r\  b  Lines  are  distinguished  into  algebraical  or  geometri- 
cal, and  transcendental  or  mechanicaL'  Afyehrmicml  or  Geomt- 
crim/CuRVfr:s,  arc  fhose  in  wl^ich  the  relation  of  the  abscaisaes 
to  the  ordlnates  dan  be  exptessed  by  a' common  algebraical 
expression.  Traa^cenffnifa/ or  3/fcAaAfiraf  Ci*rves,  are  such 
as  cannot  be  defined  or  expressed  by  an  algebraical  equation ; 
or  when  they  arc  expressed  by  an  equation,  one  of  its  terms  is 
a  variable  Quantity,  or  a  cur^e  line. 

/VimiYy  or  Ci'RVKs,  is  an  assemblage  of  several  carves  of 
different  kinds,  all  defined  by  the  same  cqi^ation  of  an  indeter- 
minate degree ;  but  difl'erently,  according  to  the  diversity  of 
their  kind. 

Cl'rvb  of  Double  drraficre,  is  oseJi  to  denote  the  earve- 
linc,  all  the  parts  of  which  are  not'  situated  in  the  same 
plane.  A  curve  which  can  only  be  traced  upon  a  curve  sur- 
face, and  not  upon  a  plane  surface,  is  called  a  curve  of 
a  double  curvature.  These  kinds  qf  carves  mav  be  consi- 
dered as  generated  by  the  track  of'  a  point  which  is  moved 
upon  a  curve  surface,  the  direction  of^its  motion  being  con- 
tinually deflected  eitlier  towards  the  right,  or  towards  the  left 
hand ;  thus  it  happens  that  the  line  so  described  Is  curved, 
in  two  senses  ;  for  in  effect,  is  partakes  of  the  curvature  of  the 
curve  surfaces,  and  of  the  continual  and  successive  deflections 
of  the  describing  point.  Two  eurve  surfaces  which  mutually 
penetrate  each  other,  form  also,  in  general,  by  their  intersec- 
tion, a  curve  of  double  curvature.  8acb,  for  example,  is  the 
curve  which  is  formed  by  the  mutual  penetration  of  a  right 
cylinder  and  a  sphere,  supposing  that  the  axis  of  the  c} Under 
does  not  pass  through  the  centre  of  the  sphere.  We  have  said 
in  general,  for  it  may  happen  on  account  of  particular  circum- 
stances, that  the  intersections  of  two  cni^'c  surfaces  is  a  plant* 
cur\e.  Thus,  in  the  preceding  example,  if  the  axis  of  tb<^ 
cylinder  passed  through  the  centre  of  the  sphere,  the  curve  of 
intersection  would  be  the  common  circle.  Ingenious  disqaisi- 
tions  on  curves  of  double  curvature,  have  been  given  by  Ruler 
and  La  Croix. 

CURVILINEAR,  any  thing  relating  to  curves,  as  curvilinear 
angle,  figure,  surface,  &o.  being  such  as  are  formed  or  bounded 
by  curves. 

CU SCUTA,  Dodder^  a  genus  of  the  digynia  order,  in  the 
tetrandria  class  of  plants,  ranking  in  the  natural  method  under 
the  dubious  order.  There  are  four  species,  one  of  which  is  a 
native  of  Britain,  vis.  The  Europna,  dodder,  hell-weed,  or 
devil's  guts ;  a  singular  plant,  almost  destitute  of  leaves,  creep- 
ing and  fastening  on  whatever  is  next  to  it.  It  diTays  at  the 
root,  and  afterwards  is  nourished  by  the  plant  to  which  it  ad- 
heres.    Hops,  flax,  and  nettles  are  its  commtm  supporters. 

CUSP.  CrsPis,  in  Astronomy,  properly  denotes  the  point  of 
a  spear,  but  is  used  to  express  the  points  or  horns  of  the  moon, 
or  other  luminary. 

Crsp,  in  Geometry,  is  used  for  the  point,  or  comer,  formed 
by  two  parts  of  a  curve  meeting  and  terminating  there. 

'custom,  a  law,  not  written,  which  from  long  usage  and  con- 
sent becomes  a  matter  of  right.  It  is  either  general  or  parti- 
cular ;  the  first  when  allowed  throughout  England ;  particular 
when  confined  to  a  particular  district. 

Ci'sroM  is  also  a  very  comprehensive  term,  denoting  the 
manners,  ceremonies,  and  fashions  of  a  people,  which  having 
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, ,- , Jf-rtJM".         .     .    . 

hftd.uni^'nip^  cnat)iiuaoce,>!iLid  noi  txi  lUguiiuiL  tba.kiog'i 
picroga^ve,  i  ,•        '  < 

Custom  of  Londott:  it  i*  b  cnstom  of  Londoo,  lh(t  nhtn  a 
penoiLu  educated  inane  Uad|C,hia  roajf  let  ap  aii0ther;>that 
wiMie  a  woiuaq  ,uiM,  n,,tr)u««  without, . b«i  .liDibiaiKl,..*h»  ii 
(4W(Sfabl0  ajpii^,  aa  a,fet^%foU.  nM"ihaot.  aad,  if  DAndeumed, 
abcfappHtinpTi^oiVtiUifb*  pAya  tiie  debt;  JikewUe  tbe  bailibr 
iier  aip  liable  if  ihc  abfent  bonclf.'fMMl  tbe  fausband.  iath«se 
«it4«a,.sball  nat  b«  qh^rRcd.  Jf  adcbtor  be  a  ftiKi'Lte,  by  tJie 
onMaim«f  LandfUibeiitayiVe  mreatcd  before  Xhf'ilHy„jn  ooder 
.tfi.fUa.' better  tocu;ily,i  &c.  lih'eaa  ate  eufttoms  of  Londoi^ 
lUiTcront  fienktlKNia  qj;pUri»  places- 1 

CUS'};O^W'4f«r«V>X^->lf«incr<^<">'-S>veaachaTaoter«f  a 
M^aiwefi  h(iaaai.wba..lloljf'  bin)  nH)d*,-.bei  may,  bo  oUiged  t* 
.wiw  A^deW  (lEiWfVvww  W.tli«iEOod>  (oU^.by  tbe.cns^ 
foi»  of  (MWfiipnl*-'  Aw  w^  itiro  poiHuia  «ie  Ipuod  ia  orreara, 
.  ppfl|^fl^,)M!f!e^l«>tSTPHI^dcd«tt  thooiMtojp  «f  m^etonia.  «(bef 

.  y^fyif^.otfiff  pa«fj^p;fnfl  OS  vb^ia|wider4li)iOd  utile  iwual 

Tsm^ms-^ , 

\fe  iiMioT^tion.pf.  oMm^W  -of^  merdumJwj 
jiD  li^fo.^wngiDfi/xl^ifid/tO  leimbursc  Ibo  BuicrciKu  lur 
;^t)eipi|iW.M  mwitf*rt'*1>  protcotinc  fofcign  tnie,  and  were 
.«9ll4l4(nd*Ji^H«P'W(ta.^^  j''^^  ?(  ^I'*  TO«rohwil»,  beiBf 
impoaed  equally  upon  all  sorts  of  gaaiXi^atwtittKt  at  wall  a| 

'  „itJT;'^yoii>ii!EVitMl'tiw  pjiii.*pal  clat  in  ibc  Court  of 
jCtwupjoo  Pleaf,  wJw).  kKf.ps  all   Ihf   »riti.iHail9,[(:liifoaJ»ln  in 

(CtfSTOS  M^^WM-  .  >>'*n,«e«f  d«  lu  .Lwdi;  ,inlr«jduped 
jtW,aji|^ri4't|  ill  >H>(V)i^r  i9(<^  CFlcLr^ttfll. -'i»lrq|i«WCT  Sfe»i»i«r, 
ui4,ui^tiioa,li>M  iJ«¥if  ''  h'W.bfeew  c»XM  ,t^afiimr-dian,of 
f(ia./(»r,^i(nVVie.il>R>(P<lariei*  aoa,  cotilcots,  iit^.:,iwuiJi  ,*y 
C9«sii(t^it)«^^^ib^^SiV>^t>9,.  porlb  by  T^raqdm*,  inid.uegt  by 
C^tlOpBrdalift.1  ,}i^gW,.sscci>»ion  4aP,  aml.Ga°  dvcUnafion 
Mflh,,  Xbe„^tjir%fiV("/p"*  ii^nuuibw.arejofjiilly  iavjsjbli&io 
the  naked  eye.  .   ,,  ,      i  -  '     i. 

,,,,CU^TPS  ftPIL' WWUiM!,  an  «l«cer  «l.o,haa  Ibe  csre.f  the 
tiAlii  wi4,^p(ii»(%B[ifi«i  wasioos  «i  peece.  hIso  at.i^o  cotamit- 

-'(  XuTriyiTEK^  In  a|6iiip„i»  Uic  stjfirp  part  oftl^uJieaU  under 
thcli(i»kMiif:uti-., 

CUTlCLLA^iii  Anat'iniy.  a  lliin  niemliriUio  close  upon  tlie 
■kin  or  cutii,  of  w^iioh  it  aaemt  ta  tie  a  part,  apd  to  nkiiicb  it 
firmly  adheres  by  the  cwpua  jcticulare. 

CUTIS,  in  Anatomy,  the  skin,  that  Btrong;  covering  vhipli 
envelopes  the  whole  surftcp  of  animnla,  and  which  con«i«ls 
chiefly  of  two  parls,.a  thin  wbite  elauic  layer  on  the  outitide 
called  the  epidermii  or  cuticle ;  and  a  thick  one  compoged  of 
many  fibres  closely  vtterwoven  and  dispoied  In  ditl'ereat  direc- 
tions, called  tb^  cutif  or  true  skip. 

CUTLERY,  in  the  Rcncral  sense  compriica  all  those  artielei 
denomipated  edga-lools,  but  it  is  more  parlioalaily  cnnGned  to 
the  maoofacture  (if  knives,  forks,  acissars,  penknives,  rasors, 
swords,  and  surgical  instruments. 

CUTTER,  n  aloop-riitged  vessel  bailt  sharp  for  sailiag ; 
generally  used  in  smuggling,  or  in  the  oavy  to  watch  the  coast, 
Bod  to  look  after  vessels  engaged  in  contraband  trade. 

CYCAS,  a  geaos  of  ^lapts  hcIODgioft  to  the  lirsl  nataral 
order  palmic.  The  fruit  is  a  dry  pluni  with  a  bivalre  kernel. 
There  are  two  species ;  1.  The  oircinalis  or  sago  tree,  which 
grows  in  the  Kast  Indies,  particularly  on  the  coast  of  Malabar. 
It  rises  to  the  heijdht  of  forty  feet„Bnd  ibe  leaves  are  »evea  or 
eight  feet  lonz-  The  l)nwers  grow  in  long  huachos  at  Ibe  foot* 
atalks  of  the  leaves,  and  are  sncc^odod  by  oval  fruitr  about  4be 
site  of  large  plunu.  of  a  i(^  colour  when  ripe,  an4  of  a  street 
lasle.  Each  contains  a  nut  eoclosipg  a  white  kernel  which 
uutes  like  the  chestnut.    The  inhabitants  «f  India  saw  the 


body  of  the  tree  into  pieces,  then  beat  tfccnainta  a.nKtarand 
pour  water  upen  4t.  When  strainci^>«  iae  MBklyiBiikalsusee 
comes  oir,  wlu^'  }).  made  into  breaduoiKboAUM  Mcat-Andy 
powdered  ir^ade  l^to  sago.  3,  Iw  mm «niMiMa<*r A— 4 
tree  of  ibC  HottcDtol^^'^scoveredilV  moakdlVt:  h^idtfilil 
uliich  at^ounda  in  the  triiWt.  and  ismitutwl  mA\ti*A  mp  in 
skirts,  nnd  buritd  some  v/eWn  till  ilniftitaBiafbclltM|k  laAe 
knctujcit.  aad  ^en  i»is  vmin  IflMjMMat.ofiraaHMtjol    'o^ 

CYCLE,  H  certain  period  lor  mijm  of  ■tWihrwi.  prnmiiiin 
orderly  from  first  to  laipl,  thenreiarabisB|;«ia  tntha  An^aad 
.tu  circulating  perpetually.  Cycles  bKvacDlflflyiariHn  fri^  tbe 
ifuwnunensiiTBhility  of  the  rowolgtiMt.af  Ike  anrtb-JttiA  — lenlsl 
biiilioe  10  one  aui>iber,i  The  appaivfet  ttfvoimsoBtof^itlwMa 
uboiit  the  earth,  has  hcen  arUtfuilf idiiideJiiBtoMi'lMan, 
whicli  is  ihe  basis  or  (band«tioaflfBll«(ir  DimsnHRlttekf  Mae, 
ubclber  days,  yearo,&e.  Hal  imillnslhii  ■■imilliinMiiw fifths 
sun.ioor.thMof  .tho  outhcnliaatealyilwdM^xiMulf  b«.<ilHWRd 
exactly,  acd  without  any  remaipdet^Jhj^tm^lftlticiraBltiltti, 
Thai  of  the  sun,  for  example,  is  306  dfty)^  A  bOura,  tffeaiatfei, 
nearly ;  that  of  the  moon,  29  days,  lftboam«  44tniwtt«.«MUty. 
Hence,  in  order  to  express  these  taetiaBa,ia.wkal»iBamben, 
and  yet  ip  numbers  which  only  es^Ma^  daT<«iidi¥eakiv*ycle* 
have  been  invented  ;  which, aoD>preAaiidiilsiae«c»alravoi«tJSBi 
of  t>e  same  body,  replace  it,  aCter  ailxitakitniiniber  of  yMBi,ia 
tlic  same  points  of  the  hcavep  wbepaeitlis«de|luiedF  *r;«Uek 
is  Illo  same  thing,  in  the  same  plaociofiUMenil'aaMDdab 

The  most  remarkable  of  these  are. the  fdloitisif  :H-3fe  OFtJt 
'•/Ihe  Sun,  or  Solar  Cych.  is  a  revolatie«df  tt<yNrB,4B  «Uefc 
lime  the  days  of  the  moaths  retors  again  totbaaaps  dafs  of 
the  week ;  the  sun's  place  ip  the  same  signs  andiBagnui  aftta 
ecliptic  on  the  same  moatta  and  dByg.^ao  an  Hot  tadUiri  eae 
degree  in  100 years;  end  the  lea|HjKai»be(pn  Um  aaaa  cMise 
over  BKxin,  wiib  respect  to  the  days^f  the. wank  On  vUeh  tht 
days  of  tbe  moulh  fall.  3lcC>e^of  l*c  Jfom^eMBiiMWycalM 
the  Golden  Number,  is  a  tevalulioq«f  IS'^Mrt;  in  vbiek  tisM 
the  conjuQciions,  op  po.si  lions, 'and  fltber  aafwcta  of  tbe  moss. 
are  within  an  hour  and  a  half  of  bcjig.'tke  sbom  aatbtff  wan 
on  the  same  days  of  the  months  Iftmara  bo6at«...  The  ladie- 
tion  is  a  revolution  of  15  yaars,  n|ed  ««)iy  byiba  RanMS,fc 
indicating  tbe  limes  of  certain  I^lynKBtdi  mnda  by  Ike  artjesU 
to  the  repablic.    It  was  egtablisUed  by  ConstanlMe,  A.  D.  Mi 

The  year  of  our  Saviour's  birt^,  Mcefrdug  to  Ifaa  ^mlfmimn, 
Was  the  ninth  year  of  tbe  solar  cychsntbe  Jrat  year  of  tlMtJiHr 
cycle;  and  the-3l3th  yesr  aAer  bit  birtbt was -tba  BMlnsr 
aficr  the  Roman  lodiclion.  Ht!OC»,toi^mAtie  yam-^Jkt  aJr 
Ci/cle,  add  &  to  any  Riven  year  of  Christ,  and  diride  tka  wm 
bf  %i,  tlio  quotient;  ill  Ibu  number  «f  cydes  dapsed  ^ua  to 
biriib  and.  tbe  remainder  it, the  oywlojlor.  the  fivaa  .jear:  if 

flothioB  reuiajnf.  ibc  cycle  ia  3&  <  

.  .Tu/in'JtVJ-''"'"  Cy/c— AddoBedhthegiMngranisrCkriil, 
and  divide  tbe  sum  by  l!>:  Hbe  quotient'ia  the  BnailMr«f«;dM 
elapsed  in  Uic  interval,  apd. Ibe  reiuaiMder'i»aba«vol«'tolk 
given  year:  iruolbinxjeuiSHis,  Ihe  oyclais  IS.  SauiftrnMatt 
31%  fipip  thq  gifren  f  eai  of  Christ,  and  divide  lb*  e^BiaAt  k; 
1&,  and  what  Kemwof,  after  this  difiaiaa,  i«  the  IndiatiBa  fK 
tUegiven.yaaii  ifjiolluBg  lemaina,  tlie  ladielioB  is  U. 

Tit  Cydt  of  Salter,  alsn  .called  tbe  Dwmymmt  Ptritd,  Is  i 
revoluiign  of  633  years;  found  by  multipiyiBff'the'SBlBr^de 
^,  by  tiie  Innar  cycle  IS.  If  the  new  moons  did  not  SMtk^itt 
upon  this  cycle,  Eatiei-day  would  always  be  the  Snaday  imi 
alter  the  fall  moon  which  follows  the  twenty^Bral  trfHaitki 
but,  on  account,  of  the  above  anticipation,  to  wltick  an  pnpc 
regard  was  had  bafMe  ttie  late  altorntion  of  tbe  atyle,  the  ccek- 
siastto  Easter  has  neveral  tluMS  been  a  week  diBereBI  Inm  Iks 
tri4e  Easter,  withiB  tUa  lastoeniaryi  wbkh  ineaB*e^Keii 
Dov  remedfed  by  ntaUng  tbe  table,  whicfa  nsed  t*  Gad  Buin 
for  ever,  in  tbe  Cossmoa  Prayer  Book,  of  &•  longkr  use  Ihu 
the  lunar  difference  frem  the  new  style  wlU  admit  of.  Tbt  ear- 
liest Easier  passible,  is  Ibe  23d  of  Marob ;  the  laleat,  theKllo' 
ApriL  Within  tbesc  limits  ate  tlLirty-Qve  days,  and  tbe  nonker 
belonging  to  each  of  tltem  is  oallcd  tbe  Number  of  Direadcai 
becausci  thereby,  the  time  o(  Easter  la  found  for  any  |i>ei 

CYCLOGRAPH,  an  instrument,  as  its  nmne  iaipoits,  las' 
for  desoribiog  the  arcs  of  circles,  in  some  naaoi  -wkaii  ca» 
passes  cannot  be  ompluycd. 
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.:-  u-ii 


.  simple  e^tk^-      ■    ■       ■  *■  •*   -.1^  ■">•>*  "H  ■  > 
X  m  M  •fa«j*  ■  ••'  "  ■ '  "^.^^'^it'^  '•"  ' 

Mwrt- in  difi  ^     ».;:,..  Z;^  '''•"*>«  ^ 

;n9'«t)^-<tei«t«4inlid  dia^  AtC;  AImmI  B  Are  tvo 
€r<faeili,  bc:tiw«*n  w)iteh>tile  <ey«1og:rapfc>  D  C  li  is 
Ye,  keeping  IniiN  legs  la  ooMlAht  oentaot  with  those 
will  tlie  anffle  C  de5^nbe  ihe  archiof  m  oircle,  ns  is 
dtnse  all  tinfcies  i»tlie  mMnb  schmeinsare et|w>l  to 
I  «iiil,  thcreloM.fCiNivMely,  f#  f Me  attics  be  equal, 
sitleMr«s6f  tt  tlnsle.'*  •         1 

[A>f .  (in  iGfdinetr.n')  'iNP':V>iM)CHon»,'  a  meohankal 
Ddontal    ourve;>  poises Ainf    Mveral   TSry   Mnlous 

t4e  fceocvatfooof  whieb  #111  be  uoderstood  from 
ilfiaure.    Ooii*  I'Xi..':  ■ 
sivnle  E  F  £  to  1 

IP  tlie  riffht  lino 
4anM  l>laiie  widi 
dtiiatiiLrd  point 

€%TctimUitnnr.i\ 
fdt  touobeil  ttie 
at  A,  hmclioi  it 
,  after  ub  entire 
;. then  the  curve 
*acod  upon  the 
tb«*poiot  P»  Is 
ddid. 

A<AI  brallcd  tlie 
UC  thevm*  <if 

;  4ukk  the'  clft'le  - 

int  F  be  with#»nt 
sfermfe  of  tlnr 
eimie,  then  Ike 
csiiMd  b?  that 
rofierly  aikked  a 
itdoihniunlyabo 
wUid. 

lUe  point  F  be 
iiioirdamforbnre 
derating-  nirdr, 
weiscullcU  the 
^•itf.  •■■'»' 

eqetatlop;  cirHc,  instpsd  of  revoWiDi;  .alonp  a  rij^ht 
ihr  abo\'e fiirurffs.  is'^iadoto  revolve  nlonfc  either  the 
r  con\e\  rirruiiifvrrnre  of  anMher  oireic,  then  the 
rnerjitud  is  nailed  nn  fipicYCLdiD :  tlie  principal  pro- 
Ifbiab  will  l»e  fo\inO  inidcr  that  article.  The  cycloid 
n  eurve,  the  invention  of  which  has  been  attribated 
U.  liho  wrote  about  the  ^pear  1501. 
not.  in  tirift  place,  enter  into  an  investij^ation  of  the 
lious  properties  which  belong:  exdosivelj  to  the  cy- 
his  would  occupy  much  mure  space  than  can  with 
ic  allotted  to  this  article;  wc  must,  therefore,  con- 
Ivrs  with  rnnmrratini^  the  principal  of  them, 
f*  of  the  i't/cloiii. —  Draw  any  ripht  ordinate  FGII, 
re.  join  Cii,  and  Trom  II  draw  H  1  parallel  to  CG, 
e  8\iA  DC  produced  in  I.  Then,  1.  I II  ix  s  tangent 
uid  at  the  point  IT.  2.  The  circular  arc  C  G  is  ef|ual 
t  line  I!  Cr.  3.  Thr»  srmi-circumfrrrncc  C  G  I)  :=  ficmi- 
4.  The  cTcloidal  arc  C  II  zz  double  the  chord  C(S. 
ni-CTclotdal  arc  V  IS  zz  douMt*  the  dinnictcr  (*  D.  (i. 
•f  the  riclnid  A  t'  B  V  =r  triple  the  arra  of  the  circlr 
.  The  thrive  5pum  A  T  D.  the  circle  C  G  D,  anil 
!  ei|i]al  to  carii  other.  H.  The  upper  sr^^mcnt  uf  a 
t  nir  hy  A  fine  pnridli'l  to  the  liase,  at  I  of  the  axis 
rericx,  is  rt\w\\  In  t!ic  rr-^iilar  hexagon  inscribed  in 
tingcin'le.  !).  The  5o1id  ;:rneratcd  hy  the  revolution 
uid  about  its  h.iHe  A  II.  i%,\o  it«  ^ir^llnlscrihin?e}Iin- 
o  H.  10.  The  Mtlid  generated  aliout  the  tangent  pa- 
be  b.ifte.  i.s.  to  its  eircumsierihing  cylinder.  a*i  7  to  8. 
be  solid  generated  about  the  taueent  parallel  to  the 
)  it!i  circum:icilbinjc  cylinder,  as  tJ  to  d. 
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rYCLOPTERf*8.  ike  Sticker,  a  genas  of  fishes  belonging  to 
the^ortlrref  att|TMbht' nan tes.  of  which  there  are  three  speeies, 
l.Thf  latnpfusor  luMt^'flsh,  Is  in  len|rfb  nineteen  Inches,  and 
weighs  «fveD  ptrntidtt.'  THe!^  -fish  abound  in  the  Greenland 
5(*a<i,  aird-on  tliH  eua^t  of  9eut1and.  ^.  Tbe  liparis  or  sea  snail, 
of  a  sof t  tmelnoeif  tvxfure.  ami  soon  melts  away,  is  in  length 
five  inrhesviind  tHe'colonr  a  pale  brown.  3.  CTyelopterus  minor, 
or  the  les^sef  Mcking  fbh,  is  found  on  the  coast  of  llritain.  It 
is  about  four  inches,  and  fastens  very  tenaciously  to  stones 
and  roeks. 

CYDER.  We  hare  already  treated  of  Cider,  and  as  the 
two  modes  of  spelling  this  word  frequently  occur,  we  have  taken 
leave,  under  the  present  orthography,  to  insert  some  directions 
which  may  prove  useful.  In  those  families  and  countrii  .4  w  here 
cyder  is  a  eommon  drink.  Let  your  fruit  be  as  near  the  same 
ripeness  as  possible,  otherwise  the  juice  will  not  agree  in  fer- 
Aienttng.  When  they  are  properly  sweated,  grind  and  press 
them:  ami  as  soon  as  you  have  filled  a  cask,  if  a  hocshead, 
which  is  one  hundred  and  ten  gallons,  ferment  it  as  lullows ; 
and  if  less,  proportion  the  ingredients  to  your  quantity. 

A  Ffrmmtfor  Cytier, — ^To  one  hogshead  of  cvder,  take  threo 
pints  uf  soKd  yeast',  the  mildest  yon  can  get;  if  rough,  wash  it 
in  warm  water,  and  let  it  stand  iill  it  is  cold.  Ponr  the  water 
from  it,  affed  -put  it  in  a  pail  or  can;  put  to  it  as  much  jalap  as 
will  lay  on  a  .sixpence,  heat  them  well  together  with  a  whisk, 
then  apply  stmie  of  the  cyder  to  it  by  degrees  till  your  can  is 
full.  Fut  it  «ill  to  the  c\dcr,  and  stir  it  well  together.  When 
the  ferment  comes  on  }tm  must  clean  the  bung-holes  every 
morning  with  jonr  finger,  and  keep  tilling  the  vessel  up.  The 
ferment  for  the  first  five  or  six  da}s  will  be  black  and  stilT;  let 
it  stand  till  it  ferments  white  and  kind,  which  it  will  do  in  four- 
teen or  fifteen  days;  at  that  time  stop  the  ferment,  otherwise  it 
will  impair  its  strength. 

To  stop  the  Ferment, — In  slopping  this  ferment,  which  is  a  very 
stnmg  one,  you  mu^t  first  rack  it  into  a  clean  cask,  and  when 
pretty  near  full,  put  to  it  three  pounds  of  coarse,  red,  scower- 
ing  sand,  and  stir  it  well  together  with  a  strong  stick,  and  fill 
it  within  a  gallon  of  being  full;  let  it  stand  five  or  six  boors, 
then  pour  on  it  as  soniy  as  you  can  a  gallon  of  English  npirit, 
and  hung  it  up  close;  but  leave  out  the  vent-peg  a  day  or  two. 
At  that  time  just  put  it  in  the  hole,  and  close  it  by  degrees  till 
yon  have  got  it  close.  Let  it  lay  in  that  state  at  lea.Ht  a  year; 
and  if  \ cry  strong  cyder,  such  as  stire,  the  lunger  you  keep  it 
the  better  it  will  be  in  the  body ;  and  when  you  pierce  it,  if  not 
bright,  force  it  in  the  following  manner. 

A  Forvin^/or  Cyrier, — Take  a  gallon  of  perry  or  stale  beer, 
pvt  to  it  one  ounce  of  isinglass,  beat  well,  and  cut  or  pulled  t(» 
small  pieces;  put  to  it  the  perry  or  beer,  and  let  it  steep  three 
or  four  days.  Keep  whisking  it  together,  or  else  the  glass  will 
stick  to  the  bottom,  and  have  no  effect  on  the  lii|Uor.  When  it 
comes  to  a  stiff  jelly,  beat  it  well  in  your  can  with  a  Hhisk,and 
mix  some  of  the  cyder  with  it  till  you  have  made  the  gallon 
four;  then  put  two  pounds  of  brick  ruhhinus  to  it.  and  stir  it 
together  with  two  gallons  of  cyder  more  addfd  to  it.  and  apply 
it  to  tl>e  hogshead;  stir  it  well  with  your  paddle,  and  shive  it 
up  close.  The  next  day  give  it  vent,  and  you  will  find  it  fine 
and  bright.  If  you  force  perry,  cut  your  isin;:lass  with  cyder  or 
stale  beer,  fi>r  no  liquor  will  force  its  own  body. 

To  cure  Acid  i'jftier, — It  is  always  to  be  observed,  that  even 
weak  atknliet  core  the  strongest  acid.  such,  for  instance,  as 
calcined  chalk,  caleined  oyster  or  scallop-»heli!(,  calcined  eeir- 
shellii.  alabaster,  ^:c.  But  if  a  hogshead  can  s<»on  be  drank, 
u«ic  a  stronger  alkati,  .«uch  an  salt  of  tartar,  or  salt  of  wurniwood ; 
hut  in  u.«iin:;  them  you  must  alHa>spreserve  their  colour  with  /«r, 
or  f-l>e  the  alkali  \iill  turn  the  liquor  black,  and  keep  it  foul. 

To  one  huirshead,  take  two  gallons  of  lac*,  and  put  to  it  one 
ounce  and  a  half  of  isinglass,  heat  well,  and  pulled  small:  boil 
them  together  for  fivi-  or  %'i\  minutes;  strain  it.  and  when  a 
still  jelly,  break  it  Hith  a  whisk,  and  mix  about  a  gallon  of  the 
c>der  uth  it:  then  put  three  pounds  of  ealcined  chalk,  and  two 
pounds  of  calcined  oystrr-.shells  to  it.  1llhi^k  it  well  together 
with  four  callous  more  of  the  c\dcr.  and  apply  it  to  the  hogft- 
head.  Stir  it  well,  and  it  wilt  iumiediatel>  discbarge  the  acid 
part  ftut  at  the  hnng.     Let  it  ktand  one  hour,  then  bung  it  ^tose 

*  Irttf  i»  niilL,  but  the  crcim  nait  be  tkimimd  off  il  for  u^^ 
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or  five  or  nix  dayi ;  raek  it  from  the  bottom  into  a  clean  hogs- 
head,  and  applj  one  quart  of  farcing  to  it  If  jon  a*e  a  ■trong 
mlimli,  put  to  the  Uefaar  onneesof  vajt  of  tartar,  or  aalt  of  worm- 
wood; but  the  rormerii  beit,Ba  it  hath  not  the  bUter  taste  in  it 
which  the  wormwood  has. 

To  eim  Oili/  Ctidtr.—Tbe  reason  that  cyder  ii  somelinieB  oil;r, 
•■  owing  to  the  frutt  not  being  sorted  alike  i  for  the  juice  of  fruit 
that  is  not  ripe  will  seldom  mix  wiib  ripe  jnice  in  fcnnentation. 
The  acid  pait  of  one  will  predominate  over  the  other,  and  throw 
the  oil;  particles  frora  it,  which  separation  ^vcs  the  liquor  a 
diaaicreeable,  foul  taste;  to  remed;  which,  jon  must  treat  it  in 
the  following  manner,  which  will  cause  the  oily  parts  to  swim  at 
top,  and  then  yon  maj  rack  the  liquor  from  its  bottom  and  oil. 

To  a  hogshead,  take  an  ounce  of  salt  of  tartar,  aad  two 
«unce*  of  half  sweet  spirit  of  nitre,  mis  them  in  a  gallon  of  la?, 
and  whisk  them  well  logetlier;  apply  it  to  the  hogshead,  bung 
it  up,  and  let  it  stand  ten  or  Efleen  days;  then  put  a  oock 
within  two  inches  of  the  bottom  of  the  hogshead,  and  rack  it. 

Observe  when  it  runs  low  to  look  to  the  cock,  lest  any  of  the 
oily  part  should  come,  which  will  be  all  on  (be  top,  and  will  not 
ran  out  till  after  the  good  liquor  is  drawn  off. 

Pnt  to  the  clean  a  quart  of  forcing,  to  raise  it,  and  bung  it 
close. — When  you  take  out  the  oil  and  bottom,  your  cask  must 
be  well  Gred,  otherwise  it  will  spoil  all  the  liquor  that  sbail  be 
afterwards  pat  into  it. 

For  Ropy  Cyder.~The  following  remedy  for  ropy  cyder  must 
be  proportioned  with  judgment  to  the  degree  of  the  disorder  in 
the  liquor.  If  the  rope  be  stiff  and  stringy,  you  must  use  a 
larger  anantity  of  the  inicredients. 

If  a  hogshead  be  quite  stiff  and  stringy,  work  it  at  least  an 
bour  with  your  paddle,  then  pnt  to  it  six  pounds  of  common 
alum,  ground  to  a  fine  powder;  work  it  for  half  an  hour  alter, 
and  bung  it  up  close.  This  in  a  week  will  cut  the  rope,  and 
bring  it  to  a  line,  thin,  fluid  stale.  Then  rack  it  iolo  a  clean 
hogshead,  and  put  to  it  one  quart  of  forcing;  stir  them  well  in 
the  hogshead,  and  bung  it  close  up.  If  but  a  thin  rope,  use  a 
less  quantity  of  the  alum,  and  work  it  the  same  way. 

CyderM  bad-Jlavotired.~HoBae  cyders  in  keeping  are  apt  to 
get  reasty,  through  the  ill  quality  of  the  ftuit;;  and  sometimes 
through  the  badness  of  the  cask  will  get  musty,  or  fusty. 

To  remedy  these  evils,  you  most  throw  it  in  ferment,  if  its 
body  isstrong.with  yeast  and  jalap,  and  let  it  ferment  throe  or 
four  days;  which  will  throw  off  the  greatest  part  of  the  taste; 
then  stop  the  ferment.  If  a  hogshead,  pnt  to  it  one  pound  of 
swcel  spirit  of  nitre,  and  bung  it  up  close.  This  will  cure  the 
bad  davonr,  if  any  be  left,  and  likewise  keep  it  from  growingflat. 

Tq  eobur  Cyder.— la  many  places,  particularly  where  the  loil 
is  light,  and  the  orchard  lies  rising,  the  juice  of  the  fruit  is 
neariy  white,  and  though  the  cyder  may  be  strong,  it  does  not 
appear  to  be  so  by  reason  of  ill  colour,  which  always  preju- 
dnei  Uie  buyer  against  it. 

Many  people  spoil  a  great  deal  of  good  cyder  by  boiliiif:  aud 
nilxiBK  molasses  with  it,  to  Kive  It  a  colour  which  not  ant> 
gives  it  a  bad  red  colour,  but  makes  it  muddy  as  well  as  bad- 
tasted.  Others  again  will  boil  a  lai^e  quantity  of  brown  sugar, 
and  mix  with  it,  which  gives  it  a  colour  indeed,  though  a  light 
one;  when  two  poundi  of  good  snjcar,  properly  used,  is  suffi- 
cient to  colour  ten  bogsheadn,  as  follows: 

Take  two  pounds  of  powder  sugar,  the  whiter  the  sugar  the 
htrtber  it  will  go.  and  the  better  the  colour  will  be.  Put  it  in 
an  Iron  pot  or  ladle ;  set  it  over  the  fire,  and  let  it  burn  till  it 
is  Uaok  and  bitter;  then  put  two  qoarts  of  boiling  hot  water 
to  it;  keep  stirring  it  about,  and  boil  it  a  quarter  of  an  bour 
after  yon  have  put  the  water  to  it.  Take  it  off  the  fire,  and  let 
it  stand  till  it  is  cold,  then  bottle  it  for  use. 

Halt  a  pint  of  this  will  colour  a  hogshead.  Put  to  each  half- 
pint,  when  yon  use  it,  a  quarter  of  an  ounce  of  alum  ground,  to 
■el  the  colour. — See  Cidbr. 

CYDONIA,  the  Qamcc,  so  called  from  Cydon  in  Crete,  which 
abounds  with  this  fruit.  The  species  arc,  I,  The  obloaga,  with 
an  oblong  fruit,  lengthened  at  the  bases.  2.  The  maliforma 
with  oval  leaves,  woolly  on  the  upper  side.  Tlie  most  valuable 
is  that  called  the  Portagal  quince,  the  pulp  of  which  toros  to  a 
fine  purple,  and  makes  a  gmd  marmalade. 

CYGNUS.  is  faMed  by  the  Orecks  to  be  the  Siraji,  under  the 
form  of  which  Jupiter  deceived  Leda  or  Nemesis,  the  wife  of 


Tyndards.'lLingofLaconia.  Leda  was  the  mother  of  Pollus 
and  Helena;  the  moat  beautiful  woman  of  her  age,  and  also  of 
Castor  and  Clytemoestra.  The  two  Tornler  were  deemed  the 
ofispriog  of  Jupiter,  and  (he  others  claimed  Tyndarvs  as  tbdr 
father.  According  to  another  fable,  Otpheiis,  (he  Gelcbnttd 
musician  of  antiquity,  laviug  bcco  killed  by  ibe  Cruet  pHesUls 
of  Bacchus,  the  gods  ine'amorpliosed  him  into  a  Swan,  and 
placed  him  among  the  stars  by  the  side  of  his  lyre. 

Boundariei  and  Conlfnts.—Ci sous  is  siluated  in  Ibe  Milky 
Way,  and  is  bounded  on  the  north  by  Draco,  eaat  fey  Luettt 
and  Pegasus,  south  by  Vnlpecula  ct  Anser,  and  weat  by  I^ra, 
There  are  dghty-one  stars  m  this  conslelladoo,  mr.  tniB  of  tbe 
1st  or  3d  magnitude,  six  of  the  3d,  twelve  of  the  4th,  kc.  The 
most  brilliant  stHr  in  Cygaus  is  called  Dttui,  whoaa  ligU 
ascension  is  308°  iff  IS",  and  its  descendon  44^  38*  SS^  Bortk. 
The  greater  part  of  this  conslellatioD  tnever  seta  Id  lat.  6V 
north,  and  Dentb  calrojnates  at  Irfmdon,  (br  (he  Srat  day  Cif 
every  mouth,  as  in  the  fallowing  table:  Meridian  Allitnde, 
63°  7'  32°. 
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CYLINDER,  is  a  solid  having  two  equal  oircniar  eods 
parallel  to  each  other,  and  every  plane  lection  parallel  to  Ike 
ecds  is  also  a  circle,  and  equal  to  them.  Cyliaders  ue  dtbtr 
right  or  oblique. 


Rg.  1, 


Fir.  3. 


A  Riffht  Cylindbk,  is 
Ibatwliose  side  is  perpcn- 
diculsr  to  the  plane  of  its 
baie,  as  the  figure  ABCD 
fig.  1. 

An  Obliijw  Cylinder, 
is  tliat  whose  side  is  not 
perpendicular,  but  oblique 
to  the  plane  of  its  base,  as 
L  M  N  O,  (]g.  2.  A  right  cylinder  may  be  conceived  to  h 
generated  by  the  revolution  of  a  rectangle,  as  P  B  D  Q,  aboel 
one  of  its  sides  P  Q,  which  remains  fixed,  and  which  is  cmSxA 
the  axis  of  the  cylinder.  Or  we  may  otherwise  conceive  it  W 
be  generated  by  carrying  a  right  line  parallel  to  itself,  sboal 
the  circumferences  of  two  equal  and  parallel  circles;  mHA 
answers  as  well  for  the  oblique,  as  for  the  right  cylinder. 

Tofindtht  Surface  and  Solidin/ of  a  Cylijtder,  vketkerH^tr 
obliqve. — 1.  Multiply  the  circumference  of  its  base  by  its  lenilk 
and  the  product  will  be  the  area.  2.  Hultiply  the  area  at  iu 
base  by  its  perpendicular  height,  and  the  product  will  be  tkt 
solidity. 

CyLI^ 
cylinder.    Cylini 
by  supposing  a  cylinder  to  be  bent  round  into  a  circular  for*, 
so  as  to  return  upon  itself. 

To  find  the  Sttrfaee  and  Soliditg  of  a  Ciretjar  Hiiig.—\ .  Haiti 
ply  the  circurafcrence  of  a  perpendicular  section  of  the  riaFi 
by  half  the  sum  of  the  inward  and  outward  diameters,  and  thU 
product  again  by  3-1416,  and  the  last  product  will  be  the 
surface  of  the  ring.  2.  Multiply  the  area  of  a  perpcndicnlH 
section  by  tlic  same  quantities,  and  the  last  product  will  be  tk 
solidity. 

CYMATIUH,  in  Architecture,  a  member  or  moalding  of  tlw 
cornice,  the  profile  of  which  is  concave  at  the  top  and  convU 
at  the  bottom. 

CYMBAL,  a  musical  instrument  of  antiqnity.  Itwasrooiid, 
aud  made  of  brass  like  our  kettle-drums,  but  smaller,  ni 
applied  to  a  different  use. 

CYNARA,  the  Artichoke,  a  genus  of  the  polycamia  aqnaHi 
order,  and  of  the  syngenesia  class  of  plants.  There  are  font 
species,  bat  only  two  are  cultivated  for  use.  The  garden  arti- 
choke, which  is  either  the  conical  krecn-hcaded  French  arti- 
choke, or  the  glotiular-beaded  red  Dutch  artichoke;  and  llw 
cardoon,  which  is  larger  than  the  prcueding.  The  former  i* 
propagated  by  slips  or  suckers,  and  the  laller  by  seed. 
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CS,  a  sect  of  ancient  philoiophert,  who  Tnlaed  them- 
K>n  their  contempt  of  riches  and  itate,  arts  i^id^sd- 
.cTery  thing,  in  short,  except  virtue  ormorality. 
^.  a  j^eaifs  of  insects  pi  the  order  of  hymenoptera,  of 
jwn  co\oiir,  and  produced  in  the  hard  ^alls  under  the 
is, 'peing  deposited  there  hj  |^e  jall-ll^. .  The  oak- 
M  IS  of  a  shining  green  colour,  and  tbcr^,  titt  nineteen 
!i  this  to^cct. 

^^8.  a  gcnas  of  the  monogynla  order,  In  the  tri- 
a^  at  plants,  raokinK  in  the  natural  method  under 
[d^r,  calamadie,  of  which  there  are  fifty-three  species, 
lipal  of  wliich  arc  the  round,  the  lon^  sweet  cypcrus, 
papyrus-  The  long  cy perns  is  used  by  perfumers  and 
The  papyrus  is  celebrated  for  its  early  use  as  paper. 
[Ejft,  or  Cipher.  To  write  in  cypher  denotes  the  art 
tunicallng  by  writing  in  such  a  manner  as  shall  be 
inly  to  tbo«e  who  are  acquainted  with  the  rules  bv 
e  characters  made  use  of  are  formed  or  disposed.  It 
pally  used  in  diplomatic  correspondence,  or  on  other 
affairs,  such  as  those  relating  to  the  operations  of  war. 
lature  of  alphabetic  writing,  and  the  structure  of  Ian- 
necessarily  imply  certain  indispensable  habitudes  of 
rs  and  words,  it  often  happens  that  the  laws  or  condi- 
de  use  of  for  the  sake  of  secrecy  can  be  detected  by 
Tsoos,  and  the  secret  by  that  means  discovered.  The 
icoTerint:  tho  sense  of  writings  of  the  description  here 
rd.  is  called  dccyphcring. 

./E\,  or  Coi^RiF.,  a  genas  of  insects  of  the  order  of 
Mtarear.  It  in  of  the  snail  kind  ;  and  there  are  forty- 
MS,  dlstingui.ihed  by  the  form  of  their  shells,  whioh 
as  nioDi'v  in  liengal  and  on  the  coast  of  Guinea. 

IN  US,  a  gcuus  of  fishes  of  the  ordor  of  abdominales,  of 


which  there  are  thirty-one  ipecles,  as,  1.  Thecaip,  foow^la 
the  rifers  and  lakes  of  Polish  Prussia,  H^c  Carp  ii  »  long* 
Ii?ed  fish,  and  instances  are  related  of  some  thai  have  atUiuMl 
the'agc  of  100  years.  The  carp  is  very  onaning,  and  on  that 
account  is  called  the  rifer  fox.  It  Is  very  shy  in  taking  a  bail* 
but,  in  spawning  time  it  is  easily  cau^b^  In  Prussia,  carp  aro 
often  kept  some  time  out  of  water,  and  grow  fat  in  their  new 
element.  They  are  suspended  in  a  net  in  a  cellar,  and  plonged 
in  water  every  four  or  %\\  houri.  2.  The  barbel,  a  coarse  fish, 
whose  roe  is  so  noxious  as  to  produce  vomiting,  purging,  and  a 
swelling  in  those  who  unwarily  eat  of  it.  The  barl^l  is  about 
three  feet  long,  and  the  dursiil  fin  i%  armed  with  a  strong  spine, 
with  which  it  inflicts  a  daugcrous  wound.  3.  The  teneh« 
reckoned  a  delicious  food  in  this  country,  welgha  generally  4 
or  5Ibs.  and  is  thick  and  short  The  colour  of  the  back  Is 
dusky,  but  the  head,  sides,  and  belly  are  greenish  with  a  mix- 
tare  of  gold.  4.  The  gudgeon,  found  in  gentle  streams,  seldom 
weighs  more  than  half  a  pound.  A.  The  bream,  which  inhabits 
lakes  or  the  deep  parts  of  still  rivers,  is  an  insipid  fish.  0.  The 
roach  is  a  common  river  fish,  never  exceeding  five  pounds.  7. 
The  dace,  also  common,  and  a  great  breeder,  is  often  seen  in  the 
summer  frolicking  on  the  water.  The  general  weight  is  lets 
than  2lbs.  8.  The  cephalus  or  chub,  is  a  coarse  bony  fish,  that 
frequents  the  deep  holes  of  rivers.  9.  Tlie  bleak,  is  common  in 
many  rivers.  At  some  seasons  they  are  so  much  agitated  as  to 
be  called  mad-bleak  by  the  fishermen.  It  is  supposed  that  this 
is  occasioned  by  a  hair-worm,  whieh  attacks  them,  and  of 
which  they  die.  Artificial  pearls  are  made  of  the  scales  of  this 
fish,  and  also  of  those  of  the  dace.  The  usual  length  of  the 
bleak  is  two  inches.  ID.  The  irold  Wsh,  a  small  beautiful  spe- 
cies, domesticated  in  China,  and  much  valued  as  an  ornament 
for  courts  and  gardens.  The  gidd  and  silver  fish  were  intro^ 
duced  into  Bngland  generally  in  1723. 
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I  loorth  Letter  of  tJie  Alphabet,  and  as  a  numeral 

500,  with  a  dafkh  over  it,  i)  5000.    In  abbreviation  it 

lus  si fsnifi cations,  as  I>.  I>.  doctor  in  divinity  ;  BL  D. 

a  medif'ine.     In  Music,  J>  marks  in  thorough  bass 

Italians  call  descanto,  denoting  that  the  urebTe  eught 
looe.  as  T  does  tlie  tenor,  and  B  the  bass.    D  C  means 
Bviatioo  of  dc  capo,  or  from  the  head. 
ON,  a  name  given  to  certain  spiriU,  or  gcniiY  which, 
.  appeared  to  men. 

.Y,  in  rural  affairs,  a  place  appointed  for  the  manage- 
uilk,  and  thr  making  of  butter,  cheese.  &c.     Daix}-  . 
re  to  be  kept  perfectly  clean ;  and  lattices  are  to  be  [ 
1  to  windows;   and  if  their  situation  can  be  fixed 
spriui;  or  current  of  water,  it  is  to  be  preferred.    The 
eceptacU'S  for  milk  are  earthen  pans,  or  wooden  vats, 
i  should  not  bo  used  on  any  account,  as  it  is  highly 
M,  unless  the  greatest  ciro  be  used  to  scald  it  daily. 
\GE.  in  Liiw,  is  generally  understood  of  a   hurt  or 
ice  attt-ndin^  a  person's  estate ;  but  in  Common  Law,  it 

of  what  the  jury  are  to  iuc|uirc  into,  relative  to  the 
or  d«  fendiint. 

^hfaixunt,  i<  uhrre  tlie  br,x«ts  of  another  come  upon  a 
ad  and  spoil  his  corn  or  grass,  in  which  case  the  owner 
lound  them  till  s.-itisfaction  be  obtained. 
VSK.  a  sort  itf  »ilken  stuff,  both  in  warp  and  woof;  or 
warp  silk,  and  the  woof  llireud ;  or  all  thread,  or  all  ' 
knd  namttAhitnintf  is  the  art  of  beautifyjn;:  iron,  or 
r  iul.i>iii;;  it  uiih  srold  tv  silver  wire,  as  in  sword 
{uard*i,  and  griprs.  lock.s  of  pistols.  &c.  Were  the 
*  Britain  to  turu  their  attention  to  this  subject,  they 
on  rival  iillotbi-r  countries  in  the  world  in  damaskeen- 

• 

'S,  noxious  exhalations  issuing  from  the  earth,  and 

oust  instantly  prove  fatal  to  those  who  breathe  ihcm.  \ 


We  allade  here  chiefly  to  toml  min§dmmps,  enlled  rAoA/  and/r« 
damps;  the  former  is  carbonic  ac\d$a»^  generally  prevalent  in 
wastea,  or  neglected  works;  the  latter  is  hydrogen  jfut,  or 
inflammable  mir.     See  Smfctjf  Lmmp, 

DARK  Rays,  in  Philosophy,  are  certain  emanations  from 
the  sun,  that  have  been  recently  discovered,  which  ere  not  per- 
ceptible to  our  eyes,  and  are  only  manifested  by  their  efl'ticta  on 
the  tbermooieter.  Thus  when  the  rays  of  the  sun  are  refraeted 
by  a  glass  prism,  and  form  the  coloured  spectrum  upon  any 
surfarc,  a  thcnuometer  placed  be>ond  the  spectrum  is  elevated 
by  tiie  heat  of  certain  rays,  or  emanations,  wliir.h  are  by  no 
means  visible ;  and  which  have  thence .  been  denominated 
calorific  ray^ 

DATA,  in  Mathematics,  denote  certain  quantities  which  are 
given  or  known,  and  by  means  of  which  other  quantities,  which 
are  unknown,  are  to  be  determined.  Buolid,  in  his  book  of 
*'  Data."  uses  this  term  to  denote  such  spares,  lines,  angles, 
&c.  as  are  given,  or  to  which  others  ntay  be  found  equal. 

DATE,  in  Law.  the  description  of  tike*  day,  month,  year  of 
our  Lord,  and  3  ear  of  the  king  in  which  a  writing  is  made.  In 
writings  of  importance,  the  date  should  be  in  words  at  length. 
Vn  aa/r-date  is  that  prior  to  the  real  time  when  the  instrument 
WHS  signed.  ^  A  pcuc-date  is  that  which  .is  posterior  to  the  real 
time. 

DAY,  in  Astronomy,  is  that  portionef  time  which  elapses 
between  two  successive  transits  of  the  aiin  over  the  same  meri- 
dian :  and  the  time  is  reckoned  from  noon  to  noon,  and  consista 
of  twenty -four  hours.  This  is  called  a  nmiurml  day,  being  of 
the  same  length  iu  all  latitudes.  The  eriijictal  day  '\%  the  time 
elapsed  between  the  sun's  rising  and  settiag,  and  is  varable 
according  to  the  different  latitudes  of  places. 

A  nuoH  Solar  Ihkjf  is  measured  by  e^ual  motion*  as  by  a 
clock  or  timepiece,  and  consists  of  twent^-fiour  honrs.  There 
arCp  in  the  course  of  a  year,  as  many  mean  solar  da>8  as  there 
3l 
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Bra  trae  solar  diji,  tho  cloek  being  &s  mucli  fastoc  than  the 
•ua-diklonionie  dayB  of  the  year,  u  tbo  suH'iJial  u  fosUfr  |h>A 
the  ckwk  on  othen-  Tfautbe  clock  ■■  faster, Utao  the  suQrd^l 
{torn  the  twentj-fourth  of  December  to  itie  fifteenth  of  Apqil,. 
aod  from  tha  aUtMnth  of  Jan^  tU  the  iliiitj-lir«t  of  Afigu^ ; 
butfrayithe  fifteenth  of  April  tv. the,  sixteontli  pC  Jum.  ^"4 
from  iba  thirty-Grst  of  Aogiut  ta  tba  t,ne(Lt»'-fuur4li  of  iJc(«ni- 
ber,  tha  HU-diaJ  is  futer  tbAOthe  olock.  Wliea  tlio cloct'ia 
faster  then  the  suo-dial,  the  true  loiaT  day  exoecdl  twenty 'four 
faoara ;  and  wheo  the  Baa-dial  ii  faster  than  the  dock,  the  trac 
■olar  day  is  less  than  twenty-four  hoars  ;  but  whca  tbg  dock 
aud  the  sao-dial  agree,  riz.  about  the  flfteeiith  of  April,  sirr 
teenth  of  juue,  thirty-first  of  August,  and  tweoty-fqwlU  ,a{ 
Deeember,  the  true  solar  day  is  eiactly  twenty-four  lioora. 

DagM  of  the  WmA.— These  are  Sunday,  Monday,  Tueadoy, 
Wedneiday,  Thursday,  Fiidaj,  and  Saturday. 

Tie  Jiautieal  Dai)  commences,  either  by  obsecvatiou  or 
aceouat^  when  tbesunison  the  mendiaD,wtHcliiseen«iBJlj  sup- 
posed to  be  our  Vi  o'clock  atnooa  on  shore.  Al  tlint  moin«nt, 
the  oflMer  of  the  watch,  or  more  eommonly  tho  master'  ofi  tbc 
ship,  orders  the  uiaiioe  sentinel  to  tnrq  a  half-houc  sand  glasi, 
whwh  he  has  always  in  obarge,  wliiob>has  bueo' ppavUualsr  'on 
out,  and  IrA*  nght  btlU  foneardt  nhicb  is  aoeordiitgly  done, 
and  the  dinner  is  piped,  Na  sooner  is  this  gjas^'  run  outi  than 
the  aenliuel  calls,  "  Strike  the  belLoHe.  forward  ■"  and  again 
taruit.when  the  grog  is  inimodiately:  piped.  When  it  runs 
oat  a  ■ecood  time,  he  again  calls, '.'  Strihei  the  bdl  two,  for- 
ward;" which  is  DO  sooner  done,  than  tbe  boatswain's  male 
calls  the  afternoon  watch.  Thus  Jbe  prscoeds  until  Ur>  comes 
tothea^itA  bell,  which  is  u«.  sooner  suoch,  than  ttic  waicb 
expires,  and  the  grog  is  again  piped.  Pae\'i»as  la  tliia.  how- 
ever, inorder  to  relie*e.th«  quartmoMistBT,  the  hclinsraan,  the 
look-oat  at  the  mait  head,  and  the  sentinel  atihc  prlnss.an 
individual  of  eaoh  of  these  classes  of  the  wntcb  beloir.  goes, 
when  the  seventh  bell  isstraek,  tolhapursei'i  sleward,  gels 
bis  quartern  of  grog  uniaixed,  take«'M«  .sapperv  ried  is  ready, 
as  soon  as  the  8th  strikes,  tO>  (etievc  l^s  oipin  inth  the  rest  of 
the  watch.  All  hands  ttow  take  supper;  and  when  one  betl 
again  strikes,  the  first  Jag  iMtek  is  called.  Thia  in  only  a 
watch  of  two  hours;  and  aeeordiagly  when  the  4ih  bdiJias 
struck,  the  second  dof  malth  is  oalled,  -which  lasts  other  two 
hoars,  and  brings  the  auppascd  tim^  pretty  accurately  to  our 
eight  o'dook  at  night  ^thiaitinM^Tliowcvarj'thB  hammocks 
haviDRbeeu  piped  down,  itha.vMch.lrelieved  generally  a^cntrcs 
to  rest.  The  watch  on  deek,  ahc^ore,,  execute  allitbe  neoci> 
aary  duties  of  the  ship  antH  their  8t]t  bell  is  sbsckiiwhpnthe 
Msririfa  wdtrAU  called;  and  tiwaB.  again  are  relieved  in  itbesaiup 
time  by  the  auntmo  mlcA,  iAdi  do  Ifeft  xhlp's:duty  duripg^  diher 
eight  bells,  wbieh  briBgs4h«*tibe<to  nar  dght  Q'eloek'iiv'tht 
morning,  when  breakfast  is  sriwi^alpiped.  Air  Miml  at  imc 
beti,  the  fnrenoon  watch  Is  eallDd,'.whi>do  the  dutJeBjgf.Clisidcck 
while  the  watch  bdow  are  Ctmugatidg  or  NoruhbiiiK  the  tow«r 
deck,  or  probably  mending  their  cIMbes-  and  AIiUb  'they  lien- 
tinue  nntil  the  oitemalioA  tf  tkr  miwat  nooa  ix.at::ajn  tnkds,  if 
the  weatber  is  favourable,  and  ^aayiBeaessary  eorledtiod' made 
UD  the  time  lost  or  gained.  Wlienithe  n^AtAbnlhis  enceimim 
sttuek,  the  day  al  tea  is  completed)' the  glass  ia  turned  to'coin- 
menee  a  new  one,  the  dinner  is  piped,  and  the  watc  b  callckl  as 

Days  of  Grace,  in  Commerce,  are  those  allowed  for  the  pay- 
meat  of  a  bill  of  exchai^e  after  tbe  trnm  bMomea^  due.  in 
Eni;laDd  they  are  three. 

DAY'S  WOKK,  the  reckoning  or  account  of  a  ship's  course 
AT  dbtance  run  during  24  hours,  or  from  noon  to  noon,  accord- 
ing to  the  rules  of  Trigonqmetbt. 

DAVIT,  a  strong  beam  of  timber  used  ns  a  crane,  whereby 
to  hoist  (he  dukes  of  the  anchor  to  the  lop  of  the  bow,  without 
injurinc  the  planks  of  tbe  ship's  side  as  it  ascendii;  an  opera- 
''~    whieb,  by  seamen,  is  called  fishing  tbe  anchor  ;  tbe  lower 


otber  end  is  bang  a  large  block,  throngb  which  a  strong  rope  is 
reered,  called  the  Gsh-pendant,ito  whose  outer  end  ia  fitt«d  a 
large  hook,  and  to  its  inner  ead  a  tackle ;  the  former  is  called 
the  fish-hook,  tbe  latter  the  fish-tackle.  Tbc  aachor  being  llrst 
oalled,  the  Ash-book  ia  hatened  on  iu  flukes,  and  is,  by  means 


oftl|(.-  lish-pppd;^t  and  t^1(lc,4'aifi>'iiP  su0i«icollj, high  HMD 
tbebqw'lOibeHia^p  lailiW.llw  BUankrP#i.?»of..  TJi*)»rttedatii, 

accordinit  to  tlif.,wa,jilwfise,  iffi  ejBipl<>j()d,wl\«b,;jM  stwhw. 
There  i»,j»lw^ftiAl^)^'tiftl'n«.sraaller  kiadj,  owaHouallir  &tA4M 
the  iDug^oai,  an^^(%tftib«,nfsistMscfie<a«(Dall  nMidj«s», natd 

to  wdgTi  the  anebor  by^.l^Wiynropa,  tee. ,    .,|.  ..    ,,,„■!'■.■.. 

that  noxt.bolow  tb9urj«ii4VffQd-      ,   j, ,i  .,   i, 

DEAD  EYE,  or  DE4pM*N'fl  Evf.„  asort  of  fomi  «a«)»H 
wooden  black  enoirclotl  with  B  rope,  or  with  an  iron  band,  and 
pierced  wilii  three  holes  Ihrousti  the  DM  part,  in  order  U 
recdfo  a  rope  Mllpd  -thft  boiard,  nthieh  'oarrMB^iri'M  *^ 
thre^  bolea  in  anqtber  .dead  qje.  cra|ites  ■  Hun>fciii#i leippJcy %i 
forTarioas  nsea,  butjclneQj  fa  eztapd  l)ie  ghaimiim.ni  stay*, 
otherwise  cajlfld-  fh|»  fffindiv.riggingv,  In  oqdei,|jrA>nnUis 
pnTphase,ione4f  tbetd^^.^yes  ia  bateoed  in  t^a  nppei  liak  of 
each  chain  on  the  ship's  side,  wUob  is  made  iwuid  4o  necin 
aadeaaoi|ipAS|the)iqllnF4do«tefedseHfttrdBBdxjn  After 
tbiathe  laniard  is  fasc^nltimatelyitliroBgb.^tto  llpleaiUlke 
nppw, and  lower  .iteft^9i[pa,li]l'it,befDmM«ixf(ri4i  wiilialheB 
dT«,¥n  tight  br.,tbBrftpplwati«i  oCoiQchaaioft]  yswara^ita-aKt- 
ohaot  ships  ilwjtiaiM  genoraUj  fitted  iwi(k  iroB,v]MH„w  ito 
n)om.ofoha)n«.»i  ffh^. deaA' ley eai Died  liur]^ba«t«iy«ilMt*eeilf 
one  hole,iwhloh(  bo«flver,'itB  Ur^)  enoHg))  ,tp  raoaivB  Ian  et 
twelve  turns  of  tlie  laniard  ;  these  are  generidly  tarmqtf.  Ibtitt. 
Til*  orowfett  i)»rf 'i^»,  are  iong  eylJAdrieal  t>lDPht«.irtlhs 
nun^tef  of  small  boles  in  thei>i,"t*  recn^delega,  ti  lines,  ef 
which  the  crow  foot  is  composed.  ^  .,  .i     • 

.JDBAD.UanTS,  Btnnfc  wwdeik. ports  nadftunetlrtoii 
tho  (*)bin  windows,  ia  wkietr  they  are  fixed  on  tlw  ■m*'*'*^  ^ 
a  storm,  the  gUak  fnraes  being  taking  ontt  vdfiah  wonld'etbei- 
wise  be  shattenedib]'  tbe,  violence  of  ithe  wnKes,  «iullel(n« 
qmnUtle*«£ibeiwaber.pwiriatatl)e-shifh"  i 

SEADBECKONIMS,  tb»jadgiMut«n.estiimti0n;wUehii 
made  oC  the  plaCQ  whne  a  ship  ia  ntaatnd,  wilboatany  ohsR- 


oaurse  f  teerediby  ithe  compate,  and^reetifyinc  those  data  by 
the  nsoal  allowanota  -  for  drift,  leeway,  iux.  necanlinf  to  (k 
ship's  known  triip ;  this  reok<ni«giia,  howoWv,  alw^a  to  k 
ootreoted  aa.afteftaa*ny£oad  obaeiiation  of  tho.  avn  canbt 
obtained..  ■■'^'     ■  i        .       ' 

PBADIU3INa,.«DRllINfiLl»IIOflM;flMWjtbMBpMtl<( 

a  sbip'd  floorjot  battnm'throlJgho^t^er,'1^<deieBgti^wile■e■kl 
fiMntinberisiMminiited«n  the  lower  httaidc.  i  i 
,  DB\D  KQP^,  arfl  those  whith  da  noL-mn  inanjrbkMk. 
.  DSAQ  WATBB,  lbs  addy  of  wale*  irtnob  appeara  Uke  liHle 
wWt)poaise(ofia|piDwhhtheabip'«Bter>Ba  she  sails  thfon^iL 
.  DEAD  WOOD,  Jin  Nay^  ArchitBOlurc,  oertain  bloeki  tl 
timber  laid  upon  the  keel,  partionlarly  at  the  extnnnitieaiito 
atidr.«l}*£tt  wberaHiBBeipiceesare  plaiead  npon:  oaifi  oiher  ti s 
considerable  height,  boaanse  the  ibtpia  tbete«eiBarrav«a  art 
Miadaijl  of  tbe  two  <  half  tinbers,  whieh  at;e  theAlot*  Mond 
i«to  ihid  dead  woodt.when  the  aiigle  of  tke 'floor  timbcn 
gcadaally  aiminiskee  aa  appmachinf  the  slam  and  ateii 
pofti  in  ihe  fere  part  of  the  shiD,  tbe  dead  wnnd  generally 
attends  from  the  stetnson,  upon  woiclril  is  eoaxfed,  te  the  leal 
frame;  andiin  tbeafieread  from  tbe  stempoat,wfaera  it  beta- 
fiatd  by  tbeknee  to  the  after  balanoe-fmmej  ItiaoDnnedsd 
to  tho  keel  by  strong  spike  nails.  Tbe  desui  wood  afore  sad 
abaft  is  eqaal  in  depth  to  two-tbirda  of  the'  depth  of'  the  ktd. 
and  as  broad  as  can  be  procured,  ao  as  not  'to  exceed  ft) 
breadth  of  tbe  keel. 

DEAD  WORKS,  all  that  part  of  the  ship  whiob  ia  ahor* 
water  when  she  is  laden.    He  aamc  as  Uppek  Wokr. 

DEAFNESS,  tbe  want  of  the  sense  of  hearing,  wising  eithn 
from  an  obstruction  or  a  compression  of  the  anditorj  nems, 
or  from  some  collection  of  matter  in  the  oavitiea  of  the  inan 
ear,  or  from  the  auditory  passage  being  stoppml  bj  aoM 
hardened  excrement  t  or,  lastly,  from  sobm  exoreaoence.  ■ 
swelling  of  the  gland*,  or  some  foreign  body  intradaeod  witUa 
the  ears.    Persons  bom  deaf  are  also  dumb. 

DEAL,  a  plank  of  Gr,  made  by  sawing  tbe  trunk  of  the  tree 
loDf^tudinalty.  Deals  are  bardeaed  by  tbroVing  then  iste 
salt  water  as  soon  as  they  aro  sKwed,  and  keeping  them  tberria 
some  days,  and  then  drying  them  in  tbe  aon. 


BBC 


mCTIOlTAIlY    OP   MBOHAHfCAL  SCIRNGB. 


D  BO 


ns 


AtfdiAptrr  li^«f<Hf1li^<1rtti'Gh\lki<Mil  ili«^("^ff 'tfe«n> 
I  Mnr^'n^  <4ifcrttf^H^A  tVt'  ^ettt  df  fflhtflK  IH«V  denh  of 

^ilirfe>'«^HkfrHi^j|  iiWrhi  thcfH'dt^Hct,  ftnd  rcv^^rtin^ 
ition  of  the  saiMfe  <n  the  ftWIiMil^-."'  '  "•  •  =• 
Attd  VkAjf^J'AfifHM'h^htWli  rOttiMF  «(>  assist  him  in 
rs  of  relif^ion,  and  to  a^^nVtn  ^Hti't^'frr^iit  wiritfh  the 
tiaN  ihakiMO'lkiiid  li<!i'5urr(4<iior!i.    An  a  deau^rj  im  a 

<lig;iiit>',  hi'mrf  a  man  raonot  he  a  deau  and  prebf  n- 
the  ftanK*  church. 

'H,  physlralW,  th^  exilftrtfnfi  oraniinal  llfr:  In  Law, 
a  natural  death  and  a  citil  death  \  the  forifier  whcrf  a 
ictuaflr  ifkfi^  the  latti-r  where  he  in  adjadr^'d  to  be  no 
ThiiA  If  a  per90ii,  for'wh^e  lire  aW  entiite  in  irratited, 
t  seven  ^rars,  and  there  is  no  proof  of  his  hcing  living, 
be  aeMHinted  a.^i  dead. 

'H-M'ATCH,  a  small  inscet  which  makes  w  tfeklnfi^ 
e  the  heating  of  a  wnteh.  There  am*  two  speeies,  one 
k'^oim  eolrHir,  spoltfil,  having  pelloeid  winf^ii  under 
na,  a  cap  on  the  head,  and  two  niitennis  proceeding 
letth  the  eyes.    The  noi.^e  which  it  makes  is  a  sio^al 

the  male  and  female.  The  Second  kind  in  a  small 
mert,  much  like  a  louse  when  viewed  with  the  naked, 
ed«ve. 

SNT'UKK,  a  CuMom-hmise  certificate  delUelrd  to  the 
'  of  fpouds,  by  Yirtne  of  which' he  is  entitled  to  a  hoonty 
^ack. 
r«  N  iTinK4i.,  the  enrafrement  entered  Into  by  n  ^ovctn- 

•  repay  at  a  future  period  money  advanced  1^  indi- 
for  the  pnhlie  service,  or  to  pay  the  lenders  an  eqni- 
naniCy.  Nationol  debts  have  arisen  from  the  necessity 
lin^  lar^rr  sums  of  money  than  could  be  raisc«l  at  the 
y  wore  wanted  by  direct  cimtriiiutions ;  and  often, 
wouM  have  been  absolutely  impcMsible  to  raise  the 

•  Mm  if  n  heavy  tax  had  becti  imposed,  and  strictly 
t  has  been  dee  mod  more  prudent  to  avoid  the  eviN 
it  on  Korh  a  mea^mro  by  the  less  obnoxious  expedient 
t.  In  imtst  countries,  the  subordinato  fcovemors,  to 
I  irenerally  eonsiffned  the  task  of  pro\idini;  k^r  the 
'Xpenaett,  lieiny  desirous  of  popnlarity,  have  shewn  a 
'edilectiim  for  this  mode  of  obtaininir  money,  as  it 
them  to  sup|M)rt  a  pn»faso  ekpenditnnr,  withoot  ap- 
to  oppress  the  pco]>!e  in  so  great  a  degree  as  they 
le  must :  the  sTstem  of  petti nfc  into  debt,  or  the  fund- 
en*  as  it  is  irenerally  called,  from  pnflicalar  fatids 
aally  appropriatetl  fur  payment  of  intesoat  on  the  debts 
ed,  has  therefore  beiv  adopted  by  iiMst  of  the  states 
pe,  b^'  many  of  the  colonies,  and  by  th<^/Amerimu 
S.— WatkIKS'  tyWri/M»rfi«. 

ICIiOKIMIN.  a' musical  instrament  like  the  harp  with 
iirs.  called  by  the  Hebrews  nasur. 
ktiON,  a  plaue  freometrical  figure,  of  ten  sides  and 
es.  When  ail  tliu  sides  and  angles  are  equal,  it  is  a 
deeafcno,  and  may  be  inscribed  in  m  circle ;  otherwise 
the  radius  of  a  circle,  or  the  side  of  the  iasoribed  hexs- 
divided  in  extreme  and  mean  proportion,  the  prreater 

will  be  the  side  of  a  de«!af(on  inscribed  in  the  same 
And.  therefore,  as  the  side  of  the  decafcon  is  to  the 
io  is  the  radius  to  thr  snm  of  the  two. 
iMBEK,  Thk  li«M4Mr4i.  k\LFNi)An  for.  instructs  as 
yeardener's  uperatitms  are  chiefly  of  the  laborious  kind  : 

nights  and  short  du>s  Ki\ehim  ample  leisure  for  study, 
s  be  of  the  slovenly  trilie  of  i;ar<lcners,  whose  ndm'ls 
:  their  irardeiiH.  and  are  known  rather  by  the  ex  eel - 
fli  rrowth  of  tht!  wreds,  than  by  order,  rep^larity,  pro- 
mI  siMpntitic  reputation. 

•  Kitch*ii  (watkfh,  this  month  sow  peas,  beans,  and 
:  but  consider  the  rcMilt  uncertain.  Protect  beans. 
nt  cabhaires :  I'arlh  up  pens  ami  beans;  cover  their 
itb  ashe.i,  sawdust,  or  old  tan.  Tie  up  endi\e  ;  weed 
;  tir  np  esrulents.  as  borecoles;  destroy  slo^s,  snails, 
ad  till  the  ice-house. 

hardy  Frtnt  Drpmrtment,  we  plant  the  apple,  pear, 
TV.  rurrnnt.  &c.  in  mild  weather  :  and  all  trees  not 
n  November  arc  ouw  lu  be  pruned.     In  the  routine  of 


cifUurc.  ^^neh,  dftf;  and  ridfce  tip  in  dry  weather.  Bahanited 
soH^  mliMf  h^w  bcreenfited ;  tarfa*  'of  moths  must  bed  est  roved ; 
aM'thetettiticfatttre  of  tlie  fl^it  cclfan'Uust'bif  kept  frtmi  9t]P 

hi  lAe  c*fiAiii^  IJit'htmir  Defntiment,  sow^'imNH  sallads, 
f?ive  ahMdatite  of  arr  in  dryweatMer,  but  pfn^ct  in  frosts. 
Jief^in  16  fnfee  aspsrrafras,  prepare  ctfeombe^^'bcsls;  keep  a 
steady  heat  fn  tlhe  |dnery;  and  let  the  fordtifr  houses  be 
rcfrularly  attended  to. 

Little  Is  done  in  the  flower  department  this  month,  except  In 
a  liberal  use  of  asties,  tan.  Ice.  to  bulbs,  hydrangeas,  lie. 
Attend  to  alpines,  florists*  (lowers,  annuals,  he.  fn  the  j^reen* 
house  the  lowest  temperature  nrast  he  4rP,  tbe  holiest  4€P. 
The  dry  store  maj  average  from  4(P  to  60^.  '  But  the  back 
stove  imist  avera^  from  6f>^  to  AnP. 

In  the  Pleasure  Gritund  unH  Shrwhhrrjf^  plant,  ]wune,  protect 
areofdiinr  t^  the  weather ;  repair  walks,  roll  them ;  sweep  and 
clean  lawns*,  lay  dowti  turf;  ami  fell  all  trees  that  are  to  be 
removed  aN useless,  or  for  their  tinib<'r  and  bark. 

DBCKMVIRI;  icn  magistrates  chosen  >N-arly  at  Rome  to 
govern  the  eommofrwealth  instead  of  enuMiis. 

l>KOII>P(-*<Jii.  in  Botany,  a  term  expresnive-  4^  the  second 
sta^e  of  duration  in  plants,  but  susceptible  of  tffitferent  senses, 
accord iRfc  to- the  pa nhailar  part  o^'the  ptll|^  to  which  it  is 
applie<1.  >  A  leafis^-said  to  b^  deciflUnos  which  itrops  in  autumn ; 
petals  «i«  dcwidumis  which  fall  oflTwith  the  .stamina  and  pistil- 
him;  and  Ibis  epithet  i<  applied  lo  sm-h  llower-eops  as  fall 
after  t ha < expansion,  alhd  before  the  dvoppinpp'of  the  flom-er. 

Most  plants  in  cold  audit rvAporale  elimtsites  shed  their  leaves 
yearly.  This  htippens  in  mitumnr,  and  fsfivncriilly  announced 
by  the  flowerlnir<«f  the  commuB  neadow  sairron.'  'The  term  is 
only  afiplind  to  trees  and  shrubs  ;  for  herliatperisb  down  to  tho 
root  every  year,  losing  stein,  leaves,  kml  all.  All  plants  do 
not  drop- their  ^leaves  kx  tho  same  time^  Amonyc  larfre  trees, 
the  ash  aadwalnat,  althonrh  latest  in  unfbldlnfr.  are  soonest 
divested'  of  them  i  the  latter  seldam-  carrica  its  leaves  above 
five  months.'  On  tho  oak  and  hnm-bea^i the  leaves  die  and 
wither  as  soot^«^  the  ooltl«oniiHieaeea7  bM  rciiiahi  attaehe<l  to 
the  branohes  fill  tkty  are  {itislicd  off  by  die  new  oaes,  which 
unfold  theaisclvi's  thofollawita^  sprinir.  Tlieae  trees  are  doubt- 
less a  kind  of  evevirreens?  the  leaves  are  probably  destroyed 
oniy  |gy«old^  aad,  perimpst  wAuM  ac»iitimif  lonrnr  upon  the 
plant,  but  lor  the  force  of  thespriBfC»sai|^,  jolnedtotlie  moisture. 

With  respnri  to  Ibe  deeiduous  trtws,  the  iallinir  olf  of  the 
leaves  seama  piincipaNy  to  depend  onftliu  temperature  of  the 
atmosplieroi  which:  like  wine  8ersr<4'  to  hssten  or  retard  tho 
appearaiica  inquHtioa. '  An  anient  «un  6ontril»uteiS  to  hasten 
thudroppinp;  fl€  llic  'leaves,  llmicc,  in  imt  and  dry  summers, 
tbe  lenvH  of  the 'lime -tree  and  hors»4*hcsn«t  turn  yeMnw  about 
the  1st  Isf  HA'ptfcnibbr;  vliikit.  in  other  yeans;  the  mellowness 
does  not  apl1ca^ltill  ihe  brginnlnt  of  tlrtober.  Nothing,  how- 
evor,  rontribuirti  more  to  hasten  tia*  fall  of  the  leaves  than  im- 
moderate cold  arlaoist  weather  ia  aiitoroo ;  modreate  droui;hts, 
on  tho  other  haad.  serve  to  retard 'it.  It  deserves  to  be  re- 
markrd.  that  aa  fivemrecn  treo  grafted  upoa  a  deciduous, 
determines  tho  latter  ti»  retain  its  leaves.  This  observation  is 
eonlirmed  by  rupeativl  esqioriments^  particularly  by  f^raftinjf 
the  laaral,  or  clierry*hay.  an  evurfcreen,  on  the  common 
eherr>  :  and  the  ilex,  ur  c\er!;rcen  oak,  on  the  oak. — AVAraiKS' 
i^ffehptntiu  'Ui     - 

'3)KCIK.4  TANTliM,  in  Law.  a  writ  that  lies  against  a  juror, 
who  has  been  bribed  to  j^imc  his  verdict. 

DKC'IMAL,  AniTHMRTir,  (Uecimal  Tentht^  in  a  (renera! 
sense,  denotes  the  comnirm  arithmetic,  in  which  wr  count  by 
perifMis  of  tens  ;  and  is  othrmise,  and  more  properly,  called 
i/enmrff  AntMmttir,  tu  diNtinfruish  it  from  tlie  iiinarif,  Duodi- 
nmrif^  and  <»ther  seales  of  arithmetic 

l>eriii4L  FrMctinm,  is  a  fraction  haviufT  always  some  imwrr 
of  lOfur  its  denominator,  which  eousisis  of  either  10.  1(H>.  liMSt, 
\c.  dcnotinfc  the  number  of  equal  parts  into  ahirh  the  inleirer 
ur  m hole  is  supposed  to  be  divided,  as  f,.  <f.>),  y}sf  ^<**  ''■!•  f"r 
the  sake  of  brevity,  the  numeratiM*  only  is  expressed,  like  a 
whole  number  with  a  point  on  the  left  of  it,  as  -'i,  "iri,  -iurl,  he. 
and  which  must  always  eonsist  of  as  many  figures  as  lliere  are 
ciphers  in  the  deoomihator ;  the  plares  between  the  significant 
futures  and  the  point  being  supplied  with  ciphers,  when  necea- 
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sary,  m  above.  CoDsequently,  the  iame  namber  of  6e:anM  on 
tlie  right  of  the  decimal  poiot,  haa  ahraya  the  saoie  denondiMU 
tor.  Tbas»  the  denominator  of  the  fraotioiiB*MMK  •0748^  vOOOft. 
U  10000.  And  hence,  it  appears,  thai  tiie  value  of  a  deoi«al 
fraotion  it  not  altered  by  cipherB  on  the  right  haa4<  ]fori«4000 
(or  ^gL)  when  reduced  to  its  lowest  ternt  ia  the  same  a* -4, 
eachoeing  equal  to  |.  In  miied  nnnibers  the-  deoimala  are 
acparated  from  the  integers  by  a  point,  thus,  95^  is  wiitteo 
35*02.  It  is  also  evident,  that  the  valoe  of  decimals  decreases 
in  the  same  tenfold  proportion  from  the  point  towards  the 
right  hand,  aa  that  of  utegers  increases  towards  the  left 

DECKER*  relates  to  the  rate  of  a  ship  of  force,  as  a  two- 
decker,  a  three-decker,  t.  c.  carrying  two  entire  tiers  or  ranges 
of  cannon,  or  three  such  tiers. 

DECKS,  the  planked  floors  of  a  ship,  which  oonnect  the  sides 
together,  and  ser?e  as  different  platforms  to  support  the  artil- 
lery and  lodge  the  men,  aa  also  to  preserve  the  cargo  from  the 
aea  and  rain.  As  all  ships  are  broader  at  the  lower  deck 
than  on  the  next  above  it,  and  as  the  cannon  thereof  are  always 
heaviest,  it  is  necessary  that  the  frame  of  it  should  be  much 
stronger  than  that  of  the  others ;  and  for  the  same  reason,  the 
second  or  middle  deck  ought  to  be  stronger  Uian  tiie  npper 
deck  or  forecastle. 

^  Ships  of  the  first  and  second  rate  are  furnished  with  three 
whole  decks,  reachiog  from  the  stem  to  the  stern,  besides  a 
forecastle  and  a  quarter  deck,  the  former  extending  aft  from 
the  stem  to  the  belfry,  and  the  latter  forward  from  the  stern  to 
the  mainmast,  a  vacancy  being  left  in  the  middle,  which  opens 
to  the  upper  deck,  and  forms  what  is  called  the  waist ;  there 
Is  yet  another  deck  above  the  hinder  part  of  the  quarter  deck 
called  the  poop,  which  also  serves  as  a  roof  for  the  captain's 
cabin  or  couch ;  and  another  deck  below  the  lower  gun-deek 
called  the  orlop,  whereon  the  cables  are  coiled  and  the  sails 
stowed,  &c.  Other  ships  of  the  line,  with  dO-gun  ships,  and 
some  of  40  guns,  have  two  gun-decks  and  a  quarter  deck,  a 
forecastle,  a  poop,  and  orlop.  Frigates  and  sloops  have  one 
gun-deck,  a  half  deck,  and  forecastle,  with  a  spar  deck  below 
to  lodge  the  crew,  but  no  poop :  brigs,  cutters,  and  such  small 
vessels,  have  no  half  deck  or  forecastle,  and  are  then  said  to 
be  flush  fore  and  aft ;  the  decks  are  fonned  of,  and  sustained 
by,  the  beams,  the  clamps,  or  water-ways,  the  carlings,  the 
ledges,  the  knees,  and  tw^  rows  of  small  pillars  called  stan- 
chions, &c.  See  thote  articUs,  The  number  of  beams  by  which 
the  decks  of  ships  are  supported,  is  often  very  different,  accord- 
ing to  the  practice  of  different  countries ;  the  strength  of  the 
timber  of  which  the  beams  are  framed,  and  the  services  for 
which  the  ships  are  calculated.  The  deck  which  contains  the 
train  of  a  fire-ship  is  furnished  with  an  equipage  peculiar  to 
itself^  a  description  of  which  will  be  found  under  the  article 
FiaE-SniF.  Flush  deck,  or  deck  flush  fore  and  aft,  implies  a 
continued  floor  laid  from  stem  to  stem,  upon  one  line,  without 
any  stops  or  intervals.  Half  deck,  the  under  part  of  the  quar- 
ter deck  of  a  ship  of  war,  contained  between  the  foremost 
bulk  head  of  the  cabin  or  wardroom,  and  the  break  of  the  quar- 
ter deck.  In  the  colliers  of  Northumberland,  the  steerage 
itself  is  called  the  half  deck,  and  is  usually  the  habitation  of 
the^  ship's  crew.  The  main  deck  is  that  part  of  the  upper  deck 
which  extends  from  the  break  of  the  forecastle  to  the  break  of 
the  ouarter-deck  ;  also  called  the  waist. 

DECLARATION,  in  Law,  a  written  exposition  of  the  matter 
of  complaint,  made  by  the  plaintiff  against  the  defendant. 

DECLINATION  of  the  Sun,  of  a  5^tar,  or  a  Planet,  is  its 
distance  from  the  equinoctial,  northward  or  southward.  When 
the  sun  is  in  the  equinoctial,  he  has  no  declination,  and  enlight- 
ens half  the  globe  from  pole  to  pole.  As  he  increases  in  north 
declination  he  gradually  shines  farther  over  the  north  pole, 
and  leaves  the  south  pole  in  darkness ;  in  a  similar  manner, 
when  he  has  south  declination  he  shines  over  the  south  pole, 
and  leaves  the  north  pole  in  darkness :  23°  28'  is  the  sun's 
nearest  declination  north  or  south.  The  declination  of  any 
heavenly  body,  as  of  a  2;tar,  may  be  easily  found  by  the  follow- 
ing rule :  Take  the  meridian  altitude  of  the  star,  at  any  place 
where  the  latitude  is  known ;  the  complement  of  this  is  the 
zenith  distance,  and  is  called  north  or  south,  as  the  star  is  north 
or  south  at  the  time  of  observation.  Then,  1.  When  the  lati- 
tude of  the  place,  and  xeoith  distance  of  the  star,  are  of  differ- 


ent  kinds,  namely,  one  north  and  the^ther  soathy  teir  dUfor- 
omw  iwIN  W  Ihe*  deeHtt4tldh  H  and'  'it  !i  of  tter  aim  Udd  wtt 
the  latitude,  WlMn'tfiat'  la  the  jcrbadest  of  Ufa  tw^,  Wlh«irise  It 
is  of  the  bonthu-ytSod;'.  3.'  If  the  la<ltad«tatfdilie,il^fh«s. 
tance  are  of  the'  sani«  kliM;  f.  g^^h&Ot  nMh;  ttr'bMh'aCMflL  ftslr 
sum  is  the  deelhintioiii  and  it' it  ef'We' iftatf'khMrMdithe 
latitode.  Aeeufate  tablei^of  the  sulf'^tttelittiikiMl  UerP«UMWed 
regularly  in  iMnadtk^  lilniaflaok^i  '^' '"^''   ^       ' 

CireUe  of  DbcunAti^a,  are  gfeat  Mrttles  i»f  tke  spfcwi 
passing  through  the  poles  of  the  world«  on  which  the  deeUMthm 
is  measured. 

ParaUeU  of  DecLii«AT9oi9,  are  small  dralea  of  the  sptoe 
parallel  to  the  equator. 

ParaUaXy  or  Rtfrmctum  of  Decltmstion,  la  avah  tta  anb  ef 
a  meridian  aa  is  equal  to  the  chanife  -pTDdaa^in  the  dedfai 
tion  by  parallax  or  refraction,  respidivehr. 

Declination  of  a  VerHeul  Plane  or  Wmlli  in  Dialing^  is  ta 
arch  of  the  horizon,  comprehended  either  between  the  ptame 
and  the  prime  vertical,  when  it  ia  counted  from  eaat- to  wik^  ar 
between  the  plane  and  the  meridinn,  when  it  ia  ciomtad  horn 
north  to  south. 

DECLINATOR,. an  instrument  for  deteffBuoiBg  Itm  daallHh 
tion  or  inclination  of  reclining  planes* 

DECLINERS,  or  Dbclinino  Dials,  are  tboao  wUeh  aat 
cither  the  plane  of  the  prime  vertical  droley  or  pUuM  of  te 
horizon,  obliquely* 

DECLIVITY,  a  sloping  or  oblique  descent 

DECOCTION,  in  Pharmacy,  the  extraetu^  of  tko  vMoaa  af 
simples  and  other  drugs  by  boiling. 

DECOBiPOSITION,  in  Chemistiy,  tho  aopaimtioB  m  db- 
union  of  the  constituent  parts  of  bodies. 

DECORATION,  in  Architecture,  any  thing  that  adona  tad 
enriches  a  building,  church,  triumphal  arch,  fcau  aa  tbo  etdw 
of  architecture,  paintings,  vases,  festoons,  soenos.  Ice. 

DECOUPLE,  in  Heraldry,  the  same  as  uneonplod,  or  fnted. 

DECOY,  among  fowlers,  a  place  made  for  oafdiiog  wil^ 
fowl.  A  decoy  is  generally  made  where  there  ia  a  laraa  paad 
surrounded  with  wood,  and  beyond  that  a  manhy  aad  ueil* 
tivated  country :  if  the  piece  of  water  is  not  thus  aurrovodfl^ 
it  will  be  attended  with  noises  and  other  aocidenia  whieh  my 
be  expected  to  frighten  the  wild^'fowi  from  a  quiet  baoat*  what 
they  mean  to  aleep  in  the  day*timc  in  security*  If  those  neisei 
or  disturbances  are  wilful,  it  has  been  held  that  an  aotioo  wi 
lie  against  the  disturber.  As  soon  as  the  evenioi^  seta  !■«  tki 
decoy  rises,  and  tho  wild*fbwl  feed  daring  the  night.  If  tki 
evening  is  still,  the  noise  of  their  wings  during  thek  light  ll 
heard  at  a  very  great  distance,  and  is  a  pleasing,  fhoigh  rate 
melancholy,  sound. 

The  decoy  ducks  are  fed  with  hemp-seed,  whieh  la  thMva 
over  the  screenti  in  small  quantities,  to  briuf^  them  fsrwaidi 
into  the  pipes  or  canals,  and  to  allure  the  wUd-fowl  to  lUlev, 
as  this  seed  is  so  light  as  to  float  There  are  seroral  pipes,  is 
they  are  called,  which  lead  up  a  narrow  ditch  thai  araoes  tt 
last  with  a  funnel-net.  Over  these  pipes  (whieh  grow  ■omwir 
from  their  first  entrance)  is  a  continued  arch  of  nettfog  ns- 
pended  on  hoops.  It  is  necessary  to  have  a  pipe  or  ditah  kt 
almost  every  wind  that  can  blow,  as  upon  this  mreuaiataow  it 
depends  whash  pipe  the  fowl  will  take  to ;  and  the  doeoyHOW 
always  keeps  on  the  leeward  side  of  the  dueks,  to  proventhii 
scent  reaching  their  sagacious  nostrils.  All  along  eaoh  plpe,at 
intervals,  are  placed  screens  made  of  reeds,  which  are  so  ■!■- 
ated  that  it  is  impossible  the  wild-fowl  shonld  aee  the  deeof- 
man  before  they  have  passed  on  towards  the  end  of  tho  pips, 
where  the  purse-net  is  placed.  The  inducement  to  wild-liiol 
to  go  up  one  of  these  pipes  is,  because  the  decoy  dncka,  tfiniA 
to  this,  lead  the  way,  either  after  hearing  the  whiatio  of  ths 
decoy-man,  or  enticed  by  the  hemp-seed ;  the  latter  will  difs 
under  water,  whilst  the  wild-fowl  fly  on,  and  are  taken  ia  lbs 
purse.  It  often  happens,  however,  that  the  wild-fowl  are  la 
such  a  state  of  sleepiness  and  dozing,  that  they  will  not  faUew 
the  decoy  ducks.  Use  is  then  generally  made  of'  a  dof  that  is 
taught  his  lesson :  he  passes  backwards  and  forwarda  betwesa 
the  reed  screens  (in  which  are  little  holes,  both  for  the  deeey- 
man  to  see,  and  the  little  dog  to  pass  through ;)  this  attrsets 
the  eye  of  the  wild-fowl,  who,  not  choosing  to  be  intcmpted, 
advance  towards  the  small  and  contemptible  animal^  that  thcf 
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ritr  bim  aw^y.  The  dog  all  thft  time,  by  the  diveetieo  of 
GCMHoaawplay*  enioog  the  joreens  of  reeda,  ttoarer  and 

tliic  purac>-naKa  Ull  at  liiat,  petka^  the  decoy-nan 
« Jichwda  ^LTfOA,  awl  the  wiImowI  pot  daring  to  puui 
i  in  jnetpirn,  nor  bt ing  able  to  cfcape  upwardJ  on  account 

BCtnCp^tfiifl^  riuh  pa  into  the  purae-net.  Somelimea 
(C  will  not  attract  tlicMr  attention  if  a  red  handkerchief,  or 
liof  very  tiogularf  is  not  put  about  him. — Watkinb' 

30Y,  in  Military  affairs,  a  strataj^em  to  carry  off  the 
'•  horses  in  a  fpragiug  party,  or  from  pasture.    The 
s  also  usfd  to  denote  a  stratagem  employed  by  a  small 
r  war,  to  betray  a  i^essel  of  the  enemy  within  reach. 
;:;R£MBNT,  in  Heraldry,  the  wane  of  the  moon  from  the 

the  03 w,  and  when  borne  in  coat  armour,  ftuscs  to  the 
le  of  the  escutcheon,  as  that  luminary  does  to  the  right 
hea  in  the  increment. 

:RBP1TATI0N«  in  Chemistry,  a  term  applied  to  the 
ing  noise  of  saltji  exposes!  to  heat,  by  which  they  are 
J  split.  It  takes  piare  in  those  salts  that  have  little  water 
slalliaation,  the  increased  temperature  converting  that 
luantity  into  vapour,  by  which  the  cry  stale  are  suddenly 

Common  salt  affords  a  good  example  of  decrepitation, 
hea  us<^  as  a  flux  should  be  previously  decrepitated. 
DIMt'S  Potest  AT  KM,  in  Law,  a  commission  granted  to 

more  persons,  to  forward  and  despatch  aomc  act  apper* 

10  a  JHdge,  or  some  court. 

SD,  a  written  contract  sealed  and  delivered.  It  must  be 
a  before  the  sealing  and  delivery,  otherwise  it  is  no 
and  after  it  is  executed  by  the  parties,  nothing  can  be 
•  nnd  therefore,  if  a  deed  is  sealed  and  delivered  with  a 
left  for  the  sum,  whieh  the  obligee  Alls  op  after  sealing 
Hiver? ,  this  will  make  the  deed  void. 
BP  8EA.UNB,  or  Dip  Sea-Line,  in  the  sea-langiiage, 

11  Kne  to  sound  with  ;  some  a  hundred  and  flfty  fathoms 
vith  a  plummet  hollow  at  the  head,  and  tallow  put  into  it, 
ig  ap  stones,  gravel,  sand,  shells,  and  the  like,  from  the 
a,  to  know  the  diffrrences  of  the  ground. 

BP  WAISTEI).  the  distinguishing  fabric  of  a  ships 
,  when  the  quarter  deck  and  forecastle  are  elevat<*d  from 
2  six  feet  above  the  level  of  the  upper  or  main  deck,  so 
leave  a  %acantspaoe,  called  the  waist,  on  the  middle  of 
ipar  drck. 

FACTO,  aomething  actually  fact,  in  contradistinction  to 
r,  where  a  thing  is  only  so  in  justice,  as  a  king  Hefmrio  is 
OB  in  possession  of  a  crown,  but  without  a  legal  right  to 
ime;  and  a  king  dtjure  is  he  who  has  just  right  to  the 
i«  though  he  is  out  of  possession. 

FAMATION,  the  offence  of  speaking  slanderous  words 
ilher  ;  and  where  any  person  circulates  any  report  injn- 
lo  the  credit  or  character  of  another,  the  party  injured 
iring  an  action  to  recover  damages  proportioned  to  the 

he  has  sustained ;  but  it  is  incumbent  upon  the  party  to 
thai  he  has  sustained  an  injury,  to  entitle  him  to  damages. 
OB  cases,  however,  as  for  words  spoken  which,  by  law, 

Ifceouelves  actionable,  as  calling  a  tradesman  a  bank- 
a  cheat,  or  swindler,  Ike.  there  is  no  occasion  to  prove 
irlicular  damage,  but  the  plaintiff  must  be  particularly 
ive  lo  state  words  precisely  aa  they  were  spoken,  other- 
le  will  lie  nonsaited. 

FEAjSANCB.  in  Law,  a  condition  relating  to  a  deed  ;  as 
reoognisance  or  statute,  which  being  performed  by  the 
BBor,  the  deed  is  defeated,  and  made  void,  as  if  it  had 
bern  done. 

FENCE,  in  Law,  a  plea  made  by  the  defendant  after  the 
ifa  declaration,  rir.  that  he  derrnds  all  the  wrong,  force, 
amace«.  where  and  when  he  ought,  &c. 
FENDER  OF  THE  Faith,  a  peculiar  title  given  to  the 
iC  England  by  pope  Leo  the  Tenth,  to  king  Henry  the 
h,  for  writinc  against   Martin  Luther  in  behalf  of  the 
h  of  Rome,  then  aeenunted  dumicUinm  fidei  cnthoUctt, 
FICIEN"!'  NrNsras,  in  Arithmetic,  those  whose  parts 
Iciples  added  t«»i:ether  fall  short  of  the  integer,  of  which 
ire  the  part.<«:  surh  in  H,  its  parts,  1,2,  4.  making  only  7. 
FILE,  in  Militnry  nffairs,  a  narrow  passage  through  which 
pany  uf  jor»c  and  foul  can  pass  only  by  making  a  small 
24. 


front,  to  that  tha  aaeny  laay  take  an  oppoftaaity  to  charge 
them  with  so  oMMh  the  nore  advantage,  as  those  n  tha  front 
and  roar  cannot  come  In  the  iwlief  of  one  another. 

DEFINITION,  an  enumeration  or  specMcadoB  of  the  alfliiple 
ideas  of  whieh  a  eompound  Idea  aonsists,  \m  order  to  aieertaln 
its  nature  and  character. 

DEriNiTioN,  in  Rhetoric,  a  short  comprehensive  explana- 
tion.— ^The  special  rules  for  a  goof^deflnitlon  are,  1.  It  must  be 
adequate,  that  is,  it  must  agree  to  all  the  particular  species  or 
individuals  included  under  the  same  idea.  2.  it  most  be  pro- 
per, and  peculiar  to  the  thing  defined.  These  rules  being 
obsened,  will  render  a  definition  reciprocal  with  the  thing 
defined,  that  is,  the  definition  may  be  used  in  its  place ;  or  thej 
may  be  mutually  afllrmed  concerning  each  other.  3.  A  deftni- 
tion  should  be  clear  and  plain ;  no  word  should  be  used  whieh 
has  any  diftcolty  in  it.  4.  A  definition  should  be  short,  without 
tautology  or  superfluous  words.  6.  Neither  the  thing  defined, 
nor  a  svnonymous  name,  should  mako  any  part  of  the  defani- 
tion.  seethe  autlior's  Grammaii  op  Logic  andlKTELLiCTi'AL 
Philosophy. 

l>KFLA(SRATION.  in  Chemistry,  the  act  of  homing  two  or 
more  substances  together,  as  charcoal  and  nitre. 

DEFLECTION,  the  turning  any  thing  aside  from  Its  former 
course  by  some  adventitious  or  external  cause.  The  word  is 
often  applied  to  the  tendency  of  a  ship  from  her  true  course, 
by  currents,  8cc.  which  deflect  or  turn  her  out  of  her  right  way. 

Dk FLECTION  of  the  Rti}fM  of  Liyht^  is  a  property  whieh  Pr. 
Hook  observed  in  l<{74-5,  and  read  an  arcount  of  before  the 
Royal  Society,  March  IN,  the  same  year.  He  sa}S,  he  found 
it  difl'erent  from  both  reflection  and  refraction  ;  and  that  it  was 
made  towards  the  surface  of  theopa«?ous  body  perpendicularly. 
This  is  the  same  property  whieh  Sir  Isaac  Newton  calls  inflec- 
tion.    It  is  called  b>  others  diffraction. 

DEFLECTIVE  Forces,  are  those  forces  which  act  upon  a 
moving  body  in  a  direcdon  different  from  that  of  its  actual 
course,  in  consequence  of  which  the  body  is  deflected,  or 
turned,  or  drawn  aside,  from  the  direction  in  which  it  is  mov- 
ing.  Such  is  tlic  attractive  force  of  the  sun  upon  the  earth  in 
its  orbit. 

DEFOLIATION,  in  Botany,  the  fall  of  the  leaves ;  a  term 
opposed  to  frondescentia,  the  annual  renovation  of  the  leaves, 
produced  by  the  unfolding  of  the  buds  in  spring.  Most  planta 
in  cold  and  temperate  climates  shed  their  leaves  ever}'  year ; 
this  happens  in  autumn,  and  is  generally  announced  by  the 
flowering  of  the  common  meadow  saffron.  The  term  is  only 
applied  to  trees  and  shrubs  ;  for  herbs  perish  down  to  tlic  rout 
every  year,  losing  stem,  leaves,  and  all. 

DEFORCEMENT,  in  Law,  the  easting  any  one  out  of  his 
land,  or  a  withholding  of  lands  and  tenements  by  force  fn»m  the 
right  owner. 

DEGLUTITION,  in  Medicine,  the  act  of  swallowing  the 
food,  performed  by  means  of  the  tongue  drivini;  the  aliment 
into  the  oesophsgus,  which,  by  the  contraction  of  the  sphincter, 
protrudes  the  content!  downwards. 

DEGRADATION,  in  Fainting,  expresses  the  lessening  the 
appears  nee  of  distant  objects  in  a  landscape,  in  the  same  man- 
ner as  they  would  appear  to  an  eye  placed  at  that  distance 
from  them. 

DEGREE,  in  Algebra,  a  term  applied  to  equations,  to  dis- 
tinguish  the  highest  power  of  the  unknown  (quantity.  Thus,  it 
the  index  of  that  power  be  3  or  4,  the  equation  is  respectively 
of  the  .3d  or  4th  degree. 

Drc.Ki-F.,  in  (Jeonietry  or  Trigonometry,  is  the  3fX)th  part  of 
the  eircumferenee  of  any  circle.  Every  circle  being  considered 
as  di\idcd  into  3(10  parts,  called  degrees,  which  arc  marked  by 
a  small  ^  near  the  top  of  the  fiKure,  thus,  46^  is  43  degrees 
The  degree  is  subdivided  into  Gl)  smaller  parts,  called  minutes, 
the  minute  into  GO  others,  called  seconds  ;  the  second  into  GO 
thirds,  &c.  Thus  46^  YH  2(1",  arc  46  degrees.  12  minutes,  20 
seconds. 

The  magnitude  or  cjuantity  of  angles  is  accounted  in  degrees; 
for  because  of  the  uniform  curvature  uf  a  circle  in  all  its  parts, 
equal  angles  at  the  centre  are  subtended  by  equal  arcs,  and  b^ 
similar  arci  in  peripheries  uf  different  diameters;  and  an  angle  is 
said  to  be  of  so  many  degrees  as  arc  contained  in  the  arc  of  any 
circle  comprehended  between  the  legs  of  the  angle,  and  having 
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oiotiBfiM'.  It  Mm)M*(iult»'M]i<aack«aM>-lselBialniM 
many  degvees  abf  ei  1km  JKniaam  or  dactinos  lo  raanf  d^gneu 
fron  the  aquirfoi-tiW  ipch*  Ia«n4**it|iati)d  Bp.iBft|gid«n«rs 
of  Ulkiul*  OB.  loagUiidfl-'  'iH'MC<li*ritlM  ecliptMiiVr  .codiM 
coataias  30  degrees. 

£eorbb  of  £>at)tiir£i)'ii-tfaDspse»aidiatkDoe  on- tiw' meridian. 
Ihroagh  which  an  obierver  must  move,  to  vary  hit  latitade  hy 
one  degree,  or  to  increase  or  diminlBh  the  distance  of  a  ntar 
from  thie  BOnitfa  by  one  defree ;  and  which,  on  the  snpposition 
of  the  perfect  sphericity  of  tfab  earth,  is  the  3e0th  part  of  the 
maridian.  The  quantity  of  a  degree  of  >  meridian,  qr  other 
Rreal  oircle,  on  the  aarfaoe  of  the  earth,  is  variously  detennined 
by  different  obierrets,  and  the  methods  made  use  of  are  also 
varioHs;  and,  therefDre,  withont.eDteriag  iDto  all  the  htstorie* 
of  this  undertakJDK,  mo  ihall  present  odE'  rcaderK  with  the 
follawinK 

Tablb  of  tht  difftrtnt  f.mgthi  of  a  Dogrtt,  as  futwrrd  \n 
variotit  Parti  ^tke  E^rfA,  (A*  Time  ofiU  Meaiurement,  the 
Latitude  iff  it*  Mi^f' Point,  he 
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DATE.      LATITUDE. 


13     la        N. 

II     52i      N, 


66-  91 

76-060 
t68-!«5 
tG9-lll) 
.     60-403 

09't2t  1 

JT  68761 

?  08-733 

(.68'71S 

GS-DTO  - 

8S-998 

09-061 

•6»'143 

OB-SU 

09-146 

,   69-298 

08-TlS 


M.  Fsrnel 

Snillini 

Norwovd 

Riccioli 

!*■«"! ) 

CauDi S 

MriDpeiiiii«,&>. .. 
CiMiniitUCiillc 
JniD  ind  Ulloi. .  ) 

S;;;::;;] 

UCtiUe j 

BnscDVicb \ 

linniri j 

^i»B»^(! 

Maianiiid  Dixoo 
LL-Col.  Hadp . 

Lan^lan 

S>°l.  Ar.go.  &c. 


Hollud. 
BDglud. 
fill;. 


AVTHO^S. 

EUi...... 

PHIKCIPLES. 

Hnyghens 

Newton, 

Hanpertnis,  he. 

Swanberf, 

Clairault. 

Treismioker,.... 
Laplace 

At 
t 

t 

Theory  of  gravity. 

Rotatory  motion. 
Vibration!  of  the  pcndnlum. 

Precession  and  nutation. 
Theory  of  the  moon. 

DEOREGof  Lnii.vilwfe.  is  the  space  beltrcen  two  mend iana 
that  make  an  angle  of  1°  with  each  other  at  the  poles ;  the 
qnantity  or  length  of  which  is  variable,  according  to  the  latl. 
tude,  being  every  where  as  the  cosine  of  the  latitude,  ni;.  aa 
the  cosine  of  one  latitude  is  to  the  cosine  of  another,  so  Is  the 
length  of  a  degree  in  the  former  latitude  to  that  in  the  latter, 
on  the  supposition  that  the  earth  is  spherical.  But  taking  the 
earth  as  a  spheroid,  the  degree  of  longitude  may  be  found  in 
any  given  latitude  L,  byaaying,  1.  As  the  equatorial  diameter  ii 
to  the  polar,  so  is  tnng.  gtP  —  L,  to  tang,  of  an  angle  A  ;  then, 
3,  As  radios  is  to  sine  of  A,  an  ig  the  length  of  a  degree  of  the 


equBlBTila  tfaa  length  tff  a  id«|{TM<Mi  thofanllal  of  th*gifc» 
lalittMi*.  -frotm  theae  prineipleaia.tho-foitawiag  Tabl«  e«n- 
pntnd,  fon'OKpreatktgtikt  ieaglb-iof  m  dagfsa-oC  toagitadeiB 
different'  Utitadea/  auppMing  tha  a—M».|a.pPH>i».ft  pwAct 

spherieityt  .-i        • 


0 

60  07 

ft 

?0 

*„& 

'& 

«f 

ttj*. 

^!£ 

a- 

S£? 

64-81 

40 

53-85 

14-90 

«n 

I1-9S 

6U-0G 

VI 

64-42 

41 

62-07 

S3-45 

HI 

10-79 

-> 

CO-OS 

v/ 

63-07 

42 

Bl-37 

OS 

S3-40 

H3 

9-5B 

s 

08-97 

Wl 

63-51 

43 

60-46 

OS 

3I«3 

HS 

B-41 

4 

68-JO 

M 

0303 

44 

49<1 

04 

30-24 

H4 

7-*! 

n 

68-91 

US 

69-51 

4B 

48-74 

05 

SMS 

(ii 

6-OS 

fl 

08-0* 

W 

62-02 

47-93 

00 

»0G 

m 

4>«1 

T 

68-48 

•47 

61-48 

47 

47-Ofi 

«7 

30*8 

H7 

Ml 

» 

oa-ii 

60-03 

4H 

48-16 

ON 

2t-m- 

88 

9-41 

!' 

08- 15 

211 

60'3S 

4U 

44-16 

(ill 

84-71 

M» 

1-31 

Ill 

C7-9a 

31) 

69-7  S 

.to 

44-35 

70 

31-00 

0-W 

II 

07-73 

31 

59-13 

Al 

43-43 

71 

23-47 

]-i 

07 -49 

32 

SB-51 

52 

43-48 

73 

81-IS 

13 

07-21 

33 

67-87 

53 

14 

eo-DS 

34 

57-20 

54 

40-56 

74 

19-03 

1.1 

66-65 

»S 

B6-5t 

A3 

49-58 

77-80 

m 

oe-si 

w 

S6-81 

BO 

38'68 

It 

as -Be 

S7 

56-10 

57 

67-68 

77 

13-33 

IN 

oi'fia 

■K 

64-17 

SH 

M-67 

ly 

CS'24 

3y 

63-G2 

35-54 

13-17 

Dbgrbb,  in  Universities,  denotes  a  qoality  coafsired  on  the 
atndents  or  members  thereof,  as  a  testimony  of  tbairproflcieacy 
in  the  arts  or  acieDees,and  entitliugthem  to  certain  privileges. 
The  degrees  are  mQch  the  same  in  all  imiverritiea,  bnt  the 
lawB  thereof,  and  the  previons  discipline  nr  exenrisB  differ. 
The  degree!  are,  Baobelor.  Master,  and  Doctor;  inslead  of 
which  last,  in  some  foreiga  onivei-sitias,  they  have  LlcsMiate. 

DEINCLINERS,  in  Dialing,  are  those  dials  wUck  both 
decline  and  inoltne  or  recline  at  the  same  time. 

DEISTS,  in  the  modem  senseof  the  word,  persona  hi  Chris- 
tian countries,  who.  acknowledging  all  the  abligwiiona  and. 
daties  of  natural  religion,  disbelieve  revealed  religton.  They 
are  so  called  from  their  belief  in  God  alone, 

DELEGATES,  Court  tf,  ii  8o  oallvd  becanae  tba  Jadge^ 
thereof  are  delc)[ated  by  the  king's  comniuian  nud«r  the  g»a^ 
seal,  to  hear  and  determine  appeals  in  the  three  follwriaig' 
oases:  1.  Where  a  sentence  is  give*  in  any  oecleciMlie^B 
cause  by  the  archhishop,  or  his  official,  a.  When  any  seoteao^w 
is  given  in  any  ecclesiastical  cause  in  the  {riaoes  ueaipt.  >• 
When  a  sentence  is  given  in  the  admiral's  coort,  in  anila  ctvU 
and  majine,  by  order  of  the  civil  law.  This  oommtMion  is 
nsualty  filled  with  lords  spiritual  and  temporal,  jiulKea  of  lk« 
courts  at  Westminster,  and  doctors  of  the  civil  law. 

DELFT  Wahe,  a  kind  of  pottery  covered  with  ■■  uuuad  or 
white  glamng,  which  gives  it  the  appearanoe  and  McatDCas  of 
porcelain.  Some  kinds  of  this  enamelled  pottery  dibrmMft 
from  others,  cither  in  their  sustaining  sndden  heat  wHboal 
breaking,  or  in  the  beauty  and  regnlarity  of  their  fiinna,of  ttdr 
enamel,  and  of  the  painting  with  which  they  are  amamnitsi 
In  general,  the  fine  and  beantifnl  enamellea  WBrw,  which  a^ 
pruaches  the  nearest  to  porcelain  in  external  appenraiice,  is  si 
the  same  time  that  which  least  resists  a  briak  fro.  Agaia, 
those  which  sustain  a  sudden  heat  are  coarse,  nnd  rcaemlls 
common  pottery.  This  kind  of  ware  )iaa  its  name  from  DcU^ 
in  Hotlaod.  where  it  is  made  in  large  quantitiea. 

DELIQUESCENCE,  in  Chemiatry.  denotes  the  property 
possessed  by  certain  bodies,  of  attracting  moiatore  from  the  sir, 
and  thereby  becoming  liquid. 

DELIQUIUH,  in  Chemistry,  the  dissolution  or  mdtingaf 
a  salt  or  calx  by  sasnending  it  in  a  damp  place  nnder  ground. 

DEMESNE,  signifies  the  king's  lands,  appertaining  to  him 
in  properly.  No  common  person  has  any  domaioa,  rimply 
nnderstood,  for  we  have  no  land  (that  of  the  crown  only  ex- 
cepted) which  is  not  holden  of  a  superior,  aa  all  depends  eitkcr 
mediately  or  i named iately  on  the  crown. 

DEMETRIUS,  a  celebrated  Cynic  philosopher,  who  lived  in 
the  time  of  the  Emperor  Vespasian.   . 
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DBMl-CULVBRIN,  ft  piece  of  ordiuiioe,  the  foast  of  whiob 
IS  four  one- fr> tilth  iaches  boro,  10  feet  long,  and  2UU0  Ihs.  weipcfat. 
It  carries  a  1*11  of.  lour  iaohes  diamcAer,  aod  of  nine  pooods 
weiielil,  and  il»  lovelraniin-  iaifl74«y»aafc  A/'dena-ouUerin  of 
llie  largest  sort  is  four  three-fourths  inches  bore,  10  one-third 
feet  long,  and  weiffhs  9UU0  pounds.  It  carries  a  ball  of  four 
and  a  half  inches  diameter,  weighing  12  pounds  U  ounces, 
point-blanic  178  paces. 

DEMI-LUNE,  iMfM^on,  in  Fortification,  an  outwork  con- 
sistinic  of  t«o  faces  and  two  flanlcs. 

DKMISE,  in  liaw,  is  applied  to  an  estate  in  fee  simple,  fee 
tail,  or  for  term  of  life,  and  so  it  is  commonly  taken  in  many 
writs. 

DBMOCRACY,  in  Law  and  polity,  denotes  a  popular 
Kovemmeat.  or  that  where  the  supreme  power  b  in  the  hands 
of  the  people.     Such  for  a  time  were  ancient  Rome  and  Athens. 

DBMOCRITU8,  one  of  the  greatest  philosophers  of  anti- 
quity, who  flourished  about  Ml  years  before  the  Christian  aera. 

DEMOIVRE,  Abraham,  an  eminent  mathematician,  was 
bom  in  France,  May  1607,  bot  settled  in  England  at  the  age  of 
eighteen,  where  be  continued  to  reside  till  his  death,  which 
bapprned  in  November  1754,  in  the  eighty-first  year  of  his  age. 

bEMONSTRATION,  a  certain  or  convincing  proof  of  some 
proposition. 

Dlmons THATION,  lu  Logjc,  a'  series  of  syllogisms,  all  the 
premises  of  which  are  definitions,  self-evident  truths,  or  propo- 
sitions already  established. 

I>£ML'RRAG£,  an  allowance  given  to  the  commander  of  a 
trading  ship  by  the  merchants,  for  having  detained  him  longer 
in  port  than  the  time  previously  appointed  for  his  departure. 

DBML'RRRR,  a  panse  or  stop  pot  to  the  proceedings  of  an 
action  npon  a  point  of  difficulty,  which  must  he  determined 
by  the  court  K>efore  any  fartlier  proceedings  can  be  had  therein. 
He  that  demurs  in  law  eoafesses  the  facts  to  be  true,  as  stated 
by  the  opposite  party ;  but  denies  that  by  the  law  arising  upon 
those  farts  any  injury  is  done  to  the  plaintiff,  or  that  the  defend- 
ant has  made  ant  a  lawful  excuse. 

DENARIUS,  in  Roman  antiquity,  the  chief  silrer  coin 
among  the  Romans,  worth  in  our  money  about  7{if.  Aa  a 
weight,  it  was  the  seventh  part  of  a  Roman  ounce. 

DENDRITBSi,  or  Arsohibatioxs,  an  appellation  given  to 
figures  of  vegetables  observed  in  fossil  substances,  and  which 
are  of  two  kinds,  the  one  superficial,  the  other  internal.  The 
first  are  chiefly  found  on  the  surfece  of  stones,  and  between  the 
itmtn  and  the  fissures  of  those  of  a  calcareous  nature.  Tliey 
are  moetiv  browm,  changing  gradually  to  reddish  yellow.  The 
iMrmal  dendrites  are  of  a  deep  black.  The  most  esteemed 
sorts  are  those  foond  in  agates,  and  particularly  in  the  sar- 
donyx, cemellan,  and  other  precious  stones  brought  from  the 
cast,  and  which  are  commonly  denominated  Moka  stones. 

DBN  UROMETER,  au  instrument  invented  by  Messrs.  Don- 
eonbc  and  Whittel,  for  which  they  obtained  a  patent,  and  so 
called  from  ita  uso  in  measuring  trees.  It  consists  of  a  semi- 
iirde  divided  into  two  quadrants,  and  graduated  from  the 
■iMIe:  and  npon  the  diameter  there  hangs  a  plummet  for 
fisiay  the  instrument  in  a  vertical  position.  The  principal  use 
cf  it  ia  for  measuring  the  length  and  diameter  of  any  tree  per- 
peadicnlar  ur  oblique  to  an  borisontal  plane,  or  in  any  situa* 
tmo  of  the  place  on  which  it  rests,  or  of  any  figure,  whether 
it^ar  or  irregular,  aad  also  the  length  and  diameter  of  the 
bonghs,  by  mora  inspection  ;  and  the  inventors  uf  it  have  calcu- 
lited  tnbles,  annesed  to  their  account  of  the  instrument  itself, 
bv  the  help  of  which  tke  quantity-  of  timber  in  a  tree  is  obtained 
vitbont  ralculation,  or  the  use  of  tlie  sliding  rule.  The  clen- 
droaeter.  fittrd  to  a  theodolite,  may  be  applied  to  measuring 
ihe  heights  and  distances  of  objects,  accessible  or  inaecessible, 
whether  situated  in  planes  parallel  or  oblicfue  to  the  plane  in 
ahich  the  instrument  is  placed.  It  may  be  also  used  for  taking 
til  anglcH.  whether  vertical,  horizontal,  or  oblique,  in  any  posi- 
boo  of  tbr  planes  in  which  they  are  formed. 

DEN  Ell.  an  Arabic  term  signifying  taiL  and  hence  applied 
to  the  names  of  certain  stars  in  the  tails  of  some  of  the  coustel- 
Uiiiins.  a«  Ileneb  Adige  in  the  tail  of  the  Swan. 

1>LM/K\.  A  (Irniarn  is  an  alien  born,  who  has  obtained 
lettrfs  pau  nt  whereby  he  is  constituted  an  Knglish  subject. 
A  deiiizro  ia  in  a  middle  state  between  an  alien  and  a  natural 


bom  or  nataraliaed  subject,  partaking  of  the  nature  of  both. 
He  majr  take  lands  by  purchase,  or  derive  a  title  by  descent 
through  his  parents  or  any  aneestor,  though  they  be  aliens 

DENOMINATOR  .-ip  a  FascTioif,  Is  that  number  written 
belew  the  hue,  expressing  the  number  of  parts  into  which  the 

unit  is  supposed  to  be  divided;  thus,  In  the  fractions  77/7- . 

I*    w  * 

12  and  h  are  the  denominators. 

DENSITY,  strictly  speaking,  denotes  Yictnity  or  closeness 
of  particles ;  but  in  mechanical  science  it  js  used  as  a  term  of 
comparison,  expressing  the  proportion  of  the  number  of  equal 
moleeulaB,  or  the  quantity  of  matter  in  one  liody  to  the  number 
of  equal  moleculsB  in  the  same  bulk  of  another  body  ;  density, 
therefore,  is  directly  as  the  quantity  of  matter,  and  inversely 
as  the  magnitude  of  the  body.  Since  it  may  be  shewn  experi- 
rimentally,  that  the  quantities  of  matter,  or  the  masses  in 
diflferent  bodies,  are  proportional  to  their  weight,  of  ronse- 
cfuence.  the  density  of  any  body  is  directly  as  its  weight,  and 
inversely  as  its  magnitude  ;  or  the  inverse  ratio  of  the  magni- 
tudes of  two  bodies,  having  experimentally  equal  weight  (in 
the  same  place,)  constitutes  the  ratio  of  their  densities.  No 
body  is  absolutely  or  perfectly  full  of  matter,  so  as  to  have  no 
vacuity  or  interstices ;  on  the  contrary,  it  is  the  opinion  of 
Newton,  that  even  the  densest  bodies,  as  gold,  &cr.  contain  but 
a  small  portion  of  matter,  and  a  great  portion  of  vacuity,  or 
that  they  contain  a  great  deal  more  pores  or  empty  space  than 
real  substance.    See  Impenetrability.* 

Density  of  the  Earth,  The  determination  of  the  density  of 
the  earth,  as  compared  wiih  that  of  water,  or  any  other  known 
body,  is  a  subject  which  has  excited  considerable  interest 
amongst  modern  mathematicians,  and  nothing  can  at  first 
sight  seem  more  beyond  the  reach  of  human  science,  than  the 
due  solution  of  this  problem,  yet  this  has  been  determined,  and 
on  such  principles,  that  if  it  be  not  correctly  true,  it  is  probably 
an  extremely  near  approximation.  The  first  idea  of  determin- 
ing the  density  of  the  earth  was  suggested  by  M.  Bnnguer,  in 
consequence  of  the  attraction  of  Chimhoraeo,  which  affected 
his  plumb-line  while  engaged  with  Condamine  in  measuring  a 
degree  of  the  meridian,  near  Quito,  in  Peru.  This  led  to  the 
experiments  on  the  mountain  Schehallien,  in  Scotland,  which 
were  carried  on  under  the  direction  of  Dr.  MaskeUne,  and 
afterwards  submitted  to  calculation  by  Dr.  Hutton,  who  deter- 
mined the  density  of  the  earth  to  be  to  that  of  water,  as  4|  to  1. 
But  in  consequence  of  the  specific  gravity  of  the  mountain 
being  assumed  rather  less  than  it  ought  to  have  been,  the  above 
result  is  less  than  the  true  density,  as  has  since  been  shewn 
by  Dr.  Ilutton  and  Professor  Playfair,  the  former  of  whom 
makes  it,  in  his  corrected  paper,  as  UO  to  20,  or  nearly  as 5  to  I. 

The  same  problem  has  been  attempted  on  similar  principles, 
but  totally  in  a  different  manner,  by  the  late  Mr.  (*avendish, 
who  found  the  density  of  the  earth  io  be  to  that  of  water,  as 
5*48  to  I.  Taking  a  mean  of  all  thcs^,  we  have  the  density  of 
the  earth  to  that  of  water,  as  .V24  to  1.  and  which,  as  wc  before 
obser\ed,  ij  probably  an  extremely  near  approximation. 

Density  of  the  PUnett,  Wr  have  sren,  in  the  preceding: 
part  of  this  article,  that  the  density  of  a  body  is  directly  as  its 
mass,  and  reciprocally  as  its  magnitude;  therefore,  any  two  of 
these  being  given,  the  third  may  be  undetermined.  Now  the 
magnitude  of  the  several  planets,  as  also  of  the  sun,  being  su|>- 
|>osed  known  from  observation,  if  we  can  determine  their 
manses,  their  densities  will  thus  also  become  known. 

Tlie  power  of  attraction  with  which  any  central  body  acts 
upon  another  body  revolving  about  it,  is  directly  as  the  ma«s 
of  the  central  )N>dy,  and  reciprocally  as  the  square  of  the  dis- 
tance of  the  revolving  body;  and  this  power  may  be  measured 
by  the  deflrrii«)n  of  the  revolving  body  in  a  given  time  from  the 
direction  of  its  tangent.  Now,  if  we  consider  the  earth  as  tht* 
central,  and  the  moon  as  the  revolving  body,  the  deflection  of 
the  latter  in  one  second  is  known  to  be  ,J[h  of  a  foot,  that  is,  it 
deviates  so  much  from  the  direction  of  its  tangent  in  one 
second  of  time,  as  may  be  readily  ascertained  by  computation, 
being  equal  to  the  versed  sine  [of  the  are  described  in  oue 
second.  If  the  distance  In-tween  the  earth  and  moon  had  been 
double  what  it  is,  this  deflection  would  have  been  onl v  \  of  xhn 
above,  if  the  distance  were  only  half  what  it  \%^  this  deflection 
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woald  be  foor  timei  mi  nuiclir 
the  eeatrml  body  is  reoiproeaUf  «  Ite 
Arain,  if  the  diitwiee  of  the  hidiee*R 
MM  of  the  central  body  he  da^hhri,  the  da«eBl*nih«il|fibe 
doabled;  if  tiipied»  the  defleetjoniwill  be  tiipM|<ahd«o«B<i 
bcoaue  the  power  of  the  eentrml  body  i»  direotiy  aa  *itii  Biaaa. 
Now  Jopiter'a  first  aatellite  revelvm  abootdlatpHuietimtiliM 
same  distance  as  the  moon  doea  wSbout  the  earth,  but  Ha  deflec- 
tion in  one  second  is  266  times  that  of  the  aioon ;  whence,  the 
distances  being  equal,  it  foUows,  that  the  nass  of  Jvpitet  is 
356  times  greater  than  that  oC  the  eaith.  Had  these  diirtaneea 
not  been  eqnal,  we  most  hare  fooadwihat  tiie  defleotioD  of  the 
moon  would  be  at  the  given  dktanee;  then  oompaiing -tUe 
with  that  of  the  sateUite,  the  naas  hi  any  otUer  case  inigfat  ba 
determined.  Having  thus  found  the  bmss^  and  the  masnitttde 
being  known,  we  shall  have,  atsaniai^  the  Bass4>f  tin  mth  as 
unity ;  as  1  dirided  by  the  mSgnitnde'ief  the  earthy  is  tethd 
mass  of  any  planet  divided  by  its.magtiitadei;  so  is  ^l,*' the 
density  of  the  earth,  to  the  density  «f  thepiaaetjr  attd  in  this 
way  the  density  of  any  planet  having  a  sateliiAe/ may 4e  readily 
computed.  In  other  cases,  reeonTscaMiBt  M  hadfta  the  dla^ 
turfoiug  force,  which  is  of  a  very'lahbnoas  deiifatatiom'  The 
density  of  the  son,  and  the  several- planets^  as  deduced  flrOBi 
Laplace's  '<  System  du  Monde,"  is  as  fellows :  vizif  '■'    '  *'  •) 

Sun, ()-«fi226iMarii,  ...:..^:^;.*o-eae?jo  ' 

Mercoiy 2-68330    Jupftcr,  ..........  'O'lMKjp^r  ' 

Venos, 1'02400    Sattfrt, '. . .' 0»1to3«» 

Earth, 1-00000    Uratatis, : ;  0^l«$5'  ; 

DENTIFRICE,  a  remedy  for  the  teeth,  of  whiqh  thene'are 
various  kinds;  generally,  however,  they  are  mado  of  earthy 
substances  mixed  with  alum.  Those  formed  of  adds  are  Ttif 
pernicious.  '  ■ 

DEODAND,  in  Law,  is  a  forfeiture  of  thafthiiv  or  animid 
which  occasions  the  death  of  a  human  being  by^  mischanoe. 
Where  the  death  is  purely  accidental,  and  no  blame  attaehed 
to  any  person,  the  coroner's  jury  usually  find  a  deodand  of  one 
shilling. 

DEPARTURE,  in  Navigation,  is  the  CMtii^  er  VRssttngof 
a  ship  in  respect  of  the  meridian  it  departed  or  sailed  .from  <; 
or  it  IS  the  difi'erence  of  longitude  in  miles  either  easter  westj 
between  the  present  meridian  the  ship  ia  under,  Aod  that 
where  the  last  reckoning  or  obserratioa  was  made.  •  ■ 

DEPOT,  any  place  in  which  military  stores  are  deposited. 
Also  a  particular  place  at  the  tail  of  the  trenshes^  eat  of  the 
reach  of  the  cannon,  where  the  troops  generally  assemble  wto 
are  ordered  to  attack  the  outworks.  i  * 

DEPRESSION  OF  Equations,  in  Algebra,  is  theredoetlon 
of  an  equation  to  one  of  lower  dimensions,  an  operation,  how- 
ever, that  can  only  be  efifected  in  particular  cases,  viz.  iwhen  a 
certain  relation  has  place  between  the  roots  of  the  equation' ; 
thus  if  an  eouation  has  equal  roots  with  either  like  or  contrary 
signs,  or  if  me  equation  be  a  reciprocal  one,  having  each  pair 
of  roots 'the  reciprocal  of  each  other,  and  in  short  under  almost 
any  known  relation  of  the  roots  the  equation  may  be  depressed 
to  one  of  lower  dimensions.  If  an  equation  have  two  equal 
roots  it  may  be  depressed  one  degree ;  if  three  equal  roots,  it 
may  be  depressed  two  degrees,  and  so  on ;  and  in  reciprooal 
equations  of  even  dimensions,  may  be  depressed  to  half  the 
original  degree ;  and  if  they  are  of  odd  dimensions,  to  half  the 
original  degree  minus  1. 

DEPRESSION  OF  the  Polb.  When  a  person  sails  or 
travels  towards  the  equator  he  is  said  to  depress  the  pole :  be- 
cause as  many  desrees  as  he  approaches  nearer  the  equator,  so 
many  degrees  will  the  pole  be  nearer  the  horiaon.  This  arises 
from  the  spherical  figure  of  the  earth.  When  a  star  is  under 
the  horison  it  is  termed  the  depression  of  that  star  under  the 
horizon.  The  altitude  or  depression  of  a  star  is  an  arch  of  the 
vertical  circle,  or  asimuth,  intercepted  between  the  horison 
and  the  star. 

Depression,  or  Dip  of  the  Visible  fTmrefi,  denotes  its  sink- 
ing or  dippiuj;  below  the  true  horizontal  plane,  by  the  obserrer's 
eye  being  raised  abore  the  surface  of  the  sea ;  in  consequence 
of  which  the  observed  altitude  of  an  object  is  by  so  much  too 
great  The  following  table  shews  the  depression  or  dip  at  the 
horizon  of  the  sea  for  different  heighu  of  the  eye. 
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'  DBRRAMi  loftN/'aa'  emiB<eB(tiphileao|ihe^mril# nMrtiiettrtlt 
cian,  bom  at  Worcester  in  1667,  watrodM'ttiAbor tO#<ttaey 
Vahiahle  articles' 4i»  the.  >><  lihitesopMoaf>1Miflliii&iMik^tc. 
Defhamdied=in'i73»,'atUpiilioster;'*i  /f-nufi.-  :^..  •my,  /,V)m 

DBRViS;  a  natfie  givau^  eHiMohddAnedavfdooM,  fkom}fli 
of  v«iiD«ni  orders.  They'baveodifven^lli  tbenane<teaAMtf  th 
themoMtsintheGttthellcisnd''Greell>ehowhei^.<i»- 1'  '^  "^  •'  ' 
■  DESAdU&WRS,  (ionw  JTh^o,'  an'  <emliMRie  eapeiiineftml 
pMleso)^er,''wils  borar'MnlOeehelie,  inr(Ph'aMe;Mirim  btft 
edaedted'lA  Ettj^liibd,  ^hef6hea(l0nrafds'MBnlbliM'to^fMlde. 
m'was  d  mMbtdr  ^f  M4eiW*l€MH-Bed-MM$i«tdM;<ttMi  leade 
numerous  communiehfkitos  *ea'  Vhe>8iAJve(8'er^6)|file.  MkfMimhSy 
<cc.  both  MiMe  R»ya}'Soeielyef  IiMdeil/dn\l  thlm  ktimaj 
of SHehees^t'V^Milii  '-  »'':'<)  '  ''^  ii>'»(  'tit  'U't'i  ''-i.- 
'  DESCBH«l!ON',  ''RfeirT;"«lb»Arc-"eP'»rtb  "^ualbr  wHch 
descends  with  th<i  Bi^'e#''«t4i<'K»l0Mr4hh  Iei4cetfki!r>«idifect 
sphere;  and  '^ti^ile*D^bwi»ioW^MfRH  <tt^t)M'd^iMt^r*aat 
descends  With  the'Hon  orsttfr  fn  an  oUlmtt^ttj^lMreL'    " 

DfiSCENT'OP  fle^f'ES,  le  ■]ieeA(Mitbiftr^ithe}i''niMieir  or 
tendency  towards  the^^tfeMte  ei|JChe»eaftli(  etthtor-'itfa  direct 
or  ebUqne'^lt#ftiea«  *  "Thd  4afft'  Of  tbb  IdMe^hi^  W  bddles 
in '  ft^   st»aee>  at«"giif)M  "lti^'lhe'YafeicAe^"AOGBtJt»iiTioii, 
their  d^s^ent  'Slottg  fn<dined"|^la»0S  Jn  «he'iartiele  "IWctrfiBD 
Plane,  and  in  fluids  under  yfnMrer/i/aei.  "^- We '"shtD.  there- 
fore, merely  ¥efcrt«*aMii)^iilai'fbMiemenen^ei^tJngi  falAr 
bodies;  which  1i^  thi^ir  detlaHiw'fMn  'tHe^pciiMftdtcldaf,  occa- 
sioned'by  theitotatieiir  of  ^tbeUeHrtllrtten  4tt  utli. «  When  th& 
idea  of  the  earth's  motion  was  sUrted  lby'4S6«emletos,  ft  w«» 
strongly  objected^ it,  thet  if  IhereaMk  i«aliyiMo]ie<l;  ^  sttmc? 
let  fall  tr^ak  thetop  of  %  to^feroqgbtub  ftaheonsldemblT  to  <io 
westward  ofthe  foot  of  «t{  bdhigv«cMordingi  to  their  ikrtMNi.left 
behind  by  the  motion  of  the  earth  ;  and  the  supporters  of  the 
deetvine  werenotthen sufidcinly  me«^ol^'HMiA'fh«'ebittpo- 
silton  ofteetlon  to  explain  awaf  Hketdidicolty; "  However,  when 
the  laws  of  motioo  became  better  understoodf  iiw%s  discovered^ 
that  the  body,  instead  of  feJlhig^tb  the  wehtwhM  IIT  the  immr, 
ought  taflll  a  little  to  theensumrd  oi  it,'  ia  eoaneqneiiee  of 
tiie  velocity  of  roUtien  being  greater  at  the  top  than  at  the  foot 
of  the  tower;  and  this  deviatlen  is  saidlo'have  been  really 
detected  by  M.  "CKlgKelmini  and  M.  Benaenherg,  tkt  foraMt 
finding  it  to  be  eaual  to  Stints  ie  fikilingtMl  foet,  and  the 
latter  6  linei  for «  foil  of  901frfeet.  -  But  how  far  experiawnti 
on  such  delicate  subjects  may  be  depended  on,  may  be  a  mat- 
ter of  doubt,  but  of  the  tnrth  of  the  theoretical  deflection  ns 
doubt  can  be  entortained. 

DE90BNT,  in  heraldry,  expresses  the  coning  down  of  aay 
thing  from  above;  as,  a  lion  en  ifcMfnl' with  his  head  towanis 
the  base  points  and  his  heels  lowardsone  of  the  comers  of  the 
chief,  as  if  he  were  leaping  down  irom  Some  high  place. 

Descent,  Line  a^SwifUst,  n  that<  which  'a  body;  falliaghy 
the  action  of  gravity,  descries,  in  the  shortest  time  possible, 
from  one 'given  point  to  another.  And  thb  line  is  the  arc  of  a 
cycloid,  when  the  one  point  is  not  perpendicfdarly  o? er  the 
other. 

Descent,  in  Law,  is  the  title  by  which  a  man,  on  the  death 
1  of  his  ancestor,  acquires  his  estato  by  right  of  representotioa 
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DEVIBB,  or  DincB,  ii  aiml4rj'ttP>)alia(,«B4  SMlptgr^i 
«ny  aublcm  ufod  to  Mfiicwiit.K  Mrtaiafviiilyj  pecMHb  nMwn; 
or  aukliQ,  with  k  iiutwIeBmttpaiiFlMiinjkfigwuitv^cMa.: 

DsvisB,  in. Law,. the  vt  qhsrabjT:  •  pntw  hn^OMtfeB  Ha 
load*  or  tmBmuU  tp  uMlb/tt,  by  bv  laft  itiUiMitd  teataipaatj 
The  p«non  wbo  maku  this  act,  it  called  Ue  davtlor,  aad  be  i^ 
wboie  faTonr'thfl  Kt  it  mule,  i*  tflnned.tkc:deTiMfl.  0  >i 

DBW,  that  cDudcDiatioQ  of  rapoar  wbioh  we  perceive  on 
the  BTIM  of  tlie  fields,  Ice.  and  which  i*  produced  by  the  evapo- 
ration  of  moUtare  from  the  earth,  both  hefore  and  after  ibd. 
•ct.  Under  certain  circumitanca*,  the  air  holds  not  the  aame 
qaantity  of  water  in  dilution,  and  the  reaatt  is  a  depoiltios  at 
it  in  aqueous  particles  1  during  day,  and  under  the  eSeeti  of 
cleotticity,  definite  and  Hoating  clouds  are  the  result,  and  thv 
processes  of  rain  often  commeqoa  ;  but  in  flue  weather,  in  the. 
eveninf,  the  Tapour  plane  boii^K  destrojed,  the  vapoar  so 
deposited  precipitates  down  in  dew.  Coring  the  heat  of  the 
day  .a  great  quaatil;  of  vapour  t*  thrown  into  the  atmosphere 
from  the  sar/aee  of  the  partb  and  waters.  When  the  evening 
returns,  if  the  vapour  has,  not  bfen  carried  off  in  part  by  cor> 
rents,  it  will  often  happen  that  juorii  reniains  diffused  in  the 
general  atmosphere  than  tfie  temiteialure  of  the  ni^t  |wtll 
pennil  to  sabijst  under  the  fall  ptossure  of  the.aqucons  atno- 
■phere.  A  deoomposltiou  of  t^  lat^r  uien  commences,  and  is 
continued  nnlil  the  ^neral  tenipeTaUite  aji4  aqoeoi^i  prtsme 
arrive  al  an  equilibrium,  or  until  the  rclorning;  sun  puts  an  end 
to  tlu  process.  Dew  appear^  only, on  calm  and  clear  nights: 
vcTv  little  is  ever  depMited.fn  apiposite  oircnm  stances,  and. 
little  oidy  when  the  clouds  are  very  high.  It  is  never  seen  on 
nightsbolhetoady  and  windjj:^iidif  in  the  c^atse  of  thei  night  i 
the  weather,   tioia  Veing  serene,  should  become  daxk  and 


Stormy,  dew  whiea  had  been  depoiifed  will  disappear. 
cslm  weather,  if  the  skv  be  partielly  covered  with  clc  '  ~ 
dew  will  appear  than  if  it  were  entirely  uncovered. 


DIABETES,  in  Physic,  an  excessive  discharge  of  urine, 
which  comes  away  crude,  and  exceeds  the  quantity  of  liquid* 
.Irank. 

DIACAUSTIC  CURVE,  a  spaciei  of  tbe  caulio  oiinru 
formed  by  refractioa. 

DlACOtlSTICS,  orDuPHONici,  tlie  ooDsideration  of  the 
pniperttes  of  sound  lefiacted  In  paiaing  throagh  dlB'ereiit 
Oirdiuras. 

DI.£RBSIS,  in  Grammar,  the  divliion  of  one  syllable  into 
two,  which  is  usually  noted  by  two  points  over  a  letler,  a> 
aulai  instead  of  auln,  dissolnenda  for  dissolvenda. 

DIAGNOSTIC,  lo  Ifedicine,  a  term  jpTeo  to  those  signs 
which  tndicmte  the  present  state  of  a  disease,  its  nature  and 

DIAOONAL,  in'  Oeometrj,  a  right  line  drawn  across  a 
qoadrilateral  or  other  figure,  whether  plane  or  solid,  from  the 
vertex  or  summit  of  one  angle  to  that  of  another  j  and  Is  by 
some  authors  called  the  diameter,  and  by  others  the  diametral 
of  tJie  figure.  It  is  demonstrable,  1.  That  every  diagonei 
divides  a  parallelogram  into  two  equal  parts.  2.  That  two 
diagonals  drawn  in  any  parallelogram  bisect  each  other.  3.  A 
line  passing  through  the  middle  point  of  the  diagonal  of  a 
parallelogram,  divides  the  figure  into  two  e^nal  parts.  4.  Tke 
diagonal  of  a  square  is  incommensurable  with  one  of  its  sides. 
b.  The  sura  of  the  squares  of  the  two  diagonals  of  every  pand- 
Iclogram  is  equal  to  the  sum  of  the  squares  of  the  four  aides, 
4.  la  any  Irapeaiuni,  the  sum  of  the  squares  of  the  four  aides  is 
equal  to  the  sum  of  the  squares  of  the  two  diagonals,  together  with 
four  time*  the  aquareof  the  distance  between  the  middle  points  of 
the  diagonals.  7.  In  any  trapexium,  the  sum  of  the  squares  of 
the  two  diagonals  ii  double  tbesum  of  the  squares  of  two  lines 
bisectinf  the  two  pairs  of  apposite  sides.,  a  In  any  quadrila- 
leral  inscribed  in  a  circle,  the  rectangle  of  the  two  diagonals 
is  equal  to  the  aum  of  the  two  rectan0eB  under  the  two  paira 
9f  opposite  sides.    &.  In  every  parallalopiped  the  sum  of  the 


re^lar  or  not,  the  sum  of  the  squares  of  the  twelve  edges,  pli 
the  sum  of  the  squares  of  the  twelve  diagonals  of  the  faces,  is 
equal  lo  three  tiraea  the  snm  of  the  squares  of  the  four  diago- 
nals wkieh  cross  the  solid,  plus  four  times  the  sum  of  the 
squares  of  the  six  right  lines  which  join,  two  by  two,  the  mid> 


dtoyoinl*  eC  tiwae  tour  latin  diagnali.    11.  In  cveTf  poly. 

Spn,.  and.  in  QTCiy  pdyedron,  the  sum  of  tbe  aqoave*  of  the 
oes  whiob  join,  two  by  two,  Uie  diddle  poiBit'  hatli  of  aide* 
and  dlagonala,  14  the  quarter  of  l)ui*Ba.afllM  aqaniei  of  these 
sides  and  diagodals  ;  multiplied-  iby  llie:  nanber  «f  SHnmita  of 
the  polygon  or  polyiMrob,  dimlniabed  1^  IwO'nnita.'  1^  A 
farther  generalintion  of  the  latter  pioparty  leada  la  .ito  nust 


of  any  figure,  or  of  its  propcrtiea, 

DIAL,  or  SuN-DiAL,  an  instrument  serving  to  aaeafuretiue, 
by  means  of  the  shadow  of  the  san,  Tbe  word  is  formed  from 
dia,  day,  bneauae  indicating  the  hoar  of  the  day.  The  ancieals 
also  call  it  icia$kerieKm,  from  its  doing  it  by  the  ahndow. 

Di^L  is  more  acoaratety  deGocd,  a  draigbt,  or  dvaeriplioB, 
of  certain  lines  on  a  plane,  or  snrfase  of  a  baij  given,  m  ecn> 
trived  as  that  the  shadow  of  a  atil*,  or  lay  oflk*  ann,  passed 
through  a  bole  thereiiii  ibaU  toaah  ocrtain  pointa  at  ceitaia 
hours.  The  anlii^nity  of  dials  is  beyond  donbl.  Soaae  attri- 
bute their  invention  to  Anaximenes  Hileains,  and  otbcn  to 
Tbalcs.    Vjtmvins  mentions  one  made  by  the  aodeBt  Chaldee 


bi^torian  BeiDina,  on  a  reclining  plane,  almost  parallel  tii 
e^nioootial,  Aristarebns  Sainioa  invented  tbe  nenispher 
dial.    And  there  were  some  spherical  ones,  with  a  needle  k 


Cwtrtal  Dial. , 


gnomon,    "^he  discus  of  Aristarchus  was  a , 

with  its  limb  raised  up  alj  round,  to  prevent  tbe  shadows 
qtretching  too  far.  It  was  late  are  the  Romana  became 
aoquainted  with  dials.  Tbe  first  was  set  up  by  Papirina  Cai- 
sor,  at  or  near  the  tainple  of  Qniriou* ;  hot  being  inaocnralc 
about  30  years  after,  another  was  broagU  ont  of  Siefly  by  the 
consul  H.  Valerias  Hessala,  which  he  placed  on  a  pilUt  near 
the  Rostrum ;  but  neither  did  this  shew  time  tnily,  becaoseoot 
made  for  that  latitude ;  and  after  using  it  90  yews,  Martiui 
Fbilippua  set  up  another  moie  exact. 

The  diversity  of  snn-diali  ariiea  from  tbe  different  aitaatios 
of  the  planes,  and  fiom  the  different  figure  of  the  anrfaees  upcp 
which  they  are  desoribed;  whence  tfaey  became  denominatrd 
«9«iMclial,  A«ruoHla^  *ertieQl,  foUr,  dirttt,  trttt,  ittHMuii, 
inttiuing,  r»eUning,  tut, 

Unicerial  Dial.  There  are  several  kinds  of  dials  called 
unitersal,  bcvanse  they  serve  for  all  latitudes.  One  of  a  nij 
ingeoious  conatructioa  has  lately  been  invented  by  Hr.  G, 
Wright,  of  London.  The  hour  circle,  01  arch  B,  nnd  latitude 
arch  C,  ore  the  portions  of  two  meridian  circles ;  one  fixed, 
and  the  other  moveable.'  The  boui 
or  dial-plate  an  at  the  top,  )> 
fixed  to  the  areh  C,  andhaatuindn 
that  moves  irith  the  honr  mrcleB: 
therefore  the  consbnotion  of  A>> 
dial  is  perfectly  similar  to  the  ««»■ 
strnctian  of  the  meridiimt  and  boiii- 
circle*  upon  a  common  globe.  Tit 
peculiar  problems  to  be  perfbniri 
by  this  instrument  are,  1.  To  fisd 
tbe  latitude  of  any  place.  3.  Tke 
latitude  of  the  place  being  kneen, 
to  find  the  time  by  the  lun  and  aUn. 
3.  To  find  the  sun  or  stai*  altitadc 
and  azimuth. 
Bat  the  dial  being  properly  ad- 
g  justed,  a  great  variety  of  astrBOO- 
mical  and  trigonometrical  problcM 
may  be  wrought  upon  it,  «hicb, 
however,  our  limits  will  not  ollee  of 
detailing ;  we  must  thercfote  ruler 
Initruraeulal  Dialing,"  where  be  «iU 
n  this  subieut. 

DIALING,  the  art  of  drawing  dials  on  the  surraoe  of  laj 
given  body,  whether  plane  or  curved.  Dialing  i*  wbuUjr 
founded  00  the  first  moUon  of  the  heavenly  bodies,  and  chie^ 
the  sun ;  or  rather  00  the  diurnal  moUo/i  of  the  earth ;  so  that 
the  elements  of  spherics,  and  spherical  trigonometry,  afaould  be 
understood  before  a  person  advances  to  tbe  theory  of  dLiliag. 
The  edge  of  the  plaue  by  which  Ihe  time  of  the  day  is  found,  i* 
called  the  stile  of  the  dial,  which  must  be  parallel  to  tlie  earth's 
axis ;  and  the  line  on  which  tius  plane  is  erected,  is  called  lbs 
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D  1  A 


ThcMiRlafaitaded  Wtweetttlte  Mkitilo  aMstlff.M 
m  fifvalloti  M.heiirkt  of  lb*  Mil«(  AS  ffllbo  dtm  fi|hlK. 
iriaciplei  of  diahnff         "    '        •    <'       ' 

•ptlj'  illuaUUMl  by 
MMna  of  «  liollow  or 
gal  ■  pliMv .  uiaT  kUm. 
pose  a  P  H  p  la  ■opr*- 
»rl)i  H«  trUixpan'nt ; 
qnator  aiilivi^cdialo 
pHrl«    liy  HO    niuDjr 

■MBJuirclpK  a.  i.f.il, 
•  of  •  hinh  i»  llic  );u»- 
I  lui'ridinil  of  any 
««,  ms  Londiin,  wtiioh 
lucd  it  at  tJii-  point 
rihc  bournf  l-2wcro 
It  tb«  vi^aaiiir,  bolh 
t  meridiAn  and  tlip  opposite  one,  and  nil  the  tnt  oT 
\  in  ordrr  on  the  ntluT  mrrliliaoi,  thoite  nit'ridians 
t  tbc  hiinr  ciTi'lea  of  London;  brrause,  as  tliv  >gii 
Is  motu  round  ihe  rartJi,  wlileb  is  in  the  centre  ontiv 
Mvons.  in  'H  Imnrt,  he  will  jiass  Trom  one  meridinn  to 
n  an  hour.    Then,  if  the  siiherc  haA  nn  opaque  axis. 

trrminatinic  in  the  poles  P  and  n,  the  shudow  or  (he 
cli  is  in  (ho  Mmo  plsoe  with  the  nun,  nnd  with  earh 
,  wiiald  rHli  upon  every  particutiir  meridian  and  hour. 
'  Ron  raiue  (o  the  |>Ianr  nf  the  opposite  incndlan.  and 
>Btoqiientlj  shew  tlio  lime  at  London,  and  at  all  other 
I  tlw  same  muridian.  If  this  sphere  were  eut  through 
Ic  bj  a  solid  plane  A  It  C  D  in  the  ratiixul  hoiiziin  of 

ono  half  of  the  axis  E1>  would  be  al'Dvr  the  plane, 
ttbur  hair  Mow  it;  and  if  straight  lines  were  ilrawii 

c«n<n>  iif  the  ptanc  to  those  point.*  where  its  circun 
is  cut  l)¥  the  hoar  rircles  of  the  sphere,  those  lines 

Ihe  hour  lines  or  an  horiaonlal  dial  for  London:  for 
iw  of  the  axil  would  faJI  upon  each  particular  hour 
be  dial,  when  it  fell  upon  tbe  like  liour  circle  of  ibe 
IS  in  the  annexed  fiicarc. 

plane  wliiili  cul»  tin-  ■ 

«  upriebl.  asAFCG, 

tbe  Riven  place,  for 
,  London  at  F.  and  di- 
wimf:  Ihe  meridian  of 
It  will  then  l>reame  llie 

an  erect  direct  sontli 
I  if  riirht  lims  he  drawn  *[ 
CBtre  H,  lu  those  points 
rtnmffrence  where  the 
les  of  the  sphere  cut  it, 
1  be  the  hour  lines  of  a 
or  diret-i  sooth  dial  for 
to  which  Ihe  hour*  arc 
in  the  lik.'ure.  coairarf 

on  an  hririiontal  dial :  *aA  tbe  lower  lialf  Bp  nf  the 

east  a  shadow  on  the  hour  of  the  day  in  Ihifl  diat.  at 
!  linH-  that  It  would  fall  npon  the  like  baur  circle  of  tbe 
f  the  dial  plane  was  nut  in  the  way. 
plane  still  faeini;  Ihe  oiLTidian.  be'  made  to  inrline  or 
U17  numlirr  of  drzrees.  the  hour  circles  of  the  sphere 
cat  the  edci-  of  the  plane  in  those  points  to  whirh  Ihi- 
Fs  mast  be  drawn  slraiprht  from  Ihe  centre :  and  the 
tbe  sphere  will  etmt  a  shadow  on  theae  lines  at  the 
re  hour.  TheliiicMill  mill  hold,  if  Ihe  plane  he  made 
«  hy  any  nninher  uf  deRTves  froui  the  meridian  1owartl!i 

or  wc^t.  prOTidcd    Ihe    declination    be  Irs.i  than  W) 

or  tlic  reelination  br  less  than  the  co-latitude  of  the 
ad  IliL'  n\is  of  the  sphere  will  be  the  fcnnnion :  uthrr- 
rB\is»ilt  hnte  mi  elevation  abosc  tbe  plane  of  the 
I  i-BDn^t  be  a  (rnomon. 
I  appears  Ihal  the  plane  nf  every  dial  represents  the 

same  icreat  circle  oti  the  earth,  ami  Ihe  gnomon  of  the 
us ;  the  Tcrlex  of  a  riEht  piomnn,  the  c«nlre  nf  the 
visilile  heasens  1  and  the  plane  nf  Ihe  dial  is  just  as 

Ihi*  centre  as  from  the  utIit  of  this  stile.  The  earth 
■pared  with  its  disl;inri-  from  the  sun.  is  considered 
It :  aad,  Ihcrelure,  if  a  suall  sphcra  of  {lus  be  placed 


dpoiBHy  (Mrl  «rtha  earth's  inrftee,  an  that  its  axis  lie  parallel 
to  Ihe  sniia  of  tho  earth,  and  tbe  sphere  hare  sneh  lines  npon  il. 
and  sneh  planes  wittiln  it,  as  above  described ;  it  will  shew  the 
M)ni%  of'ttiB  day  as  truly  as  if  il  were  plared   nt  Ihe  earth's 
oefrir#;  and  IhasheH  of  the  earih  were  as  transparent  as  [class. 
■7'<t  ilrMrHr  an   Noriinitaf  Dial,  gnmrlrinHy,   ns  in  Ihi-  an- 
nexed Qgore,*— Draw    a  meridian  line    K  L,  (ii-r   MramiAV 
l.iHr.)  and  from  sny  psrt  (.',  erert 
the  pcrpendiculiir  C  l».  and  make 
Ihe  ancle  C  A  I)  =  to  the  Intiludi 
of  the  place,  and  draw  the  Mite  rfR, 
neeiinK  within  E.     Mske   GU  = 
C  D,  and  from  the  centre  It,  »iilli 
radios    El),  desetibe   a  i|nndrnn( 
E  B  F,  whieh  divide  into  si  s  equni 
parts.     Thmash  E  draw  V,  A  prr- 
pendir.ntarto  .\  B.  From  the  cent tr 
B  throufEh  Ihe  sereral  subdirisions 
of  the  quadrant  E  F.drnw  the  lines 
n  a,  11  A,  &e.  meelinc  the  line  d  k 
in  tbc  points  a,  b.  r,£e. 
From  E  draw  Ihe  line  BA.  and  set  nlf  Er.  F/.  H;,  Le. 
respective  equal  tn  En,  T.i.  Ee,  &r.    Through  the  pnini  A 
draw  the  lines  «  XI.   AX.elX,  &c.   also  <  I,  ^11.  ;III.  Ice. 
which  will  be  the  scviral  hour  lines  required,     then  nl  A  ereet 
Ihe  f^nomvn  or  stile  at  an  aniEle  equal  to  the  elevntlon  of  the 
pole,  or  latitude  of  the  place,  and  the  dial  will  l»e  eomplete. 
To  ramiwtf  the  AngUt  oflkt  Hour  lAKti,  trifmuinelrititUg, 
As  Kadi  OR 

Is  to  the  une  of  the  latitode  of  the  place. 
So  is  tanjcent  of  sun's  distance  from  the  meridian. 
To  the  taoirent  of  the  aoRle  from  the  nii-ridian  on  the  dial. 
The  precedinf;  construction  and  eotnpulstiun  for  the  rase  uf 
a  boriiontal  dial,  may  be  said  to  include  the  whole  theory  of 
diaKui;;  for  there  is  no  plane,  hawever  obliquely  situated  «ilh 
respect  to  any  given  place,  but  what  is  parallel  to  the  horiion 
nf  some  other  plaoe,  and  therefore,  if  we  find  that  other  pl-iee 
by  a  problrni  on  the  terrestrial  jilohc,  or  hy  a  tri^nnomelrical 
calcuiatiun,  and  eonstnirl  a  faoriiuntsl  dial  for  it,  ihat  dial 
applied  to  the  plane  where  it  is  to  serve,  will  he  a  lioe  dini  for 
that  place.— Thus,  an  erect  direct  south  dial  in  SIX"  north  lati- 
tude, woold  be  a  horizontal  dial  on  the  same  roeiidian,  IHI" 
southward,  which  falls  in  with  381°  sooth  latitode ;  btrt  if  the 
npriEht  plane  declines  from  facinic  the  south  at  the  irlvrn  plaee, 
it  would  be  a  borisontat  plane  tHl^  from  that  place ;  hot  for  a 
dHTereni  longitude,  which  would  alter  Ihe  reckoning  of  tho  bouts 


A  Tablk  1/ tie  AHplfi  rkirk'ihe  Himr-J.inri  fvrm  rilk  the 
NtritUmi  en  m  flnriiantal  Utml  for  ttrrjf  ialf  Dtgrtr  of 
lMiiudt,fr«m  SAP  to  HP  sa. 
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In  thU  table,  the  Juigles  formed  hy  the  Ijoev  for  V. mi  the 
morning  and  VII  in  the  evening,  IV  in  the  morJBing  tndiVIU 
in  the  evening,  &c.  •n  not  marked,  because  they  are  the  tame 
as  those  for  Y II  in  the  morning  aiid  Vin  the  eveniag,  VIII 
in  the  morning  and  IV.  in  the  evening^  ooly  they  lie  on  oppo- 
site sides  of  the  VI  o'clock  boar«UiieS|  as  was  shewn  in  the 
construction  of  the  horizontal  dial.  t  ■  ■  - 1 

The  use  of  the  table  may  be  easily  comprehenoed :  if  the 
place  for  which  a  horizontal  dial  is  to  be  made,  corresponds 
with  any  latitude  in  the  table,  the  angles  which  the  hour-lines 
make  with  the  meridian  may  be  seen  at  once.  For  example, 
it  appears  that  the  hour  lines  of  XI  and  I  must,  in  the  latitude 
of  5^,  make  angles  of  12^  32'  with  the  meridian.  If  the  lati- 
tude  be  not  contained  in  the  table,  proportional  parts  may  be 
taken  without  any  sensible  error.  Thus,  if  the  latitude  be 
64P  Id',  and  the  angles  made  by  the  hour-lines  of  >  XI  or  I  be 
required,  as  it  appears  from  the  table  that  the  inorease  of  3(X 
in  the  latitude,  viz,  from  64^  to  64^  W,  corresponds  to  an 
increase  of  4'  in  the  hour  angle  at  the  centre  of  the .  dial,  we 
may  infer,  that  an  increase  of  15'  will  require  an  increase  oft)' 
nearly,  and  therefore  that  the  angle  required  will  be  12°  16'. 

DIALING-GLOBE,  an  instrument  of  brass  or  wood,  with  a 
plane  fitted  to  the  horizon,  and  an  index  so  contrived  as  to  give 
a  clear  illustration  of  the  scientific  principles  on  which,dials  are 
constructed. 

DIALING-LINBS,  or  Sca^bs,  are  graduated  lines  placed 
on  rulers,  or-  the  edges  of  quadrants  and  other  instrfmentsi  for 
the  construction  of  dials. .  These  are,  1.  A  scale  of  six  hours, 
which  is  a  double  tanjcent,  or  two  lines  of  tangents,  each  of  46P, 
set  together  in  the  nuddle,  and  equal  to  the  line*  of  lines,  with 
the  declination  set  against  the  meridian  altitudes  in  the  lati- 
tude of  the  placCkV  2.  A  line  of  latitudes,  fitted  to  the  hour- 
scale,  and  made  by  this  oanoa :  As  the  radius ;  the  chord  of ^ 
QQR  :  :  the  tangents  ofea(^  respective  degree  of  the  line  of 
latitudes  :  tangents  of  other  arcs.  And  then  the  natural  sides 
of  these  arfhesi  are  the  numbers,  which  taken  from  a  diagonal 
^cale  of  equal  ^arts«  shall  graduate  the  divisions  of  the  line  of 
latitudes  to  any  radius.  The  lines  of  hours  and  latitudes  are 
general,  for  pricking  dowui  all-  dials  with  centres.  The  other 
scales  are  partioiilar>,  and  gjvo  the  several  requisites  for  upright 
declining  dials  by  inspection.  They  are,  1.  A  line  of  chords. 
2.  A  Line  for  the  sobstile's  distance  from  the  meridian.  3.  A 
line  for  the  stile's  height  4b  A  line  of  the  angle  of  12  and  6. 
6.  A  line  of  inclination  of  meridians. 

DIALING-SPHERE,  an  instrument  made  of  brass,  with 
several  semicircles  sliding  over  each  other  on  a  moveable 
horizon,  to  demonstrate  the  nature  of  spherical  triangles,  and 
to  give  the  true  idea  of  drawing  dials. 

DIAMETER,  in  Geometry,  the  line  which,  passing  through 
the  centre  of  a  circle,  or  other  curvilinear  figure,  divides  it,  or 
its  respective  ordinates,  into  equal  parts. 

Conjugate  Diameter  of  a  Conic  SectioHf  is  a  line  drawn 
through  the  centre  of  the  figure  to  its  sides,  and  the  shortest 
of  the  two  diameters  of  the  figure. 

Transverse  Diameter  of  a  Conic  Section,  is  a  line  drawn 
through  the  foci  to  the  curve. 

How  to  find  theDikU^TZKofShot  or  Shells, — For  an  iron 
ball,  whose  diameter  is  given,  supposing  a  nine-pounder,  which 
is  nearly  four  inches,  say  the  cube  root  2*08,  (of  nine  pounds,) 
is  to  four  inches,  as  the  cube  root  of  the  given  weight,  is  to 
the  diameter  sought  Or,  if  4  be  divided  by  2*08,  the  cube 
root  of  9,  the  quotient  1*923  will  be  the  diameter  of  one-pound 
shot,  which  being  continually  multiplied  by  the  cube  root  of  the 
given  weight,  gives  the  diameter  required.  Or  by  logarithms 
thus :  If  the  logarithm  of  1*923,  which  is  2*83979,  be  constantly 
added  to  the  third  part  of  the  logarithm  of  the  weight,  the  sum 
will  be  that  of  the  diameter.  Suppose  a  shot  to  weigh  24  lbs. 
add  the  given  logarithm  "283979  to  -400070,  the  third  part  of  tlie 
logarithm  I  38021 12  of  24,  the  sum  -7440494  will  be  the  loga- 
rithm of  the  diameter  of  a  shot  weighing  24  pounds,  which  is 
6*5408  inches.  If  the  weight  should  be  expressed  by  a  frac- 
tion, the  rule  is  the  same;  for  instance,  the  diameter  of  a 
pound  and  a  half  ball,  or  three  seconds,  is  found  by  adding  the 
logarithm  -2839793  found  above,  to  0580971,  one-third  of  the 
logarithm  of  two-thirds ;  the  sum  -3426704  will  be  the  logarithm 
of  the  diameter  required,  t.  e.  2-2013  inches. 


•It".    Mil  'ill  M    ■     <*      ■        :  •        » 

f  JSlu^MMm  •f.'the,2%iiirti|ite>  iariAalraaoiBgr,!  at0  eUhor  real 
0tiW^p%mnk»  '1VI1119  Bcalt  dianliters  areutfiiahsointe  iwiaaire  -ot 
them  in  iniltfiMitoiiAndithaMriappMHBit  dianvrtersKwe^he  tangles 
under  whioh'itheykappeat At  9|ieiilMtOfiSffanilhi^i«av1ki|  <Miare 
tfaereforetdifiEKant  under  fdifiktenticiseiimsiaMBB  ;»lair.  imowl- 
iag  as  tliuly  IMW  niMurtr  ormore  femvtri  fti^toiitbtfsarthii  Aathtie 
angles  are  very  ismaU,!. 'the d«fitaeli^aCtboj|flanel  mat'to/oon- 
sidered  as  part<of  a^deof  <t*hidi  thfieailhvistbeceDlre,«lnd 
they  are  yaid  to  contain  so  many  MMBatesUatoondsi  lu)..«s  is 
measared  by  that  arc,  and  oqnsequentlythe  apparent  diameter 
of  a  planet  is  in  the  inverse  ratio:  oft  ite  'distance.'  And  henee 
again,  the  apparent  diameters  and  -distnnoes'  being  knovfi, 
their  real  diameters  thence  become- deteniinad«<  /     :   / 

Table  of  the  Mean  and  Apparent  DiltnUfeti  of  the  Planets. 
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DIAMOND,  see  Chemistry,  for  the  prtiperties  of  the  dia- 
mond. There  are  various  kinds  of  diamonds,  as  the  Gomuh. 
Host  Arran,&e.  bnt  these  are  inferior  to  the  diamonds  of 
Brazil ;  and  these  last  to  the  gems  of  India,  Diamond,  in  the 
glass  trade,  is^an  instrument  «sed  fbr cutting  )cla8t,1n  wbick  is 
set,  in  lead  or  silver,  a  crystal  ot  gem  that  will  out  glass. 

Diamond,  in  Hesaldry,  expresses  the  black  cclonr  intke 
achievements  of  peerage. 

Diamond  Idinee  are  found  in  Biminl,  in  Sooth  Anwriea,-  sod 
in  Ooloonda,  Visapour,  Bengal^  and  the  island  of  Bnraeo.  Tbf 
diamond  can  only  be  cut  and  gronnd  by  itself  and  its  own  sab- 
stance.  To  bring  it  to  that  perfection  which  augments  its  piice 
so  considerably,  they  begin  by  rubbing  several  against  ead 
other  while  rough,  after  having  first  glued  them  to  the  ends  of 
two  wooden  blodcs,  thick  enough  to  be  held  in  the  hand.  It  is 
this  powder  thus  rubbed  off  the  stones,  and  received  in  a  little 
box  for  the  purpose,  that  serves  to  grind  and  polish  the  stoaei . 
Diamonds  are  cut  and  polished  by  a  mill,  which  turns  a  wbed 
of  soft  iron  sprinkled  over  with  diamond  dnst  mixed  with  oil  of 
olives.  The  same  dust,  well  ground  and  diluted  with  water 
and  vinegar,  is  used  in  the  sawing  of  diamonds,  which  is 
performed  with  an  iron  or  brass  wire,  as  fine  as  a  hair.  Some- 
times, in  lieu  of  sawing  the  diamonds,  they  clean  them,  espe- 
cially if  there  are  any  large  shivers  in  them. 

The  first  water,  in  diamonds,  means  the  greatest  purity  aixl 
perfection  of  their  complexion,  which  ought  to  be  that  of  tbe 
purest  water.  When  diamonds  fall  short  of  this  perfeetion, 
they  are  said  to  be  of  the  second  or  third  water,  &c.  till  the 
stone  may  be  property  called  a  coloured  one ;  for  it  would  be 
an  impropriety  to  speak  of  an .  imperfectly-coloured  diamood, 
or  one  that  has  other  defects,  as  a  stone  of  a  bad  water  only. 

For  the  valuation  of  diamonds  of  all  weights,  the  foUowioc 
rule  has  been  given.    First,  suppose  the  value  of  a  roup 
diamond  to  be  settled  at  £2  per  carat  at  a  medium,  then  to 
find  the  value  of  diamonds  of  greater  weights,  multiply  tbe 
square  of  their  weight  by  2,  and  the  product  is   the  valoe 
required:  e,ff.    To  find  the  value  of  a  rongfa  diamond  of  two 
carats ;  2  x  2  =  4,  the  square  of  the  weight,  which  multiplied 
by  2,  gives  £  8,  the  true  value  of  a  rough  diamond  of  two 
carats.    For  finding  the  value  of  manufactured  diamonds,  we 
suppose  half  their  weight  to  be  lost  in  manufeoturing  them ; 
and  therefore,  to  find  their  value,  we  must  multiply  the  square 
of  double  their  weight  by  2,  which  will  give  their  true  value  in 
pounds.    Thus,  to  find  the  value  of  a  wrought  diamond  weigh- 
ing two  carats ;  we  first  find  the  square  of  ioa1k>le  the  weight, 
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4  =  10 ;  then  16  X  2:=  3-3.  So  that  the  trae  faloe 
«f  btidiaMWMi  *ar/ two  etmm  ii^>£^NiiOtt  awKf^^Mci- 
\nm  'hM>  cbntttoetod  ttiMMifof  *tlK  ^ibe  «tfi4laQiiiii*i 
(tt>  '100 '  mratii.-  >fFhii|tal«»<'offMiiimn%Bd|l^"boiirevifh 

I  aifflMck«D  iniftKiiMtiovf  aid  wk^dt  r^l>iii6,  ttaatttD 
Toie 'CMiih^i  H^ea;*  Itf 'thfSwry<>l»r|^^dtaiilOMlk', 

ft  ralDwrilltbe  far  Mh»  the  tvatlui^lHaiBoni  eMtaikallf 
),  18  loaaditoiitoMiat  of  |Mire>t«irM«,tb«t«s,  eliaroAair 
D»i>,  BfiHinnt,  ia'thatiHiieh  ill  cat  in  fanes  at  tlia  top 
tom ;  and  w  lioaa  table,  or  principal  face  at  top,  tt  flat. 
osD,  Mm#,  is  ono  that  is  quite  i^t  undernaatn,  wUh  its 
srtrut  immany  littlo  faoea,  nsuallj  tifoflgles;  the  a|>pdr< 
which  terniioates  In  a  point.  '■' 

IJE  ARHOR^  or  Arsor  LrvjB^  ki  Choaistry,  the  beao- 
rf tallisations  of  jilvei;»  dissqlved  in '  nitoous  •  w\  to 
umi*  quicksilver  is  added ;  and  so  called  from  their  re- 
IC  the  trunk,  branches,  leaves,  &c.  of  a  tree^ — (See  page 

ITHUS,  a  g:enas  of  plants  bolon^ng  tp  the  class 
(,  or  hermaphrodite  plants,  as  the  clova  gilliflowcr, 
^  pink,  !»wert-williaai,  €ce. 

*ASON.  in  Monlc;  an  inter\'al  that  axproas^s  the'iMfase 
recks,  or  a  niie  or  scale  w4ie«elpy  musical,  invtruitfcnt 
adjust  the  pipos  of  or^cans,  <Bnd  cnt  tlie  hqlcs  of  hSut- 
ites,  &c.  in  dao  proportion,  ftir  performiqg  tiie  tones, 
el,  and  concords,  witli  predsion^  | 

^BRAQM,  in  Anatomy,  the  midriff,  a  strotigmasmilar 
CO  that  separates  the  breast  aiid  thorax  from  the  nbdo- 
d  thus  portions  off  the  abdomijial  and  tboriiela^lic^ra. 
LEH(RA,  or  LnosENfss,  in  M^diciaa,  is«freqaent*and 
dvacuation  of  liquid  excrcmedt  by  stool.  ■ 
tY,  a  journal  or  day-book,  containing  an  account  of 
ly's  piweoedtofTS.  •  >       /  ■ 

•TOLE,  in  Phyaic,  signifies  the  dilatation  of  the  keart, 
,  and  arteries ;  and  stands  opposed  to  the  systole,  or 
Ion  of  the  same  parts. 

'ESSARON,  in  iMusic,  applied  by  tho  Greeks  to  that 
wbiuh  we  call  a  fourth ;  consisiinK  of  a  greater  tone,  a 
Dnc,  and  one  greater  semitone.  The  word  is  also  used 
our  gospels,  arranged  after  the  manner  of  a  harmony. 
ILING,  in  Aerioollure,  a  mode  of  setting  com,  or  ether 
practised  with  advantage  in  places  where  labour  \s 
It  is  chiefly  used  for  putting  wheat  crops  into  the 
The  practice  of  dibbling  was  first  introduced  into 
p  about  twenty>five  years  ago.  The  method  of  dibbling 
when  the  land  is  ploughed  aad  rolled,  a  nsaa  with  an 
ble,  of  aboat  three  feet  long,  in  each  hand,  walking 
rds,  makes  two  rows  of  holes  in  each  farrow,  at  about 
bea'  distance  from  each  othrr,  and  an  inch  or  two  deep, 
ibler  is  followed  by  two  or  three  women,  or  children, 
(p  two  or  three  grains  into  each  hole.  The  field  is  after- 
ush*harrowed.  The  usual  quantity  of  seed  is  from  a 
md  a  half  to  two  bushels  per  acre,  and  the  expanse  of 
ibout  tt»n  shillings.  An  experienced  dibbler,  with  three 
ittendants,  will  ulant  half  an  acre  a  day,  making  six 
every  foot  length. 

S,  amonic  framesters,  certain  cubical  pieces  of  bone  or 
larkeil  mith  dots  on  each  of  their  faces,  from  one  to  six, 
ig  to  thr  mimt>er  of  faces.  Sharpers  have  several  ways 
^ing  dice :  1.  By  sticking  a  hof;*s  bristle  in  them  so  as 
•  thrni  run  high  or  low  as  thoy  please.  2.  By  drilling; 
din?  them  with  quicksilver ;  which  cheat  is  found  out 
ing  ihrni  gently  by  two  diagonal  corners ;  for  if  false 
vy  sides  will  turn  down.  3.  By  filing  and  roundinjc 
But  all  these  ways  fall  short  of  the  art  of  the  dice 
:  some  of  whom  are  so  dexterous,  that  sharping  game* 

II  ai^e  any  money  for  their  assistance. 

*•  in  Medicioe.  comprehends  the  whole  reinmen  or  niel 
with  n'lnird  to  the  six  non-naturals  ;  air,  meats  and 
sleep  and  watching,  motion  and  rest,  passions  of  tho 
eteniions  and  exrretions.  Or  it  may  merely  imply 
ad  drinkin|[,  or  solid  aliments  and  liquids. 
ETICS,  the  Science  or  Philosophy  of  Diets:  that 
•aches  us  to  adapt  particular  foods  to  particular  organs 
tion,  or  to  particular  states  of  the  same  organs  ;  so  that 
test  possible  portion  of  nutriment  may  t>e  extracted 


from  a  jriven  quantity  of  nutritl?e  matter ;  or  a  iufllcient  por- 
fUmma}  heobiniitc^^aHi  ifcwlniltyMai>lt<yiatity  of  ♦tgnnic 
hblM>il'iii(i4qkA«uiti«tt.   "   •'•    -'»ifi -o  .m   ■■  It  ' 

••'lMFrB«ENCIS;'to  the  mhuntoivsAtrUlLiBr  tie  Icm  ol 

il^tyquamsltfei  IMtnth^ f^wRtniin'*:"  "  T  'i<  11 '  *•■•- 
•"DiFmnii<t»i>f"Ebic|j|iid^  of<i|wo' pfdciK'ia  u  aft  «r  tlie 
ei^atDri«mlsiae«  batwtMi  *tli«'iiiefMI«m  if^tb^eplae^a/ 

DIFFERENTIAL,  in  tholhltrHeif  OeoMtr^,  It  an  iofliflHy 
•aiall  q««ntity,  orfart  of  <pianli^,so  small  as  to  be  less  tb»n 
any  assignablo  one,  and  is  thus  denoninated,  because  it  is 
freqnen^  eonstdered  a»'ttie*4Mfreft4nee  of  two  <|aantitles,  and 
as  sueh  i^tbe  fooiM!atlon  of  th<^  dHnfrential  ealculus. 

'Dl¥i*EntevTiA!t  CAi/Mm,  l/rf«iellMld  of  dilTermeing  qnnnti- 
ties,  or  of  finding  avlninitsly  flniall  c^i^^tity,  which  being  taken 
InfinMe  tiines  shall  b*  rqual-ld  a  Ijiven  lyarantity ;  or  if  is  the 
arithmetle'of  tile  inlhittSly  swaH  dMwreuoes  of  variable  qaantl- 
tlek ;"  arid' thus  differs  in  Its  Ihetop1i3sieff  from  the  fluvional 
ealbniua,  lliose  quantities  whie%  in-  tile  fcrwier  are  considered 
as  infinitely  smalt  ditl^reaces;  being 'In  the  latter  auppofed  to 
be  ^'infinitMy  small  or  toomentnry  Ineremcats  of  variable  or 
Rowinir  ifMPatltlee; 

DI0E6TER.  The  digester  la  an  itislMnwtK  Invented  by  Mr. 
Papin  aboat  the  begihnlng  of  the  last  ecwtM^.  It  rnw  it#ong 
▼essel  of  toppMp'or  iron,'4libii  esprer  adapted  to  screw  on  with 
pleeea  of  ftleor  paper  intHp<MM^'  A  iraive  with  usmall  aper- 
ture is  made  in  the  cover,  the  stopper  of  which  valte-  mav  be 
raeve  or  less-  limded,  cHber  by  aetunl  wa4|cfita;  or  ty  jw4Ssu re 
from  an  uf  paratus  on  the  principle  of  the  steelyard.  The  pur- 
pose of  thib  vessel  Is  to  pro  vent  tISD  loss  of  heat  by  srfafMiration. 
llie  solvent  power  of  water  when  heated  In  this  vensol  Isgrsarty 
ineroased.  Papin*s  digester  was  constructed  on  the  principle 
of  meohanlcal  pressure  being  neeessaij  to  elevate  fluids  tu 
higher  temperatures  than  their  coMMSion  boiling  points. 

A  is  the  boiler  t  B  the  lid,  fastened 
down  by  (bur  screws ;  C  a  valve  to  allow 
the  escape  of  a  small  portion  of  sSeam,  to 
pre^'^nt  the  bursting  of  the  apparatus ;  D 
is  a  notohed  lever,  on  which  a  weight  'E 
hangs,  to  present  the  valve  from  rising 
by  a  sNght  expansion  of  the  steam.  The 
weight  is  heavy  according  to  the  strength 
and  thickness  of  tbe  iron  of  which  the 
digester  Is  formed.  Tlie  whole  appSrnius 
is  gvnemfly  made  very  stroag,  te  prevent  accidents.  Animal 
bones  are  dissolved  with  great  fkoillty  in  these  digesters,  in 
order  that  the  gelatine  conHned  in  them  muy  be  converted  into 
rich  soups,  &e.  V6r  this  purpose,  they  have  been  much  used 
in  hotels,  roffee-bouses,  and  (kmily  establtshments.  Tbe  heat 
of  tho  water  contained  in  this  apparatus,  is  so  intense  as  tu 
mHt  lead.  '  ' 

DIGESTION.  In  Medielnr,  is  the  dissohition  of  the  aKmcvils 
into  such  minute  parts  as  are  fit  to  enter  the  lacteal  vessels  and 
circulate  with  the  mass  of  blood.  The  food  is  first  conveyed 
to  the  stomach,  where  by  means  of  the  (gastric  juice  it  is  e^n- 
verted  into  chyme.  The  chyme  passes  into  the  intestinal  canal, 
where  it  Is  subjected  to  a  new  process,  being  gradually  decom- 
posed and  converted  into  chyle  and  excrementitious  matter, 
which  by  means  of  the  bile  are  separated  from  each  other. 
The  excrementitious  matter  is  evscuated,  but  the  chyle  i% 
absorbed  by  the  laeteals,  and  conveyed  to  the  blood  vessels  by 
the  lunffs. 

DHiGlNG,  among  miners,  the  operation  of  freclnfc  ore  frmii 
the  stratum  in  which  it  lies,  where  every  stroke  of  Uieir  tools 
turns  to  account :  in  contradistinction  to  the  openings  made  in 
search  of  such  ore.  which  are  called  hatches  or  essay -hatches, 
and  the  operation  itself,  tracing  of  mines,  or  hatching. 

DIGITS,  or  MiiKAiiEs.  in  Arithmetic,  signify  any  integer 
under  10.  as  I ,  *2.  :l,  4,  6,  fl,  7,  8.  U. 

DIGGLK.S,  Lkonasd,  an  English  mathematician,  bom  at 
Bnrham.  in  Kent,  and  eclucated  at  University  college,  Oxford, 
wrote  a  treatise  on  "  Survey inif,"  ••  Geometry."  and  **  Prog- 
nostication everlasting  of  right  good  Effect,"  or.  **  (*hoice 
Rules  to  judge  the  Weather  by  Sun,  Moon,  and  Stars,"  fcc. 
He  died  about  1.574. 

Di(i(iLEs.  7'A(imai,  son  of  the  preceding,  educated  at  Oxford, 
after  which  he  became  muster-mastcr-geueral  of  the  forces  sent 

a  M 
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bj  ^HMB  Siiuholh  to  Dm  Netkntuids.    He  vrate  ■■«»  MiN>  > 
(■ry  pfeoes,  noA  utmc  om  astfooomgr,  and  other  aubJecU  of. 

inatheinatici.    He  died  in  I5fl5.  '     I 

INOIT.  ie  AriUinetic,  sifsitei  any  ffne  oTlbe  ton  avMHtth.  ^ 
1, 2, 3, 4, 6,  e,  7,  B,  9. 0.    The  word  oobm  ten^^riMt;  Kfiager:;  j 

pntmlioBk.    Digit,  ia  «tao  atneMnrevqw  tatb«e-li)iiirtlH«€! 

DieiT,  in  AstrDoom;,  is  the  measme  hj  lA'uA  Bwcatinajc 
4h«  qpantity  of  an  eolipae.  The  diameter  of  tbe  sun  or  moon'a  ' 
diaoiB  conceiTed  tobediTidedialoIXequal:paTta,caUeddifitai 
and  according  to  the  nnmbsr  oflboae  paHa«r  dif^^rhioh  are 
obscured,  bo  many  dipta  are  aaid  to  lie  «cBpaed.  When  the 
Inminary  ii  wholly  covered,  the  difCila  oelipaed  mre  preciady 
12;  and  when  h  iBmore^Hia  covered,  aa fa  freqnentlr  Ihe  caae 
in  luaar  eclipaes,  then  more  than  12  digita  aro  said  to  be 

DIKE,  orDynE,  a  dMdfaor  dtain;  and  also  a  woil  of  atone,, 
timber,  or  fasctnca,  nriaett  to  oppose  the  passage  of  the  wsiera 
of  tlie  aea,  a  lake,  river,  or  the  like. 

DILAPIDATION,  is  where  an  incumbent  of  a-chatch  Bvinf: 
anOers  the  parsonaf^-bonse  or  oat-jiomes  to  fhll  down,  or  be 
in  dec^  for  want  of  aeoessaty  reparaliona ;  or  it  ia  the  pulling 
down  or  destroying  any  of  the  hoases  or  buiMings  belonging 
to  a  spiritual  Hying,  or  destroying  of  the  woods,  trees,  im,,  ap- 
pertaining  to  the  same ;  for  It  is  said  to  exleDd  to  oomnutting 
or  saffering  any  trilfal  wajite,  in  or  upon  the  inheritauee  of  the 
ohnrch. 

DIMENSION,  in  Geometry,  is  either  length,  breadth,  or 
thickness.  Thus  a  Itne  baa  only  one  dimension,  Ungth;  a  snr-  ; 
face  two,  length  and  breadth ;  and  a  body  or  aoHd,  Ititgth,  . 
breadlh,  and  tkiekneu.  I 

Dimension  of  an  fi'^tufira,  or  any  tflhoriiQBntityjn  Algebra, : 
ts  used  with  regard  to  the  highest  power  that  enters  into  its  : 
cuanposiiion ;  thas  an  eijnation  is  said  to  be  of  one,  two,  three,  j 
tie,  dimensions,  according  as  it  inTolves  the  simple  qnaiitily, ! 
the  square,  cabe,  ke. ;  so  thst  a  simple  equation  is  of  one 
dimension,  a  quadratic  of  two,  a  cubic  of  three,  Ilc. 

DIMINUTION.  In  Architeotore,  a  contraction  of  the  upper 
part  of  a  colnnin,  by  whioh  its  diameter  is  made  less  than  that 
of  the  lower  part. 

Diminution,  in  Law,  where  the  plainliir  or  defendant  in  a 
writ  of  error,  alleges,  on  an  appeal  to  a  superior  court,  that 
part  of  the  reoord  is  omitlvd,  and  remains  in  the  inferior  court 
not  certified ;  whereon  he  prays  that  it  may  be  certiGed  by 


DICTIONAKY   or  MBCHANlCAt.  KCIBNCE. 


DiviNUTiON,  in  Music,  when  there  are  several  words,  which 
are  to  make  tones,  and  several  quick  motions  in  a  cadence, 
several  quavers,  semiquavers,  &c.,  corres ponding  to  a  crotchet 
or  minim,  as  when  a  semihreve  is  divided  into  tno  minims,  foar 
oroV;hets,  &c. 

DIMINUTTVE,  in  Grammar,  a  word  formed  from  some 
other,  to  diminish  the  force  of  it.  or  to  signify  a  thing  is  little  in 
its  kind.    Thus  Hal  is  n  diminutive  of  Henry. 

DINOCRATBS,  a  celebrated  Macedonian  architect,  who 
'flourished  in  the  time  of  Alexander. 

DIOCESB,  the  circuit  of  every  bishop's  jurisdiction.  For 
this  realm  hatb  two  sorts  of  divisions  ;  one  into  shires  or  coun- 
ties, in  respect  to  the  temporal  stnle;  and  another  into  pro- 
vinces, in  regard  to  the  ecclesiastical  state,  which  provinces 
are  divided  into  dioceses.  The  protioces  are  two,  Canlerbnry 
and  York  :  whereof  Cunlerbury  inrludes  twenty-one  dioceses, 
or  sees  of  suflrHgan  bishops;  and  York  three,  besides  the 
bishopric  of  the  Isle  of  Man,  which  was  annexed  to  (he  pro- 
vince of  York  by  king  Henry  the  Eighth. 

DION^A  HtlSCEPULA,  or  Vena.;  Fly-Trap.in  Eolany. 
ft  senailive  plant,  in  the  construction  ofwhich  nature  s«enis  to 
bave  had  some  view  towards  lis  nourishment,  in  formin);  the 
upprr  joint  of  its  leaflike  a  machine  to  catch  food  :  Find  placing 
npoo  the  middle  of  it  the  bail  for  the  insect  ihst  becomes  its 
prey.  The  plant  i^  nf  the  monogynia  order,  in  the  decandrla 
class.  It  grows  in  Ameriea.  in  wet  shady  pliires,  and  flowers 
in  July  and  August;  the  glands  of  those  exposed  lo  the  sun  are 
nf  a  beaiiliful  red  colour,  but  those  in  ihe  .vhnde  are  nf  a  pnle 
green.  The  roots  are  squamous,  sending  forth  few  fibres,  and 
•re  perennial.    The  leaves  are  numerous,  and  placed  in  a  cir- 
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cnlnr  order, Join ICd  tthd  suciMilMif-,  flie  upper  joiata  consist  at 
tnwlblif^,  ofii T^cmt-'oVal  form, wiitt  the na^aa  fornialied  wlA 
MOffltaiti.  #hF6h  lodk  In  each  othei'  when  tkey  dose  ;  Ute  upper 
.Bdri^tn  of  -these  l^bek  afe  oOV^Ved,  with  red  glanfla,  eadi  el 
laHoh  ai^iK-aiV,'  wHps  bi^ily  vtigmOed,  fik«  a  oompreased 
aitotii^  berry.  The  stalk  is  ab6M  sis  inches  falgl^  round, 
BW»*li,  iiinl  wiiLoiii  l^:iMs.  f'lidinf  (ii  a  spike  offlower^  milk- 
wbite,  and''«t*iidUte'«n  rodtpuMcs,  *t  the  faottom  of-wMoh  is  a 
11ttl6  painted  bfactea  or  ITOwcr-lear. 

D10NYBIV8,  an  ancient  geographer,  snppeied  U  have 
floarisbed  in  Ibe  time  <ff  Ibe  first  Augustus  Cesar. 

PHW>HANTINE  Anslysis,  or  Problem*,  in  Algebra,  are 
certain  qnestions  relating  to  square,  cube,  Ue.  nntnbers,  aad 
TMlonal  rigVt4n^ed  ttiaiiglea;  Uie  properties  of  which  were 
first  discussed  by  DiopfaantDR,  -in  bis  **  Arilhnietic." 

DIOPTRICS,  Or  ANaclistics,  the  doctrine  of  refracted 
•riaion,  vritioh  invettig^tes  and  ttxptains  the  elFtota  of  ligbt 
refracted  by  passing  through  diHereui  mediums,  as  air,  water, 
glasB,  See.  and  partienlarly  lenses.    See  Hepraction  and  Leks. 

9IP  of  Ae  llmtoa,  ie  an  allowance  made  in  all  astroao- 


DIPHTHONG,  in  Grammar,  a  donfale  vowel,  or  the  mixture 
of  two  vowels  prODonnced' together  so  as  to  make  r>nc  ayllalile. 

Dn^X>HATICS,  a  word  derived  from  dy^loma,  in  ibi» 
instance  signifying  the  king's  letters  patent,  for  the  jutuoedisie 
expediting  of  an  ambassador  or  envoy  to  a  foreign  court.  The 
art  of  diplomatics  has  been  cultivated  with  great  aaaidoitj  by 
-every  nation  in  Europe  for  very  many  years  |iaat,  and  mca 
-experienced  in  political  history,  of  engaging  manners,  and 
possessing  a  considerable  share  of  duplicity,  have  always  been 
-flctected  by  -each  -to  practise  it. 

DIPPING,  among  Miners,  slgDiGes  the  interrapUon  of  i 
vein  of  ore ;  an  accident  that  gives  them  a  great  deal  of  trouble 
before  they  can  discover  the  ore  again. 

DIPPING  NEEDLE,  or  Inclinatury  Needle,  a  magncti- 
cal  needle,  so  hung,  as  that,  instead  of  playing  horiiontally,  and 
pointing  north  and  south,  one  end  dips  or  inelines  to  the  boii- 
zon,  and  the  other  points  to  a  certain  height  above  tt  •* 
shewn  in  the  following  results  of  several  of  the  most  acennic 
experiments  that  bave  yet  been  made  on  this  anbject. 


LATITUDBS 

mPofthfNOHTIl 

BATES  rf 

Konli. 

£ui. 

END,(HBM;tUI.E. 

3.1°  5* 

193°  39 

69°  10- 

1778 

49     36 

233     10 
Wetl. 

72    29 

&2    24 

83    30 

79     17 

J775 

44      5 

S     10 

71     34 

1776 

38    53 

12       1 

70    30 

34    57 

14       ts 

66     12 

39     IS 

Ifi       7 

«2     17 

21     24 

m   11 

5U       1) 

20    47 

19     3G 

66     15 

15      8 

23    38 

51       0 

12       1 

23    35 

48    26 

10      0 

2-i    52 

44     12 

5      2 

aj     10 

37     25 

South. 

0      3 

27     38 

30      3 

4     4I> 

30     31 

32     15 

7     a 

.13     21 

17     !>7 

11     25 

34    24 

9     15 

CMt. 

SaulA  and  Mow. 

Ifi    45 

208     12 

29    28 

19    28 

3114     II 

41       0 

21       » 

185      0 

39       I 

1777 

35    53 

16     20 

45    37 

1774 

41       5 

174     13 

63     49 

1777 

4a    47 

166     18 

70      5 

1773 

The  inventor  of  this  instranient  was  one  Robert  Noimau.  a 
cnmimxH  maker,  of  Wapping,  about  the  year  1576. 
Some  have  cudeavourrd  to  liiid  the  latitude  and  longitude  cl 
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Bic*aiiH  or  ihc  dipping  nredic,  particularly  Burruwet, 
lioud,  \Miiistun,  Nc. :  but  as  iMKliiuic  o£  importuoce 
from  tlu'ir  attrui|)i.<«.  it  would  be  uscrlcss  to  enter  upon 
anatiou  of  their  particular  mctboda  in  this  plaev* 
>llowini(  pcn''r!«l  rule  way  be  adopted: — In  order  to 
loD?;itU4le  nr  iHtitude  hy  tlie  dipping;  needle.  Iftbe 
*qual  dip.  hrlow  the  liorison,  be  drawn  on  mapi,  or 
I,  froia  ^ood  obit  r> ations  it  will  be  easjr.  from  tlie 
known,  to  find  the  latitude;  and  from  the  latitude 
» And  till*  lon^itufle.  Suppose,  for  exnnvple,  }ou  wore 
or  sailiui^  alonsc  the  meridian  of  London,  and  found 
of  dip.  w  ith  a  iiredle  of  one  foot,  to  be  76^,  the  chart 
,  that  this  lueridiuo  and  tlie  line  of  dip  meet  in  the 
>f  63^  11  ;  which  therefore  is  the  latitude  soucbt. 
%e  you  were  travt'llin};  or  Mailinf^  along  the  parallel  of 
I.e.  iu  6P  .l^'  north  latitude,  and  you  tind  the  an*rle  of 
74"^.  Thin  parallel,  and  the  line  of  this  dip  will  meet 
ip  in  l"^  40'  of  east  loug^itudo  from  London,  which  is 
the  loiiicitude  sous^ht. 

jT,  a  term  frequently  used  in  Aritlimetic.  Astronomy, 
c.  to  denote  some  ptniultar  condition  or  cireuinstanee, 
Proportion,  Ratio,  Rajfs,  f'tfion,  &c.  for  which  see  the 
e  sub.stanees. 

r,  in  Astronomy.     See  Consf.qi'ENTM. 
r  />i(i/,  is  one  which  points  directly  to  any  one  of  the 
inal  points,  and  is  hence  called  direct  tast,  west,  norths 
!«/,  according;  to  the  point  towards  which  it  is  directed. 
r  Sphere.     Sve  Hl<inr  Sphere, 

VTIOS,  iu  Astronomy,  the  motion  and  other  pheno- 
I  planet  when  direct. 

DiKFCTioN,  iu  Gunnery,  is  the  direct  line  in  which 
is  pointed  :  and,  in  Mechanics,  the  same  term  implies 
1  which  a  body  moves,  or  in  which  a  force  is  applied. 
0  conspiriu!;  forces  art  on  a  body  at  the  same  time, 
included  between  the  lines  of  their  direction  is  called 
rf  dinrtion, 

'  of  DiKKcriON.  in  the  Calendar,  is  the  number  of 
Septu;ip:esiiiia  Suuday  falls  after  the  seventeenth  day 

y- 

jf  of  l)iRF.(Tin\\  in  Merhanirs,  is  a  term  sometimes 
enote  w  hat  is  more  commonly  called  Mummtum. 
rrLY,  is  iisfd  in  nrarl\  the  same  sense  as  direct ; 
ay,  (pMUtitirs  are  directly  proportional,  which  is  onl> 
'ay  ol'  staiim^  them  to  be  in  direct  proportion;  anil 
mics,  our  hod)  is  said  to  impinj^e  diiectly  upon 
Then  the  former  strikes  the  latter  perpendicular  to  its 

!TRf\,  in  tho  Conic  Sections,  is  a  certain  ripht  line 

'ular  to  thf  axis  of  tho  curve,  and  frequently  referred 

itiii;;   of  the   prop<^ities   of  those   ligures,  from  the 

<n  of  tlii-m  in  plani). 

Rix.  or   Pirifftnt,  is  also  that  line  or   plane  alon^ 

othrr  liiir  or  plane  is  supposed  to  move,  in  the  g:ene- 

a  siirl'arf  oi  solid. 

'LCD.  tlio  .state  of  a  ship  when,  by  the  loss  of  her 

ils.  \:ir<ls,  or  njuinir.  l)y  spriii^jiiij;  a  leak,  rrcfi^int: 

ture  in  the   hull,  or  otlii-r  di.snstrr,  .she  is  rendered 

of  prosiTutiu};  her  vo}a.:;e  without  i;reat  difliculty 
rr. 

the    fnrv  of  the  sun   or  moon,  as  either  luminary 

0  thf  iiakrd  r\v. 

1  O'.i'virs,  in  the  width  of  the  aperture  of  telescope 
hrt  n-r  plain*.  r<»iivi'\.  ronca\e.  \c. 

IVKiiK  OF  Fit  Ills.  tiiron>;h  apf*rtnres  in  the  sides 
ins  nf  vessels,  is  a  subject  which  has  en;ra;'ed  the 
bnth  nf  theori.stH  and  experimentalist:  and  may  be 
il  III  J  I'  r  I  ilher  point  of  \iew.  We  shall  first  stale  the 
;  I  •;!■  »!ti»>ns  in  the  theoretical  part  of  the  subjeet. 
irivi-  N->:ne  of  t)n'  most  reinnrkalde  and  aeenratc 
lis.  I\    Hossut,  Venturi,   K^ttlwein.   ^  ince,  Voun:;. 

* 

luid  inns  ihrnuirh  a  pipe  or  tnlie  of  an  uniform  shape. 
mil! II  %  i.i  it  v*ill  pass  ihrou-h  e\ery  parallel  section 
lie.  This  i>  e\ident.  beeause  the  same  quantity  ot 
i  pasN  ihrouch  the  same  section  in  the  same  time. 
;h  Ihc  %\ater  runs  with  the  same  %eiocity  through 


>t 


II 


.-  r 


every  section  of  the  tube*  it  docs  not  ruu  with  equal  velocity 
through  every  ^arl  of  the  vaum  scctiAiu.  Jts  iuotio*i  is  swiftest 
towards  tbo  middle,  and  slower  towwds  tbc  sides  of  the  tube, 
where  it  is  reterdud  by  friction. 

2.  If  m  fluid  runs  tlirouKb  a  tube  or  pipe,  kept  c-onstantly 
full  by  weami  of  a  proper  supply,  but  which  is  not  of  uniform 
shape:  then  the  vcluciiy  of  the  fluids*  in  diflerciit  sections,  will 
be  inversely  as  the  areas  of  the  seetioos.  For  since  the  tube 
is  always  full,  the  same  qiiaiuity  of  water  musl  pass  throuj^h 
every  section  of  it  in  the  same  time ;  but  if  tlie  area  of  one 
section  be  half  as  ^rcat  as  tbe  area  of  another  section,  the 
same  quantity  of  water  cannot  pass  throu)(b  both  sertions  at 
the  same  time,  unless  it  pass  throuKh  the  former  sei'tiou  wiih 
double  the  velocity  with  which  it  passes  tlirouKh  tbe  latter.  Jf 
the  area  of  the  iormer  section  be  oue-tbird,  or  one  fifih.  of  the 
area  of  the  latter,  the  same  quantity  of  water  must  pass  thiou^.' 
the  former  with  a  veh>Kity  which  is  three  times,  or  live  times, 
the  velocity  with  which  it  passes  through  the  latter.  Hence 
tlie  \elucjiies  must  be  inversely  as  tbe  areas  of  Uie  sections. 

3.  If  a  II 11  id.  tloHinj;  through  a  small  orifice  in  tbe  bottom  of 
a  vesM-l,  be  kept  constantly  full  by  an  uniform  supply  at  the 
top,  the  velocity  of  the  dischar^infc  fluid  will  be  equal  to  that 
acquired  by  a  hea\>  body  in  falling;  freely  through  the  height  uf 
the  surface  of  the  fluid  aliove  the  orilice. 

...  Ijet  MNOF  represent  a  \cssel  filled 

^  f:^'  ;  ♦^    with  a  non-elastic  fluid  up  to  the  lr\el  of 

JK;  MP,  tlic  bottom  in  whii-h  is  the 
aperture  (*  l>  (very  small  in  couipaiison 
with  MVu  CIKI>  the  coluiun  of  the 
fluid  standing  directly  above  the  apertuie, 
and  C  A  B  1>  the  lowest  lamina  of  tlie 
fluid  inimetliately  contif^uous  to  the  ap«'r- 
ture*  Also  let  r  deuute  the  vclucil}  wiiich 
a  hcfk\\  body  would  ae(]uire  in  falliitjc 
freely  through  11 1),  the  beiKht  of  the 
p  lamina;  and  V  the  vebicity  acquired  by 

tlie  same  lamina  during  its  descent 
through  the  same  space  until  it  is  discharged  by  the  presAure 
of  the  column  CI  K  1>.  If  we  suppose  the  lowest  lamina  of 
fluid  A  C  i>  H,  to  fall  as  a  hcav\  body  through  the  heiuht  IS  V, 
its  ino\iiig  orifice  will  be  its  own  weight.  Asain,  .suppu.sc  it 
to  be  accelerated  by  its  own  weight,  together  wiih  the  pics- 
sure  of  the  ambient  fluid,  about  the  column  C  J  k  L> ;  ru.  by 
the  weight  of  the  column  C  1  k  1)  through  the  same  Apace : 
that  is,  wliile  it  is  accelerated  from  quiescincc  until  it  is 
actually  discharged  :  then  the  velocity  in  the  former  ciise  will 
be  to  that  in  the  latter,  as  the  nio\int;  forces  aud  ihe  times  in 
which  they  act  directly,  aud  the  quantities  of  matter  iiiO\i:d 
in\er.Hely.  But  Ihe  moving  forces  are  to  each  other,  i\*  the 
heights  B  D  and  k  I)  ;  tbe  times  in  whieh  they  act  ate  in\crM-ly 
as  the  velocities,  the  space  through  which  the  body  is  accele- 
rated being  gi\en;   and  the  quantities  of  matter  moved  are 

n  i>    k  i>     , 

equal ;  therefore  r  :  \  : :  — ;—  •' — y ;  whence  »» :  > » : :  U  V  : 

kl),orr:  V::  ^  BD:  y/  Bl>. 

Now  r  is  the  velocity  which  a  heavy  bo<Iy  would  actnnlly 
acquire  in  falling  lhtoui;h  the  space  B  D :  cousequentl)  \  .  the 
\elocity  of  the  diseharuiiii;  fluid,  is  that  whieb  a  hca\\  bodv 
would  acquire  in  falling  through  k  I),  the  whole  altitude  of  Ihe 
fluid  aho\e  the  uritice. 

4.  In  tbe  same  manner  it  ma\  be  shown 
that  if  a  pipe  be  inserted  horizont.'tllv  ir 
the  vessel  M  N  t)  P  the  plate  of  lluii 
ACB  will  be  discharged  with  the  saiiir 
\elocity  as  befure  (if  its  eeutre  of  pres- 
sure be  of  the  aame  deplh).  wliale\t  r  he 
the  thickness  of  the  pLile:  thi*  velocity 
not  dcprndine  upon  a  continual  aen  le- 
ration   through    Ihe    length   of  ibe    tuf'e, 

M p  otherwise   the   efllueni    l!uid    eould    not 

attain  its  full  velocitv,  until  a  coluinn  bad  been  discharged 
wh«»se  baj«e  is  equal  to  the  orifice,  and  height  eipial  to  the 
leuLMh  of  the  tube;  whereas  we  find  b>  expciience.  that  tlus 
lull  \clocity  can  be  attained  by  tbe  tbiunest  plaP:  which  caa  \m 
let  escape  from  tbe  aperture. 
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6.  Tbe  velocitiei  and  qntotitiet  discharged  at  diSereid 
depths,  are  as  the  sqaan  rooti  of  the  deaths,  i  !  ' :?  i'-i'l 

6.  The  quHutity  nn  owt  In  any  ttoM  is  eqtMl  to  B«*lhidM>« 
or  prism,  wbow  base  it  the  area  of  the  orlAoe,  ami  '■*-  *'*- 


the  heignt  of  the  fluid,  ■  the  area  of  the  aperture, ;  =:  331  Hh 
feet,  or  3S6  inches,  and  I  the  time  of  efflm,  we  ahall  kave,  Jbr 
the  qaantilj  discharged,  Q  =:  at  ^ 2g  A,-~or, 

When  a  and  k  are  expressed  in  feet,  Q  =  8-OQOS  at  ^  h  feet. 

When  a  and  A  are  expressed  in  inches,  Q  =  Z7-7S&I  at  ^  h 

If  the  orifice  is  a  drcle  whose  diametet  ad,  (benO-785S98(f 
tnuat  be  substitnted  for  a ; 

And  when  d  and  A  are  expressed  Id  feet,  Q  =  e'999S3  d  .J  h 
feel. 

WheD  d  and  A  are  expressed  in  inches,  Q  =  31-78S02(f  I*  ^/  A 

And  Trom  either  of  these  it  will  be  easj  to  find  either  a,  t,  or  A, 
wiieo  the  other  three  aaaatiliea  are  ^*eo. 

7.  The  force  with  which  the  eDIaent  water  impinges  against 
any  quicseent  body,  is  profiortional  to  tlie  altitade  of  the  Bold 
above  the  orifice.  For  the  force  is  as  the  velocU;  multiplied 
bj  the  quaDlily  of  matter  ;  bat  the  quantity  discharged,  in  a 
giTCn  time,  is  as  the  velocity  ;  therefore  the  force  is  as  tbe 
square  of  the  velocity ;  that  is,  by  tbe  demonstration  of  tbe 
proposition,  (art.  3.)  as  tbe  height  of  tbe  tloid. 

8.  Tbe  water  aponts  cut  with  the  same  velocity  whether  it  be 
downwards,  or  upwards,  or  sideways  ;  becanse  the  pressure  of 
fluids  Is  the  same,  In  all  directions,  at  the  same  depth. 

9.  When  a  vessel  is  left  to  discharge  itaeirgradoally.thrDngb 
an  oriflce  in  its  bottom,  ifthe  area  of  the  section  parallel  to  the 
bottom  be  every  where  the  same,  the  velocity  of  the  surface  of 
the  fluid,  and  conseqaently  the  velocity  of  the  efilux,  will  be 
uniformly  retarded.  For  (by  prop.  3.)  the  velocity  of  the 
descending  surface  ia  to  the  velocity  at  the  surface,  as  the  area 
of  the  orifice  to  the  area  of  the  surface,  which  ia  a  constant 
ratio ;  coaaequently,  the  velocity  of  the  descending  surface 
varies  as  the  velocity  at  tbe  orifice,  or  as  the  square  root  of  A; 
that  Is,  the  velocity  of  the  descending  surface  varies,  as  the 
square  root  of  the  space  which  it  has  to  describe :  so  that  this 
exactly  corresponds  with  the  case  of  a  body  projected  perpen- 
dicularly upwards,  where  the  velocity  is  as  the  square  root  of 
the  space  to  be  described :  whence,  as  the  retarding  force  is 
constant  in  the  instance  referred  to,  it  must  also  be  constant  in 
the  case  before  ns,  and  the  retardation  nnifonn.''1  From  this 
comparison  we  deduce  the  following  obvious  corollaries.  The 
qnantitics  of  water  in  a  prismatic  vessel,  discharged  through 
an  aperture  in  the  bottom,  decrease  iu  equal  times :  as  the 
aeries  of  odd  numbers  1,  3,  5,  7,  9,  tec,  taken  in  an  inverted 
order.  The  quantity  of  water  contained  iu  an  upright  prismatic 
vessel,  is  half  that  which  would  be  discharged  in  the  time  of 
the  entire  gradual  evacuation  of  the  vessel,  ifthc  water  be  kept 
always  at  the  same  altitude. 

10.  If  upon  the  altitude  of  the  flaid  in  a  vessel,  as  a  diame- 
ter, we  describe  a  semi-cirole,  the  horiiontal  apace  described 
b^  the  Suid  spouting  from  a  vertical  orifice,  at  any  point  in  the 
diameter,  will  be  as  the  ordinate  of  the  circle  drawn  from  that 
point ;  the  horixontal  space  being  measured  on  the  plane  of 
the  bottom  of  the  vessel.  When  the  aperture  is  vertical,  and 
indefinitely  small  (as  supposed  here),  the  fluid  will  spout  out 
borixonlally  with  the  velocity  dae  to  the  altitude  of  Ihe  fluid 
•bove  the  orifice  (by  prop.  3);  and  this  velocity,  combined  with 
the  perpendicniar  velocity  arising  from  the  action  of  gravity, 
will  cause  every  particle,  and  cocsequcDtly  the  whole  jet,  to 
describe  the  curve  of  a  parabola.  Now  Ihe  velocity  with  which 
the  fluid  is  expelled  from  any  . 
hole,  as  G,  is  such  as  if  uni- 
formly  preserved  would  carry  a 
particle  through  a  space  equal 
to  3  B  G,  in  the  time  of  the  fall 
through  BG;  bat,  after  quitting 
the  orifice,  it  describes  the  para- 
bolic curve,  and  arrives  at  the 
horiiontal  plane  C  F  in  the  same 
time  as  a  body  would  fall  freely 


through  G  D ;  so  that  to  find  the  distanca  D  E,  ainee  Ike  tiwt 
anas  tbb'MOti  of  the  ipabet,  ww  hm9  thla  iwyi^  ^  Ql; 

^GDt:aBeiiDJs'°^ffi°aEaH<^ite*»a»=aoi, 

by  the  nature  of  the  circle.  And  the  ■anu  wiU  MAliit 
respect  to  anff.othEir .point  in  BD...  If  ibe  afwrtafmlMallttt 
equal  diataaiies  ts<m  the  top  aod  boUMa  of  liie  vaaMbfkM 
full  of  Buid),  the  horizontal  distances  to  whiob  Um  «Ma3 
spout  from  tiiese  apertures  will  be  equaL  For  wboa  Df =lfl; 
we  shall  have  2VB^.^D  =  2^BG.OD,  &nd  eonw^ri^ 
D£  the  samii  in  both  casea.  When  the  orifice  ia  at  ttn  asM 
bisecting  the  altitude  of  the  fluid  in  tbe  veMel,  IhaMlal 
apoutto  the  greatest  distance  on  the  hori«Qnt*I  pUM;Mi 
that  distance,  if  measured  on  the  plane  of  tbe  bettMirfte 
vessel,  will  be  equal  to  the  depth  of  the  fluid  in  fL  RrlK, 
the  ordinate  from  the  centre  I,  is  the  greatest  wUckcsli 
drawn  in  the  semi-circle,  and  DF,  which  is  =  2IK.toAn= 
2  B  I  =  B  D.  . 

We  have  already  extended  this  article,  tted  tbenfav^iHl 
be  very  brief  In  stating  the  tasnlts  of  the  principal  exptitaMli 
that  illustrate  this  interesting  inquiry.  With  respest  k  te 
quantity  of  lluid  discharged,  Bossnt's  experimeats.  ■■!•■!• 
pccoliar  accuracy,  demand  particular  notioe.  They  an  et 
pressed  in  the  following  table,  wbioh  exfaibita  the  qnuH^ri 
fluid  discharged  through  orifices  pierced  in  thin  ptaMi  h 
measures  of  tbe  Paris  foot  royal,  which  ia  to  tbe  Unriiih  ta. 
as  1066  to  1000. 


Coinunt    AMHi, 

AlMtSn,'  iiT'lVlI 

sS?^^' 

^^•ss 

1 

43m 

3 

6100 

astf 

3 

7589 

4710 

4 

8763 

5 

9787 

6075 

G 

1U732 

«6M 

7 

11593 

71S3 

8 

12392 

9 

13U4 

6l.-)5 

10 

13855 

S574 

It 

14530 

13 

13180 

16797 

9764 

14 

16393 

15 

16068 

10473 

The  following  is  another  set  of  experiments  made  by  At 
same  author  with  different  Apertures  ;  in  which  the  water  vm 
kept  constantly  at  the  altitude  of  eleven  feet,  eight  incliCa,lH 
lines,  from  the  centre  of  each  aperture 

CMcJKf 
rlmnti  M»M»j» 

1.  Horizontal  circular  aperture,  fl  lines  diameter, . .  2311 

2.  Circular  horizontal  aperture,  1  inch  diameter,. ,  9281 

3.  Circular  hoiizoulal  aperture,  3  inch  diameter,..  373(0 

4.  Rectangular  horizonlal  aperture,  1  in.  3  lines,, .  2S33 

5.  Square  horizonlal  aperture,  1  inch iitli7 

6.  Square  horizontal  aperture,  2  inches, 4736) 

Constant  height  of  water  9  feet. 

7.  Lateral  circular  aperture,  6  lines  diameter,.,. .    201) 

8.  Lateral  circular  aperture,  1  inch  diameter, ....    8135 

Constant  height  of  vater  4  feet 

9.  Lateral  circular  aperture,  6  lines  diameter, ..,.     I3i3 

10.  Lateral  circular  aperture,  1  inch  diameter,  .,.,    5i3C 

Constant  height  of  water  7  lines. 

11.  Lateral  and  circular  orifice,  1  inch  diameter,  . .      621 
From  these  experiments  we  may  derive  the  fallowing  dcdw- 

1.  The  quantities  of  fluid  discharged,  in  equal  tines,  frvi" 
different  sized  apertures,  the  altitude  of  the  fluids  bcini  tbt 
same,  are  to  each  other  nearly  as  tbe  areas  of  the  aperture). 
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oMitiUcft  #f  wAlor  dinclMrf^d,  iii'eqiial-Upiettiijr  tb«t 
ture.  mith  difTcrffifi  ^Itit^rt  of  water  io  the  reser- 
0Uiy  aiittie'sqoare  m>^n  of  tlie  icitfrcS|iMdm|c>aUf- 
he  water  iu  the  reiervoh'  above  the  ceotre  of  the 

la  9(«tieral,  Ibe'  k|aaktltlos'  of  •water  cKiioha^ed;  In 
time,  by  diffevent  apcnrtureto,  and  Vfider  unequal  alti- 
le  water  in  the  rtfaerroir,  are  to  each  other  in  a  eom- 

0  of  the  area*  of  the  apertures,  and  the  square  roots 
udes. 

on  arcoont  of  the  friction,  the  smallest  apertures  dis« 
iportionally  less  water  than  those  that  are  laricer  and 
X  figure,  the  water  in  the  raspcctive  resorvoim  being 
e  hei|(ht. 
of  several  apertures  whose  areas  are  equal,  that 

1  the  smallest  circumference  will  discharfce  more 
I  the  other,  the  water  in  the  reservoirs  beinf?  at  the 
ide,  and  this  because  there  is  less  friction.  Henoe, 
pertures  are  most  advaotai^eous,  •#  they  have  less 
■rface  under  the  same  arras.  To  this  wo  can  only 
f  instead  of  the  orifice  htmg  pierced  in  a  plate  of  tin 
iiB  plate,  a  cylindrieal  pipe  or  tnbe  be  msertod  ia 
wliO!»c  len};th  is  from  two  to  four  tivies  the  duyucter 
fice,  then  a  greater  quantity  oC  water  will  be  dis- 
lirough  it  than  tbrouich  the  simple  aperture,  in  an 
tion  of  time,  all  other  eirounuitanccM  ronaininic  the 

quantity  of  the  fluid  discharj^ed,  in  tho  two  ouses, 
ach  other  as  133  to  100  neai b*. 
AR(iEI>,  when  applied  to  a  ship,  signifirs  when  she 
,  or  her  Ntores,  ammunition.  &c.  taken  out.     When 

of  the  ofiicers  or  crew,  it  implies  when  they  are  dis- 
im  immediate  service.  When  spok.cn  of  cannoi^  it 
en  it  is  fired  otf 

AKCiKR,  ur  DiscHARrtiNU  A^n/,  in  Electncity,  is  a 
or  the  purpose  of  discharjrinfr  ajar  or  battery  of 'its 
without  injury  or  pain  to  tho  operator,  iiiflferent 
e  been  pvia  to  this  instrument,  which  are  described 
I  and  other  authors  on  electricity. 
VST,  or  KKB\rF,  is  an  allowance  made  on  a  bill  or 
debt  not  yet  becunie  due,  in  consideration  of  present 

Bankers,  merchants,  &c.  allow  for  discount  a  sum 
!ie  interest  of  the  bill  for  the  time  before  it  becomes 
li  however  is  not  just ;  for  as  the  true  value  of  the 
is  equal  to  the  dilferencc  between  the  debt  and  its 
orth.  it  is  equal  only  to  the  interest  of  that  present 
lead  of  the  interest  on  the  whole  debt.  And  there- 
rule  for  rmdin}(  the  true  discount  is  this:   As  the 

£1  lor  the  f^iven  rate  and  time  is  to  the  gi\en  sum 
>  is  the  interest  of  Cl  fur  the  given  rate  and  time  to 
nt  of  the  debt.  Thus  if  the  interest  or  discount  of 
re  five  per  cent,  then  the  allowance  on  a  bill  of  £I(M> 

found  thus  :  As  *21f.  :  £1(N> :  :  2<if.  :  £4.  lAf.  '2|M. 
ever,  is  not  the  way  in  which  business  is  done ;  for 
1^  often  as  little  to  do  with  business  as  friendship, 
illowin^  is  the  popular  rule,  as  ^iven  in  all  arithmetic 
oKue  in  our  seientilic  sehouls.  Thus  Walkinfcham : 
resent  money  will  discharge  a  debt  of  £1(K>  to  be 
ar  tn  come,  rebate  beini:  made  at  A  per  cent. — Rule. 
ith  the  interest  for  the  time  friven,  is  to  that  interest, 

sum  cixen  to  the  rebate  required.  Subtract  the 
m  the  (riven  sum.  and  the  remainder  will  be  the  pre- 
h  — tsxampfe.  What  is  the  discount  and  present 
*1^'.  V^-  tor  six  months,  at  G  per  cent,  per  annum  f 
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DISCRETE,  t  lliBJUicci  Pgvp^rtmm  u  that  io  which  the 
raliO'lbetweao  two  or  aaurt  pairs  i^fAiivimra.M  the  samei  and 
yol'lbti'prvforlioiiiiii  «i«tt«optt»u«di  so  as,  that  the  ratio  may 
bft  tliO:aani0  bctveeaitboeiNi0equQf4ifif  onApair  and  tha  ante* 
cedentiuf  the  noMt  pair.i.iTkuaiSrQt;  6;  §•  ia  n  difDunct  pro- 
ptrtioo ;  but  3  :d  :  t  1'^:  S-%is«  f(»ntinurdipfwportMMit 

DiscRBTfc  Qiummiitjft  if  KUch  aa  is  ttot  eontinaed  and  joined 
tofccther.  Such,  for  instance,  is  any  number;  for  its  parts, 
beinc  distinct  units,  cannot  bt*  united  into  one  ronitpiwifiN  ;  fur 
in  this  there  are  no  actual  determinate  partA,  as  there  are  in  a 
number  composed  of  several  units. 

D1SGUT1ENT8,  ki  Sury^ery,  arc  external  remedies,  which 
dissolve  or  disperse  a  stagnated  or  eoafrulated  fluid. 

DISGORGE,  in  the  Manoffe,  is  used  for  discussinic  or 
dispersini^  an  inflammation  or  swellinfc :  thus,  if  a  horse's  \e%* 
are  gorged  or  swellcti,  we  say  ho  must  bc^  walked  out  to  diigor^t 
them. 

DISJUNCTIVE  PROPOSITION  Ja  Lof^ie,  u  that  where 
of  several  predicates  wo  affirm  one  aeoesaariJy  to  lielong  to 
the  subject,  li»  the  exclusion  oC.ali  the  mU  hat  leave  that  par- 
ticular one  uMletomiined* 

DISIiOTATION,  thr  potting  a  bone  outpf  joint  by  violence. 

DISMANTLED,  the  stato  of  a  ship  ufiiagKi^,  and  all  her 
stares,  pins,  tu.  taken  #«t  in  readiness  fur  being  laid  up  in 
ordinary.  #r  for  any  othor  purpose^ 

DISMASTED,  the  stale  oC  m  ship <icpri red  of  her  masts, 
whether  by  drsicn  or  acoideol. 

DISMOl  NTKD,  the  sUte  ofa  cannon  taken  off  aoarriage, 
or  when,  by  the  onemy'a  shot,  Che  carriage  is  so  broken  as  that 
the  pin  is  rendered  uamaDafsealdc. 

DISPARTING,  in  Gunnery,  is  setclag  a  mark  upon  the  mua- 
slc  ring,  or  thereabouts,  of  a  piooo  of  •rdna^ee,  so  that  a  siirht 
taken  opon  the  top  of  the  base  ring,  agaiast  the  touch-hole,  by 
the  mark  set  on  or  near  tho  muzxlu,  may  be  parallel  to  the  axis 
of  the  concave  cylinder. 

DISPENSARY,  a  cbaiitablt  institutioa,  common  in  large 
towns  of  Britain.  Disponsariea  htc  supported  by  voluntary 
subscriptions,  and  each  has  one  of  more  physicians,  surgeons, 
and  apothecaries,  who  aAlead,  or  ought  to  attend,  at  stated 
times,  in  order  to  prescribe  for  the  poor,  and,  if  necessary,  to 
visit  thoni  at  their  own  habitations.  The  poor  arc  supplied 
with  medicines  gratis.  Where  these  institutions  are  manai^ed 
with  care,  they  are  of  the  utmost  importaace  to  society,  it  being 
unquestionably  more  for  the  comfort  of  the  sick  to  Ir*  attended 
at  their  own  houses,  than  to  be  taken  from  their  families  to  an 
hospital. 

DISPERSION,  commonly  lignifies  the  scattering  or  dissi- 
pating the  parts  of  any  body  ;  aad  hence,  in  Optics,  it  denotes 
the  same  as  divergency. 

Poini  of  DisPRUsioN,  in  Dioptrics,  the  pNoint  from  which  the 
refracted  rays  begin  to  diverge  when  their  refraction  renders 
them  divergent. 

DisPF.RsioN  of  Liffht,  in  Optics,  denotes  the  enlargement  of 
a,  pencil  or  beam  of  light,  which  is  produced  by  its  passage 
from,  one  medium  to  another;  and  this  enlargement  arises 
from  the  nature  of  the  medium. 

DISSEISIN,  in  Law,  is  the  wrongful  putting  out  of  one 
seised  of  the  freehold,  which  may  be  effected  cither  in  corpo- 
real inheritances  or  incorporeal.  Disseisin  of  things  rorporcal. 
as  of  bouses  and  lands,  must  be  by  entry  and  actual  disposses- 
sion of  the  freehold.  Disseisin  of  incorporeal  hereditaments, 
cannot  be  an  actual  dispossession,  for  the  subject  is  neither 
capable  of  actual  bodily  p«»ssesKiun  nor  dispossession,  but  is 
only  at  the  election  and  choice  of  the  party  injured,  if,  for  the 
sake  of  more  easily  tr}'ing  the  right,  he  is  pleased  to  suppose 
himself  disseised.  And  so  in  corporeal  hereditaments,  a  man 
may  frequently  suppose  himself  to  be  disscihed,  when  he  i^  not 
in  fact,  for  the  sake  of  entitling  himself  to  the  more  easy  remedy 
of  an  assise  of  novel  disseisin,  instead  of  the  process  of  a  writ 
of  entry. 

DISSENTERS,  in  Thurrh  History,  a  numerous  l*ody  of  peo- 
pic  in  this  country,  who  made  their  Hrst  a|ypearance  in  Queen 
Elizabeth's  time,  when,  on  account  of  the  extraordinary  purity 
which  they  proposed  in  reliffious  worship  and  conduct,  they  were 
reproached  with  the  name  of  Puritans.  Tlic>  iiicteased  in 
numbers  by  the  act  of  unifurmit),  Hhich  took  place  on  Uartbo* 
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lomew'i  day  689,  id  the  reign  of  Charles  II.  By  this  art, 
3000  mioisteri  of  the  establishmeot,  refosing  to  conform  to  cer- 
tain oonditionB,  were  obliged  to  qait  their  liYinn,  and  benoe 
aroee  the  name  of  Non-conformists.  The  desoendanU  of  these 
are  known  by  the  name  of  Protestant  Dissenters :  and  may  be 
considered,  in  general,  as  divided  into  the  denominations  of 
Presbyterians,  Independents,  and  Baptists. 

DISSIPATION,  m  Physics,  an  insensible  loss  or  consnmp* 
tion  of  the  minute  parts  of  a  body,  or  that  agency  whereby  they 
fly  off  and  are  lost 

CtrcU  of  Dissipation,  in  Optics,  denotes  the  drcolar  space 
opon  the  retina,  which  is  taken  up  by  one  of  the  extreme 
pencils  of  rays  issuing  from  any  object. 

Radius  of  Dissipation,  is  the  radius  of  the  circle  of  dissi- 
pation. 

DISSOLVENT,  any  thing  Bhich  dissolves. 

DISSOLUTION,  the  separation  of  a  body  into  its  most 
minute  parts. 

DISTANCE,  in  Astronomy,  the  space  between  the  son  and 
any  of  the  planets,  &c.  as  shewn  in  the  following  table  of  the 
real  and  proportional  distances  of  the  several  planets. 


Proprtrtional 
Mean  Disc. 


Real 
Mmb  Dist. 


Mercury, *38709ei 36 

Venus, -72.33033 

Earth, 1*0000000 

Mars, 1523G935 

Vesta, 2*2373000 

Juno, 2*0671630 

Ceres, 2*7674060 

Pallas, 2-7675020 

Jupiter, 5-2027911 

Saturn 9*5387705 


68 
93 
142 
221 
248 
267 
257 
485 
890 


y 


Millions  of  Miles 
from  the  Sun. 


Uranus, 19*1833050 1800J 

Distance  of  the  Fixed  Start  from  the  Earth  or  Sun,  has 
never  yet  been  determined ;  we  only  know  it  is  so  great,  that 
the  whole  diameter  of  the  earth's  orbit,  which  is  near  two  hun- 
dred million  miles,  is  but  as  a  point  compared  with  their  dis- 
tance, and  therefore  ^orms  no  sensible  measure  whereby  it 
may  be  estimated.  ^ 

Distance  of  the  Svn  from  the  Moon's  Node  or  Apogee,  is 
an  arch  of  the  ecliptic  intercepted  between  the  sun's  true  place 
and  the  moon's  node  or  apogee. 

Accessible  Distances,  are  such  as  may  be  measured  by  the 
application  of  any  lineal  measure.  Inaccessible  Distances,  are 
those  which  cannot  be  measured  by  the  application  of  any 
lineal  measure,  but  by  means  of  angles  and  trigonometrical 
rules  and  formulae.    See  Accessible. 

The  distance  of  objects  may  also  be  ascertained  by  means  of 
sound ;  for  as  this  has  been  found,  by  experiment,  to  travel  at 
the  rate  of  about  1142  feet  per  second,  if  the  time  which  elapses 
between  the  firing  of  a  gun  and  the  report  of  the  same  be  duly 
observed,  the  distance  in  feet  will  be  found  by  multiplying  the 
number  of  seconds  by  1142;  and  in  this  way  we  may  estimate 
the  distance  of  a  thunder  cloud,  by  the  number  of  seconds 
being  observed  that  elapses  between  the  flash  of  lightning,  and 
the  clap  of  thunder  by  which  it  is  succeeded.    Sea  Acoustics. 

Apparent  Distance,  in  Optics,  is  that  distance  at  which  we 
judge  an  object  to  be  placed  wbeo  seen  afar  off,  and  which  is 
usually  very  diflferent  from  the  true  distance,  because  wu  are 
apt  to  think  that  all  very  remote  objects  whose  parts  cannot 
well  be  distinguished,  and  which  have  no  other  object  in  view 
near  them,  are  at  the  same  distance  from  us,  though  perhaps 
one  of  them  is  thousands  of  miles  nearer  than  the  otlier,  as  is 
the  case  with  the  sun,  moon,  and  plaoets. 

The  most  universal,  and  frequently  the  most  sure  means  of 
judpng  of  the  distance  of  objects,  is  the  angle  made  by  the 
optic  axis.  For  our  two  eyes  are  like  two  different  stations, 
by  the  assistance  of  which  distances  are  taken;,  and  this  is  the 
reason  why  those  persons  who  are  blind  of  one  eye  so  fre- 
quently miss  their  mark  in  pouring  liquor  in  a  glass,  snuffing  a 
candle,  and  such  other  actions  as  require  that  the  distance  be 
exactly  distinguished.  To  convince  ourselves  of  the  usefulness 
of  this  method  of  judging  of  the  distance  of  objects,  we  have 
only  to  suspend  a  ring  in  a  thread,  so  that  its  side  may  be 


towards  us,  and  the  hole  in  it  to  the  right  and  left  kaiid ;  and 
taking  a  small  rod,  crooked  at  the  end,  retire  flrooi  the  tin^ 
two  or  three  paces,  and  having  with  one  hand  cerered  one  of 
onr  eyes,  to  endeavoar  with  the  other  to  pase  theenK»ked  end 
of  the  rod  through  the  ring.  This  appears  very  easy,  and  yet 
upon  trial,  perhaps  onee  in  100  tioMS  we  ikatt  not  eveeeed, 
especially  if  we  more  the  rod  a  little  qelckly.  By  persons 
recolleoting  the  time  when  they  benfsn  to  he  tnhjeot  to  tne  nds- 
takes  above  mentioned,  they  may  tell  when  it  was  that  they  lost 
the  use  of  one  of  their  eyes,  which  many  persons  are  Imig  igno^^ 
rant  of,  and  which  may  be  a  olrcamstance  of  some  oeBseouence 
to  a  surgeon.  The  use  of  this  second  method  of  jodging  ef 
distances,  De  Ghales  limits  to  \S0  feet,  beyond  wlddi,  he 
says,  we  are  not  sensible  of  any  difference  in  the  angle  of  the 
optic  axis. 

A  third  method  of  judging  of  the  distanee  of  objeeta  consists 
in  their  apparent  magnitudes.  From  this  change  in  the  mag- 
nitude of  the  image  npon  the  retina,  we  easily  Judge  of  lt« 
distance  of  obiects,  as  often  as  we  are  otherwise  acqoalnted 
with  the  magnitude  of  the  objects  themselves ;  but  as  often  u 
we  are  igncnBnt  of  the  real  magnitude  of  bodies,  we  can  never, 
from  their  apparent  magnitude,  form  any  judgment  of  thefr 
distance. 

From  this  we  may  see  why  we  are  so  frequently  deceived  is 
our  estimates  of  distance,  by  any  extraordinary  mngnitodes  of 
objects  seen  at  the  end  of  it,  as  in  travelling  towards  a  laige 
city,  or  a  castle,  or  a  cathedral  chnroh,  or  a  moontain  largfr 
than  ordinary,  we  fancy  them  to  be  nearer  than  we  find  then 
to  be.    This  also  is  the  reason  why  animals,  and  all  small 
objeets  seen  in  valleys  contignoos  to  large  mountains,  appear 
exceedingly  small.    For  we  think  the  mountain  nearer  to  «i 
than  if  tt  were  smaller,  and  we  should  be  surprised  at  tbt 
smallness  of  the  neighbouring  animals,  if  we  tbonght  then 
farther  off.    For  the  same  reason  we  think  them  exceedlnglr 
small  when  they  are  placed  on  the  top  of  a  moontain,  or  a 
large  building,  which  appears  nearer  to  ns  than  it  really  is,  oo 
aecount  of  its  extraordinary  sine. 

Our  imagining  objects,  vvhen  seen  tnm  a  high  bnilding,  to 
be  smaller  than  they  are,  and  smaller  than  we  fancy  them  to  be 
when  we  view  them  at  the  same  distanee  on  level  groond  n 
because  we  have  no  distinct  idea  of  distance  in  that  direetiM. 
and  therefore  judge  of  the  things  by  their  pictures  npon  theeje 
only,  but  custom  will  enable  us  to  judge  rightly  even  In  tkb 
case.  Let  a  boy  who  has  ncTer  been  upon  a  high  building,  ire 
to  the  top  of  the  Monument,  and  look  down  into  the  street ;  the 
objects  seen  there,  as  men  and  horses,  will  appear  so  small  as 
greatly  to  surprise  him.  But  ten  or  twenty  years  after,  if  it 
tbe  mean  time  be  has  used  himself  now  and  then  to  look  dowi 
from  that  and  other  great  heights,  he  will  no  longer  flod  the 
same  objects  to  appear  so  small.  The  finest  sight  of  tkis 
nature  is  from  a  balloDn.  See  Aerostatiok.  We  have  had  a 
very  fine  sis^ht  ourselves  of  this  nature,  in  surveying  fyom  tbe 
lofty  spire  of  St.  Denis,  in  France,  a  large  army  in  tbe  phiis 
between  that  cathedral  and  Paris.  And  if  a  person  were 
to  view  the  same  objects  from  such  heights  as  freqnentlj  u 
he  sees  them  upon  the  same  level  with  himself  in  the  streets, 
they  would  appear  to  him  just  of  the  same  magnitude  DrMS 
the  top  of  the  Monument  as  they  do  from  a  window  one  story 
high.  For  this  reason  it  is,  that  statues  placed  upon  very  hixli 
buildings  ought  to  be  made  of  a  larger  Bite  than  those  wbieh 
are  seen  at  a  nearer  distance,  because  all  persons,  except 
architects,  are  apt  to  imagine  the  height  of  such  buildlogi  te 
be  much  less  than  it  really  is. 

The  fourth  method  by  which  we  judge  of  the  distance  of 
objects,  is  the  force  with  which  their  colour  strikes  upon  our 
e>es.  For  if  we  be  assured  that  two  objects  are  of  a  similar 
and  like  colour,  and  that  one  appears  more  bright  and  liiely 
than  the  other,  we  judge  that  tbe  brighter  object  is  the  nearer 
of  the  two. 

The  fifth  method  consists  in  the  different  appearance  of  tbe 
small  parts  of  objects.  When  these  parts  appear  distinct,  we 
judge  that  the  object  is  near ;  but  when  they  appear  con- 
fused, or  when  they  do  not  appear  at  all,  we  judge  that  it  is  at 
a  greater  distance.  For  the  image  of  any  object,  or  part  of  an 
object,  diminishes  as  its  distance  from  our  eye  increases. 

The  sixth  and  last  method  by  which  we  judge  of  tho  distaaos 
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I  M,  Ihal  tb<t  Cfc  dot!  not  rcprcicot  to  our  mind  one 
IDC,  but  ul  Uis  lumc  time  kll  thouL-  lliM  fttc  jiloceil 
U  unci  the  priiMiipKl  otiject.  whoae  dinIanGeue  nri: 
■Ki  Mill  Uio  ntorv  Ihii  djiLance  is  di\idDil  into  «e|ia- 
diitiiivl  pari*,  ibc  (Cfcotcr  i(  appean  tu  be.  For  ibis 
iitaaces  upun  uneven  mirfaeei  appear  leii  (ban  upon 
bti  till'  iuoquatitics  at  the  lurfaei',  vuch  ax  bills,  ami 
I  riven,  that  lie  low  and  out  of  iiit;bt,  rithcr  du  nut 
ir  hiniJvr  Ihc  parts  tlial  lie  buhititl  iIil'iii  truni  appcir- 
•o  ibc  Htiulc  apparent  diiilauce  ii  iliiiiiiiikhcd  by  the 
1  ilu  not  appear  in  iL  Thii  is  Ibe  rrnson  ttiat  the 
a  river  appi-ar  cvutiicuouj  tu  a  distant  eve,  wlien  Ibc 
iw  anil  nut  seen,  lluw  much  natrowcr  does  a  river 
bjevi  lo  ifao  iiiUueuce  of  the  tide  appear  at  low  water. 
D  its  bowiin  is  proudly  swi-Ui'il  at  tiiicb  water  mark ! 
icrbupi  tlio  actual  breadth  at  both  timcf   docs  nut 

(Ct. 

it:i.  in  Nnvi|[atiun,  it  the  number  or  mile*  or  Icafuei 
p  has  suilcd  from  one  point  lo  another. 

UiKTiMc,  iu  I'l-rspeeiire,  is  a  rifclit  line  drawn  frirni 
I  the  principal  puiiil  vf  the  plane.  Paint  of  UiSTjiscr. 
ictivc.  \i  tliul  point  in  llie  hurimntal  line  whicb  ii  at 

distance  riuin  the  principal  point  as  the  eye  is  from 


,  is  a  line  drnun 


,NCE  or  THK  E^r,  In  Penpeclii 

eye  in  the  prinripul  puinL 

* "  ■   -■  n  n»cd  for  the  working  np 


IMPEH.  in  Paintini;.  a 

1  with  soincihini;  be.tidi-s  water  or  oil.  If  the  coli 
red  <*  iih  water,  that  kind  uf  puintint;  is  called  linininit ; 
Ih  oil.  it  is  callrd  paintrnfi  in  oil,  and  simply  paintinir. 
ours  nre  niixrd  h  jih  any  clutianus  or  uooIuoum  matter 
Toil,  it  is  suid  to  be  dune  in  distemper,  lu  this  man- 
irlwms  at  Windsor  an-  painted. 

CH.  a  riiupk't  of  vcriies  making  a  complete  sense, 
■meter  and  pentameter  verses  arc  dirposrd  in  distich.i. 
LLVTION.  I  udtr  the  article  Chkhistrt,  we  ei- 
bat  (liitillin);  uieuns,  iind  buw  it  is  perfornied ;  the 
'  the  present  articlr  is  ciHilinetl  to  the  nakinx  of  ardent 
'alcuhiil,— tbe  distillation  vfKuciltcluuginK  In  aoot  her 
ir  work. 

tsly  to  Ibc  operation  uf  distilling,  those  of  brewine 
ntatiuit  are  nei'rs!>ary  :  tl>i'  liijuid  uusl  be  brouichl 
tate  of  Mine,  or  bet-r,  (wbicb  is  the  kIob  of  Krain.) 
have  b< eii  suKifcMed,  and  we  believe  earrii-d  into prac- 
reduriut:  the  lireuinK  and  fermentation  lo  a  single 
,  by  wbieb,  it  is  said,  the  spirit  is  inoeh  inipiovcd  in 
la  well  us  augmented  ia  <[iinotilv.  The  practice,  we 
nrd,  is  as  follows:— 

huiHlri-d  pounds  of  malt,  reduced  to  Hne  neal,  are 
irti  p<miidi  of  uhrHi  meat ;  twenty  icallons  of  walet 
idded  )iy  detcri-rN.niixinx  the  whole  Binss  tlioroiiKhiT  : 
ns  tuori'  »f  H  liter,  luuilc  iKtilinfc  b«t,  are  tb>-n  pouri-it 
mats,  and  the  whole  well  stirred  t<>);cther.  It  is  tben 
It  itunil  for  two  Lours,  aftemarils  stirred  aKol"-  "nd 
wn  euld,  a  jHiuiid  or  more  uf  solid  yeast  is  tiiMcil, 
»ll»w<-J  lo  MiiuJ  lii"silj  envired  iu  ratberawaim 
eiment, 

don,  and  its  iu-ieblHiurhni>rf,  we  undenland  the  pro- 
HmiuK  thi-  wuxh  for  diMillatiun  is  the  same  as  in 
Tor  beer,  witli  the   rix-i-piiiiu  of  ilie  aitdilion   of  the 

that  Instead  of  l>i>iliii£  iIki  wort,  they  pump  it  into 
Bd  aflt-rwards  druw  ii  iiil.i  biieks.  tn  he  then  ferminteil 
t,  Duiiii^-  till- 1(  run  iiiaiiini,  purticiilnr  ntlrntiiin  mu«l 
o  tlie  iciiiiiiriii.irr  of  ihi-  liipiid :  if  it  exceeds  77- 
it.  till'  rvniii'iitiition  Hill  be  tuo  rapid;  if  below  n>°,th« 
Ilia  will  I'enr.  Tlie  uiran  betwern  tliese  is  eonsi- 
uiii"!  f;iv.iiir;i!.lr,  :iiiit  the  fernicntalioo  must  be  eon- 
:il  tiiL'  li.fii.ir  ui'xi'liii'-  :iiid  punsmt  to  the  tasle.  but 
lit "'  til  [MTmit  i)ii-  .iifloiiv  frrmenlaiinn  to  cimimrnee. 
lie  ilir  wii.li  M  jpiit  iiiKi  ihe  slill,  of  whii'b  il  should 
M«ut  three- f'lurlhi.  ;iitd  distilled  with  a  Kentb'lirr.  us 
<y  spiiit  ronirs  uwi,  wliieb  ts  ft'ncrally  until  about 
ash  i*  run >u tiled. 

m  i>r  tbe  eoiuinnn  ulill  If  Ino  well  known  to  need  any 
■  rfpscrtplion ;  il  Kciierally  ronsisls  of  a  larfce  boiler 
cuppir,  iiiid  fixed  in  masonry  over  a  fircplacej  tba 


I  (til  lid  »i 


D I «  sn 

boiler  has  a  head,  ur  capital  ni  il  ii  railed,  whirh  is  cf  a  (tt-iliu- 
lar  form,  towhioh  is  salderod  a  neck,  which  foniiuK  a  complete 
areli,  curves  downward,  and  fiU  into  what  is  called  the  worm. 
The  worn  ii  a  Ionic  tube,  made  xenerally  of  pewter,  of  a 
Rradually  decroajing  diameter,  and  is  eurled  round  into  a 
spiral  form  ;  it  ia  encloacd  in  a  tub,  which  is  kept  Hlled  with 
cold  water  duiin;;  distillalion. 

Tlie  Ilutrb  method  of  makioK  Uencva  is  said  to  be  as  fol- 
lows:—" One  hundred  weight  of  mall  from  barley,  and  two 
hundred  weight  of  rvc  meal,  are  niashrd.  wiih  four  humln-d  iiiid 
si\tv  ealtuns  of  water,  bcated  to  lf?J"  Fahrenheit.  U  lien  the 
iiifiisiun  has  been  cnulinued  a  suflicieut  time,  eold  water  i* 
iidiird  iinlil  the  wort  is  ei)ui(alent  to  nbuut  fiiriy-tivc  pounds  of 
snccliariiie  nintier  pt-r  barrel  ;  it  is  then  drawn  ulT  into  a  bark 
■if  live  hnmlred  Kultmis'  eiipacity,  al  the  leiuperalute  of  Mf', 
with  hall'  a  n^ilIon  uf  yeast.  The  fermentation  inuuediitrly 
cntnim-iii-es.  and  is  fcetierdlly  finished  in  nbuut  two  days,  when 
proper  allciiiioti  is  piitd  to  the  tempernture  til  the  place,  1'hr 
wash  is  tlii-n  put  into  tbe  still,  reduced  to  abnot  bfteen  pounds 
of  succhaiiiio  mnlter  per  barrel,  aloiiK  with  Ihe  grains,  and 
receives  three  dislillatiuos,  a  few  juniper  berries,  and  a  aiiuill 
■(uantiiy  of  bops,  bcini;  iulroduced  to  communicatr  the  flavour 

The  S))lrils  of  the  first  distillnUon  is  nsnnlly  called  W  a-inrs  : 
the  re-dt«tillalion  of  the  fnie  winri.  or  tloublinit,  prnduees  at  fir»t 
a  fiery  spirit,  milky  and  ertide.  (wbicb  is  returned  into  the  low 
wiiies)  1  after  this  tbe  spirit  lluwa  perfectly  elear  and  bricht; 
ncvertbek'SB,  tainted  a  little  Hitli  empjreuina,  t< 
whicb  it  leaerally  undereocs  another  distillation  ri 
cation,  nt  which  time  flavniiriu!;  innrcdirnts  nre  added,  tu 
imitate  the  foreign  spirits,  such  as  run>,  brandy,  bolliinds,  |cin. 
&c.  and  likewise  to  form  the  compound  spirits,  vailed  cara- 
way, peupermiol.  cinnamon,  elorcs.  aniseed,  &e. 

The  tiavour  of  malt  spirit  is  suid  lo  be  mni-h  improced.  hy 
puiiiiii;  four  ounees  uf  lincly'-powd erect  charcoal,  ao'l  four 
ounces  uf  ground  rire.  into  a  quart  nf  spirits,  nnd  letting  it 
stand  for  a  fortnight,  frctjuently  stirring  II ;  upon  being  then 
strained,  it  will  be  fonnd  to  rcserablc  very  closely  the  llavour 
of  brandy-  It  has  been  frequently  proved,  that  Ihe  niuriate  of 
soda  (or  common  salt)  thrown  into  i^c  still  in  the  propurlion  of 
about  half  an  ounce  lo  every  gsllon.  will  malerinlly  inipiovc 
the  taste  and  strength  of  thu  spirit ;  the  viscid  mailer  being 
fiaet)  by  the  salt,  allows  the  volatile  parts  tn  ascend  in  greater 
purilr.  Some  timesinrc,  a  distiller  at  Copenhagen  published 
an  aceonnt  of  hi*  hating  several  times  ditlilled  brandy  und 
gin  from  wheat  steeped  in  sail  water,  hy  which  lie  unifuiiiily 
uhtained  nearly  one.funrlecnth  more  of  spirit,  than  when  be 
distilled  from  an  equal  qvautity  of  wheat,  whirl)  hud  not  under- 
gune  thi.t  process. 

It  is  said  to  lie  the  nraetice  of  the  distillers  in  .<i'iilland,  &c. 
lo  uie  one  pari  of  malted  grain,  with  from  four  tu  nine  part*  of 
raw  jfralii ;  rye  is  suid  lo  produce  more  spirit  than  wheat,  ami 
whi-at  more  spirit  than  barley. 

Winter's  OittUtm^  AppurmttiM,  ckhilillcd  iu  Ihe  onneurd 
figures,  is  constructed  on  the  principle  of  condensing  tlie 
aqueous  portion  of  Ihe  miscd  liquor  previously  lo  ils  passing 
into  the  stilt.  A.  in  this  seeiiunul 
view,  is  a  tube  by  which  the  va. 
pours  enler  frnni  the  still  into  It 
the  reei-iier.  T  is  a  cuniial  pintr. 
II  the  ehirf  vapour  tube,  whi.h 
being  cbisi-d  III  Ibc  top.  the  (u- 
pours  deseeiid  bv  the  smuM  lul.es 
R,  into  the  chnn'.ber  V.  The  ap- 
paratus Is  isohitrd  in  water  uf 
ITit"  temperntuie.  euntiiiird  in 
the  tub  or  bath  T.  und  as  the 
vapours  contalnnl  in  the  lulus 
■re  by  this  nirangeiiieni  separated 
intosmqil  portions,  a  lapid  cun- 
d>-n>alii'n  takes  plare.  A  nnin- 
I  biTofeireiilar  lubes  as  at  II. are 
fixed  inihe  plate  which  covers  the  n-ceiverB,  with  their  upper 
euds  a  little  above  the  surface-  These  carry  off  the  condensed 
liquor  inio  the  receiver  II-  The  vspour,  now  improved  in  iis 
■pirii,  Is  collcclcd  ia  Ihe  ehanbcr  F,  and  passes  by  the  tube  I 
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iato  tlw  a«MBd..Rc«inv  Ki-  Tb«  top  |dftte  ufAto  _M>«ii"«i 
TeMiTflrM.  M  weH  «■'  ibe  bMtom  |ilMe  of  tks  tWrd rtceiin  N, 
have  numerom  kpe>tvu»«f  aoneeilric  dnilMasM  LL,  in  tbe 
followinf  figure,  Into  each  of  wkich  ftra  fiUed  Mo  . copper 
cjlin^eTH.  one  nitUn  tbe  othn,  iDd  onljr  Bbcmt «  qaaiter  of  bd 
fncb  aptrt.  And  u  thtve  ure  four  Hob  spvtaiea,  there  arc 
WMuequenll;  eight  pairs  of  RpertiiTea. 


D  t  T 

■tiltf.'  &<htlH  bodfkrtke  adit 
B  ii  a  water  bath.  Into  «Ueh 
lhBbadprftb»tniia4B>ne»«d: 

ibft.'aMlc.afiitba  ttmei 


Into  each  of  these  aonnlar  ^ertares  L,L,  are  fixed  two 
copper  cylioderi,  oae  within  tbe  other,  and  only  about  a  qaar- 
ter  of  an  iuch  apart ;  and  as  there  are  four  such  apertures, 
there  are  conseqaentlj  eicht  cjUuderi  or  four  pairs  in  the 
apparatus,  which  are  eshibited  in  seetiou  in  the  first  engraving 
at  M.  H.  O,  O  are  tubes  which  pass  through  tbe  receiver  K,  to 
convey  water  between  the  cylinders  :  similar  tabes  are  passed 
through  the  receiver  N,  by  which  means  the  water  is  diffused 
over  eveiY  part  of  the  extended  sarfaee  of  tbe  apparatus, 
effecting  thereby  almost  as  rapid  a  condensation  of  the  aqueons 
portion  of  tbe  vapour,  as  if  the  water  were  in  aetnal  contact 
with  it-  The  vapours  passing  from  the  lower  receiver  K, 
ascend,  as  before  mentioned,  tbrongh  the  narrow  spaces  between 
the  cylinders  into  tbe  upper  receiver  N,  in  a  high  state  of  purity 
and  strength ;  from  this  last  hold  it  proceeds  into  the  worm  by 
tbe  tnbe  P,  where  itis  instantly  condensed  by  the  refrigerating 
effect  of  the  cold  water  with  which  this  part  of  a  distillatory 
apparatns  is  always  surronndrd. 

It  is,  perhaps,  not  anneeessary  to  repeat,  that  Ibe  water  con- 
tained in  the  second  bath  T,  shewn  in  section,  is  heated  to  140^ 
(or  less,  as  the  spirit  may  be  required.)  that  being  a  degree  of 
temperatare  to  which  the  vaponr  of  water,  as  well  as  those  from 


tbe  empyrenma  tic  oils,  cannot  exist    Tbe  spirit  is  thus  sepa- .       DISTRESS,  in  Law,  is  the  taking  of  a  personal  chattel,eil 
rated  effectually, and  withont  any  difficulty, fromtheleast  taint     of  tbe  possession  of  the  wrong  doer,  into  the  custody  of  Ike 

person  who  is  injured,  to  procure  a  satisfaction  for  the  wrong 
committed.  It  is  of  two  kinds ;  cattle  for  trespassing  sad 
doing  damage,  or  for  the  non-payment  of  rent  or  other  dotisi 
But  tbe  most  usnal  injni?  for  which  a  distress  may  be  takea, 


__    d  effectually,  and  withont  any  difficulty,  

of  empyreuma,  with  which  British  spirits  are  in  general  more 
or  less  contaminated. 

It  wilt  be  observed,  that  this  second  receiver  is  of  a  peculiar 
construction,  and  being  kept  at  a  temperatnre  of  140°,  the 
whole  of  the  weaker  vapour  is  tbereio  reduced  into  a  liquid 
state,  while  the  strong  spiritnons  vapour,  ascendiog  uone 
through  ceriaiu  very  narrow  spaces,  contained  between  the 
circuitous  cylinders,  into  the  deeper  part  of  the  apparatus,  is 
thence  collected  into  a  third  receiver  previaustyto  its  passinj; 
into  the  worm.  The  worm  is  snrronnded  as  usnal  with  cold 
water,  whose  powerful  refrigerating  effects  upon  the  strong 
spiritoous  vapour  with  which  it  is  charged,  causes  it  rapidly  to 
pass  info  a  fluid  state.  In  this  still  the  spirit  might  be  rectifierl 
or  Savoured,  by  allowing  the  vapours  to  pass  through  the 
necessary  ingredients  as  they  pass  on  to  the  worm.  We  need 
not  speculate  on  the  adtanlaxes''of  this" apparatus,  which  is 
manufactured  by  Messrs.  Ponilfex,  Sons,  and  Co.  London. 

UiSTiLLATios  h^  a  loiD  htat,  in  clot^vtiteU.  Those  who  are 
acqaaioted  with  tne  common  method  of  distilling,  know  that  a 
very  nnpleasant  Savour  accompanies  all  distilled  products, 
occasioned  hy  the  matter  in  the  still  being  overheated,  or 
burned.  The  late  James  Watt  ascertained,  that  liquids  boiled 
at  a  very  low  temperature  in  vacuo,  or  by  emptying  the  appa- 
ratus of  atmospheric  air;  and  Mr.  Tretlon,  of  Wbitedjapel, 
London,  ini^cniausly  applied  this  fact  to  distillation,  and  coo- 
■tructed  the  annexed  apparatns,  wherein  the  body  of  the  still 
i*  aeen  as  immersed  in  a  water  bath,  which  renders  it  impossi- 
ble to  overheat  or  bum  the  liquid,  or  communicate  the  disagtee- 
•ble  empyrenmatic  Bavour  to  spirit,  as  is  done  by  the  common 


ed  wMia'pipa  tbaAnoMa  tbe 
MMdeBsingi'MaMl  ■:  P  to  a 
refrigeratory,  or  done  vessel, 
oontaining  oold  watnr.  for  o 


vapour  n^-  ^ — --,  -  .  - 

lurronnded  with  cold  water  contained  in  tbe  veaael  H,  acta 
slso  as  a  refrigeratory,  and  rednoea  Ibewhole  «f  tbe  remaisiag 
vapour  into  a  liquid  state.  1  is  an  air-pump  for  eiieetinsa 
raonum  in  the  vessels  AEG.  K  is  a  atop-oock  for  cattiDf  oC 
the  oommnnication  between  the  vessels  B  and  O,  when  tbe 
contents  of  G  are  drawn  off  by  the  cook  M,  by  which  meaBi  a 
vacuum  is  preserved,  during  that  operalion  in  the  vessel  B 
and  tbe  still  A ;  L  is  an  air-cock,  to  admit  air  into  veaael  6,  to 
aUow  the  contents  to  run  out  at  M ;  N  is  a  discharge-oodt  to 
the  still  A. 

The  pressure  of  the  atmosphere  being  removed  from  the 
surface  of  the  liquid  by  the  air-pomp,  the  dislillatioD  is  effected 
at  a  temperature  of  133°  in  place  of  212^,  and  of  oowae  fron 
the  regular  application  of  so  low  a  d^grea  of  beat,  an  ame^e 
flavour  is  secured  to  tbe  distilled  product.  Moreover,  uoes  lbs 
distillation  being  confined  throughout  tbe  operation  to  close 
vessels,  the  common  loss  by  evaporation  at  tbe  end  uf  tbe  wwb 
is  avoided,  and  an  inercase  of  product  is  obtained. 

DISTINCT  Bjisg,  in  Optics,  is  the  same  with  what  U  otbe^ 
wise  called  the  focus. 

DISTINCTION,  in  Iiogic,  is  an  assemblage  of  two  or  non 
words,  whereby  disparate  things,  or  their  conoepliou,  a» 
denoted.  There  are  three  kinds  of  distinctions,  taken  from  Iks 
three  different  modes  of  e&istence,  real,  modal,  and  ratioail. 
Tbe  first  is  that  between  two  substances,  or  the  modes  of  tws 
substances.  The  second  is  that  between  several  things,  <M 
whereof  may  exist  without  the  other,  hut  not  t'  *     "' 


third  is  that  between  several  things  which  are  really  one  and 
the  same,  and  whereof  one  cannot  exist  withont  tbe  other;  ta, 
vice  versft,  the  other  without  this;  such  ii  that  between  a  thiig 
and  its  essence,  between  the  essences  and  properties,  be. 


is  that  of  non-payment  of  rent. 

DISTRINGAS,  in  Law,  a  writ  commanding  the  sheriff,  «r 
other  officer,  that  he  distrain  a  person  for  debt  to  tbe  king,  fcc 
or  for  his  appearance  at  a  certain  day.  There  is  a  great  dim- 
sity  of  this  writ, 

DITTON,  Humphrey,  a  mathematician  of  the  seventeeatk 
century,  born  at  Salisbury,  May  29, 1675,  was  author  of  seveisl 
triicti  which  were  published  in  tbe  Philosophical  Traosaotioas. 

DIVERGENT,  tending  to  various  parts  from  one  pmnt; 
thus  we  say,  diverging  lines,  rays,  &c,  meaning  those  lines  oi 
rays  which  issuing  from  one  common  point,  go  off  from  that 
point  in  various  directions.   - 

DIVERGING  Series,  in  Analysis,  are  those  series,  tbe  (eras 
of  which  increase  more  and  more,  the  farther  they  are  continued. 
-DIVERSITY,  in  Painting,  consists  in  giving  every  part  w 
figure  in  a  piece  its  proper  air  and  attitude. 

DIVIDEND  OF  Stocks,  is  a  share  or  pruportioii  of  4« 
Interest  of  stocks  erected  on  public  funds,  as  the  South  Sea, 
&c  divided  among,  and  paid  to,  tbe  proprietors  half  yearly. 

DIVIDEND,  in  Arithmetic,  is  that  number  which  is  In  b« 
divided  by  some  other  number  called  the  divisor. 

DIVING,  the  art  of  descending  under  water  tn  conaideraUt 
depths,  and  remaining  there  for  Some  lime  in  order  to  recover 
things  which  have  been  sunk,  as  alio  for  the  pnrposa  of  btinff* 
ing  up  corals,  pearls,  sponge,  &o. 


D  I  V 


DICTIONARY  OP   MIOffANICAL'SOIBKCB. 


D  I  T 


I  Arf/y  ftnapptratot  iied  for  the  pnrpOBe  of  diving. 


-  • , 


bvre  been  varimii  onginet  contri?ed  to  iteader  the 
dTcliTtng  safdaad  eaty  :  i\f^  great  DoiBi,  is  to  furnish 
fresh:  air,  without  which  tttffiMt  either  Drake  hut 


iaehee  s^nMv  OMUng  In  all  80  'hooka,  coatainlnfr  each  26 
JAfes.    The  aaetift  ia  coateqneDlly  reduced  to  the  Hiiancss  of 


itayor  |MrtahL  Those  who  div«  for  :spoajps  in  the 
iBiaa,  earey  down  sponfea  dipped*  in  iifl  in  their 

Bbt  eoosidering  the  small  quantity  of  air  that  can  be 
I  IB  the  pures  of  a  sponge,  and  how  mach  that  little 
iBiraoted  by  the  pressure  of  the  incumbent  water,  such 
eanaot  subsist  a  diver  long,  since  a  gallon  of  air  is 

respiration  alMve  a  minnte.  l>r.  Halley  assures  us, 
liver  cannot  subsist  above  two  minutes  under  water 
ithout  A  sponge ;  besides,  if  the  depth  be  considerable, 
lure  of  the  water  makes  the  eyes  blood-shot,  and 
y  occasions  a  spitting  of  blood. 
>erirocnt  was  lately  tried  at  Rouen  upon  a  new  invent- 
(  ntachine,  called  brnttfau-poisMom^  or  fislilioat.  This 
c  af  itself  scTen  or  eight  minutes,  and  then  rose  of 
lie  longest  time  it  remained  nnder  water  was  eight 
The  descent  into  the  inside  of  this  machine  was  by 
ig  made  in  the  form  of  a  tunnel,  which  was  about  a 
re  above  the  surface  of  the  water.  When  those  who 
d  the  experiment  wished  to  descend  altogether  in  the 

disappear,  they  let  down  this  opening,  sunk  entirely 
i  water,  and  lost  all  communiration  with  the  external 
i  inventor  of  this  ingenious  machine  was  Fulton.  Three 
isistoats  went  into  the  boat,  and  remained  during 
^riuicnt.  The  prefect  and  a  vast  concourse  of  spccta- 
i  present. 

s  Bladder,  is  a  term  used  by  Dorelli,  for  a  machine 
contrived  for  divinr  under  the  water  to  great  depths, 
t  farility,  and  which  is  preferred  to  the  common  diving 
le  vesica,  or  bladder,  as  it  is  usually  railed,  is  to  be 
!>r  copper,  and  about  two  feet  in  diameter.  This  is 
n  the  diver's  head,  Lnd  is  to  be  tized  to  a  goat- skin 
cactly  fitted  to  the  shape  of  the  body  of  the  person, 
his  vesica  there  are  pipes,  by  means  of  which  a  circo- 

air  is  contrived:  and  the  person  carries  an  air-pump 
le,  by  ineaiis  of  which  he  may  make  himself  heavier  or 
u  tlie  fishes  do,  by  contracting  or  dilating  their  air 

IIBILITY.  an  essential  property  of  bodies.  Every 
p  with  which  we  are  acquainted  is  capable  of  being 
J  into  parts,  and  each  of  these  again  repeatedly  sub- 

Nor  has  any  limit  ever  been  assigned  to  this  pro-f 
ontinual  subdivision,  thoo|:h  it  seems  probable  that, 
term,  however  distant,  the  resulting  particles  may 
9  simple  atoms,  incapable  of  any  farther  resolution. 
:tual  sul)(li\isioii  of  bodies  has,  in  many  cases,  been 
D  a  prodii^ious  extent.  A  slip  of  ivory,  of  an  inch  in 
I  frequently  divided  into  an  hundred  equal  parts,  which 
ictly  visible.  Hut.  by  the  application  of  a  very  flue 
re  thousand  equidistant  lines,  in  the  space  of  a  qnar- 
inch.  can  be  traced  on  a  surface  of  steel  or  glass  with 
point  of  a  diamond,  producing  delicate  iridescent 

Common  writing:  paper  has  a  thickness  4if  about  the 
rt  of  an  inch ;  but  the  pellicle  separated  from  ox-gut, 
I  doubled  to  form  gold-beaters'  skin,  is  six  times 
A  sinKle  pound  of  cotton  has  been  spun  into  a  thread 
in  length :  and  the  same  quantity  of  wool  has  heen 
I  into  a  thread  of  95  miles ;  the  diameters  of  those 
>einK  hence  only  the  :\CA)\h  and  4(HHh  parts  of  an  inch. 
le  ductility  of  some  metals  far  exceeds  that  of  any 
bstance.  The  gold-beaters  begin  with  a  riband  an 
ad  and  l.'iO  inches  lonj;,  which  has  been  reduced,  by 
iiroii^h  rnilers.  to  about  the  MNUh  part  of  an  inch  in 
I.  Tliis  riband  is  cut  into  squares,  which  arc  dis- 
twern  lca\es  of  ^rlluni,  and  beat  by  a  heavy  hammer, 
acquire  a  breadth  of  more  than  three  inches,  and  are 
extciiilcd  ten  times.  These  are  again  quartered,  and 
•twren  the  fulds  of  {^old-beaters'  skin,  and  stretched 
he  operation  of  a  lit;liter  hammer,  to  the  breadth  of 
*s.  1  lie  same  process  is  repeated,  sometimes  more 
'c,  h\  a  saccession  of  lighter  hammers  ;  so  that  37G 
gold  iitc  thus  tinally  extended  into  2000  leases,  of  3.3 


tha  a8a»INl>th  puK  ofian  iDdi,  and  every  leaf  weighs  rather  less 
ik%m  the  Mthl  part  of  a  grain. 

Silver  ia  likewise  capable  af  being  iamluated,  but  will 
soarreiy  bear  bb  cxtSBaion  above  half  that  of  gold,  or  the 
160,000  part  of  an  inch  thick*  Oopper  and  tin  have  ttill  infe- 
rior degrees  of  ductility,  and  cannot  perhaps  be  beat  thinner 
than  the  20,00inh  part  of  an  inch.  Tliese  form  what  are  called 
Dutch  Leaf. 

In  the  gilding  of  buttons,  five  grains  of  gold,  which  is  applied 
as  an  amalgam  with  mercury,  is  allowed  to  each  gross;  so 
that  the  coaling  left  must  amount  to  the  llO.iHlOth  part  of  an 
inch  in  thickness.  If  a  piece  of  ivory  or  white  satin  be  ini- 
mersed  in  a  nitro-mnriate  solution  of  gold,  and  then  plunsred 
into  ajar  of  hydrogen  gas,  it  will  become  covered  with  a  aur- 
face  of  gold  hardly  exceeding  in  thWkness  the  ten  millionth 
part  of  an  inch. 

The  gilt  wire  used  in  embroiJIery  is  formed  by  extending 
gold  over  a  surface  of  silver.  A'milver  rod,  about  two  feet 
long  and  an  inch  and  half  in  diameter,  and  therefore  weighing 
nearly  twenty  pounds,  is  richly  coated  with  about  800  grains 
of  pure  gold.  In  this  country  the  lowest  proportion  allowed  is 
100  grains  of  gold  to  a  pound  of  silver.  This  gilt  rod  is  then 
drawn  throagh  a  series  of  diminishing  holes,  till  it  has  stretched 
to  the  vast  length  of  *240  miles,  ulien  the  gold  has  consequently 
become  attenuated  bOO  times,  each  grain  covering  a  suifaee  of 
96tX>  square  Inches.  This  wire  being  n(»w  flatted,  the  golden 
film  snlTers  a  farther  extension,  and  has  its  thickness  reduced 
to  the  four  or  five  millionth  part  of  an  inch. 

It  has  been  asserted,  that  wires  of  pure  gold  can  be  dramn 
of  only  the  4000th  part  of  an  inch  in  diameter.  Hut  Dr.  W.  II. 
Wollaston,  by  an  ingenious  procedure,  has  lately  advanced 
much  farther.  Taking  a  short  cylinder  of  silver,  about  the 
third  part  of  an  inch  in  diameter,  he  drilled  a  fine  hole  throuirh 
its  axis,  and  inserted  a  wire  of  platinum  only  the  l(N)th  part  of 
an  inch  thick.  This  silver  mould  was  now  drawn  throngb  the 
successive  holes  of  a  steel  plate,  till  its  diameter  was  brought 
to  near  the  1600th  part  of  an  Inch,  and  conse<f  uently  the  inter- 
nal wire,  being  diminished  in  the  same  proportion,  wak  reduced 
to  between  the  4  and  6000tb  part  of  an  inch.  The  compound 
wire  was  then  dipped  in  warm  nitric  acid,  which  dissolved  the 
silver,  and  left  its  core,  or  the  wire  of  platinum.  Uy  passing 
the  incrusted  platinum  through  a  greater  number  of  holes, 
wires  still  finer  were  obtained,  some  of  them  only  the  30,000th 
part  of  an  inch  in  diameter.  The  tenacity  of  the  metal,  before 
reaching  that  limit,  was  even  considerable  ;  a  platinum  wire  <if 
the  18,000th  part  of  an  inch  in  diameter  supporting  the  weight 
of  one  grain  and  a  third. 

Such  excessive  fineness  is  hardly  surpassed  by  the  filamen- 
tous productions  of  nature.  Human  hair  varies  in  thickness, 
from  the  S.'iOth  to  the  000th  part  of  an  inch.  The  fibre  of  the 
coarsest  wool  is  ahout  the  MNUh  part  of  an  inch  in  diameter, 
and  that  of  the  finest  only  the  15(N)th  part.  The  silk  line,  as 
spun  by  the  worm,  is  about  the  6000th  part  of  an  inch  t^ick  : 
but  a  spider's  line  is  perhaps  six  times  finer,  or  only  the 
30.000th  part  of  an  inch  in  diameter,  insomuch,  that  a  single 
pound  of  this  attenuated  substance  might  be  sufficient  to 
encompass  our  globe. 

The  red  globules  of  the  human  blood  have  an  irregilar 
roundish  shape,  from  the  'i-'iOOth  to  the  3300th  of  an  inch  ui 
diameter,  with  a  dark  central  spot. 

The  trituration  and  levigalion  of  powders,  and  the  perennial 
abrasion  and  waste  of  the  surface*  of  solid  bodies,  occasion  a 
disintegration  of  particles,  almost  exceeding  the  powers  of 
compntalion.  Kmery,  after  it  has  been  ground,  is  thrown  into 
a  vat  filled  with  water,  and  the  fineness  of  the  powder  Is  dis- 
tinguished by  the  time  of  its  subsidence.  In  very  dry  situ- 
ations, the  dust  lodged  near  the  corners  and  crevices  of  ancient 
buildings  is,  by  the  continual  acitalion  of  the  air,  made  to  give 
a  glossy  polish  to  the  interior  side  of  the  pillars  and  the  l«'ss 
prominent  parts  of  those  venerable  remains.  So  fine  is  the 
sand  on  the  adust  plains  of  Arabia,  that  it  is  carried  some- 
times  300  miles  over  the  Mediterranean,  by  the  sweeping  nnd 
violent  Sirocco.  Along  the  shores  of  that  sea,  the  rocks  aie 
peopled  by  the  pAv/ai,  a  testaceous  and  edible  worai,  which, 
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tiioagh /Tery  toft,  yel^'bj  unwearied  p€yrtevenuice,..woi:ka.  It 
cylU^rical  hole  iota  the  heart. of  the  hardest  stoncu .  The  mar- 
ble steps,  of  the  p^reat  ohorches  in  Italy  .are  woniiby  the  inces- 
sant crawling  of  abject  devoteea;  nay«  the  .hands  and  feet  of 
hrooae  statues  are,  in  the  lapse  oC  ages,  wasted  away  by  the 
ardent  kissespof  innomerable  pilgrims  tbat.xesoft  to  those 
shrines.  -  What  an  evanescent  pellicle  of  the  metal  must  be 
abraded  at  each  saccessive  contact ! 

.  The  solutions  of  certain  saline  bodies,  and  of  other  coloured 
fnbstances,  exhibit  a  prodigious  subdivision  and  dissemination 
of  matter.  A  single  grain  of  the  sulphatie  of  copper,  or  i  blue 
.vitriol,  will  communicate  a  fine  azure  tint  to.  five  gallons  of 
water.  In  this  case  the  copper  must  be  attenuated  at  least  ten 
million  times ;  yet  each  drop  of  the  liquid  may  contain  as  many 
coloured  particles,  distinguishable  by  our  unassisted  liaon*  A 
still  minuter  portion  of  .cochineal,  dissolved  in  deliqueate  pot- 
ash, will  strike  a  bright  porple  eolour  through .  an  equal  mass 
of  water. 

Odours  are  capable  .of  a  much  wider,  diffusion.  A  single 
grain  of  musk  has  been  known  to  perfume  a.large  room  for 
the  space  of  twenty  years.  Consider  how  often^  during  that 
time,  the  air  of  the  apartment  must  have  been  renewed*  and 
have  become  charged  with  fresh  odour !  At  the  lowest  com- 
putation, Uie  musk  had  been  subdivided  into  320  quadrillions 
of  particles,  each  of  them  capable  of  affecting  the  olfactory 
organs.  The  vast  diffusion  of  odorous  effluvia  may  be  con- 
ceived from  the  fact,  that  a  lump  of  assafatidoj  exposed  to  the 
open  air^  lost  only  a  grain  in  seven  weeks.  Yet,  since  dogs 
hunt  by  the  scent  alone,  the  eflluvia  emitted  from  the  several 
species  of  animals,  and  from  different  individuals  of  the  same 
race,  must  be  essentially  distinct 

The  Tapour  of  pestilence  conveys  its  poison  in  a  still  more 
subtile  and  attenuated  form.  The  seeds  of  contagion  are 
known  to  lurk  for  years  in  various  absorbent  substances, 
which,  on  exposure  to  the  air,  scatter  death  and  consternation. 

But  the  diffusion  of  the  particles  o£  light  defies  all  powers  of 
calculation.  A  soMdl  taper  will,  in  a  twinkling,  illuminate  the 
atmosphere  to  the  distance  of  four  miles ;  yet  the  luminous 
particles  which  fill  that  wide  concavity. cannot  amount  to  the 
dUOOth  pfart  of  a  grain,  which  may  be  the  whole  consumption 
of  the  wax  in  light,  in  smoke,  and  ashes. 

Animated  matter  likewise  exhibits^  in  many  instances,  a 
wonderful  subdivision.  Between  the  Tropies,  the  small  marine 
polypi,  by  the  immensity  of  their  combined  numbora,  speedily 
raise  up  clusters  of  coral  reefs,  so  dangerous  at  present  to  the 
navigation  of  those  seas,  but  which  are  destined,  at  no  very 
remote  period,  to  form  groups  of  inhabited  and  cultivated 
islands.  The  milt  of  a  codfish,  when  it  begins  to  putrefy,  has 
been  computed  to  contain  a  billion  of  perfect  insects ;  so  that 
thousands  of  these  living  creatures  could  be  lifted  on  the  point 
of  a  needle.  But  the  infusory  animalcules  display,  in  their 
.structure  and  functions,  the  most  transcendent  attenuation  of 
matter.  The  vibrio  undula,  found  in  duck-weed,  is  computed 
to  be  ten  thousand  million  times  smaller  than  a  hemp  seed. 
The.vt^'o  Utuoia  occurs  in  vegetable  infusions,  every  drop 
conUining  myriads  of  those  oblong  points.  The  mtnuu  gelstu 
nam,  discovered  in  ditch-water,  appears  in  the  field  of  a  micro- 
scope a  mere  atom  endued  with  life,  millions  of  them  playing 
like  the  sunbeams  in  a  single  drop  of  liquid. 

Insects  have  beien  discovered  so  small  as  not  to^sxceed  the 
10,000  part  of  an  inch,  so  that  1,000,000,000,000  of  them  might 
be  contained  within  the  space  of  one  cubic  inch,  yet  each  ani- 
malcule must  consist  of  parts  connected  with  each  other,  with 
vessels,  with  fluids,  and  with  organs  necessary  for  its  motions, 
for  its  increase,  for  its  propagation,  &c.  How  inconceivably 
small  must  those  organs  be ;  and  yet  they  are  unquestionably 
composed  of  other  parts  still  smaller,  and  still  farther  removed 
fcom  the  perception  of  our  senses. 

DIVISION,  in  the  Navy,  a  select  number  of  ships  in  a  fleet 
or  squadron  of  men-of-war,  distinguished  by  a  particular  flag, 
pendant,  or  vane,  and  sometimes  commanded  by  a  general 
oflicer.  A  squadron  is  commonly  ranged  into  three  divisions, 
the  commanding  officer  of  which  is  always  stationed  in  the 
centre.  In  a  large  fleet  the  admiral  divides  it  into  three  squad- 
rons, each  of  which  is  commanded  by  an  admiral,  and  is  again 
divided  into  three  divisions;  eaoh  squadron  has  its  propei 


pohMJto,  aeoording  .-tu  tibid  rhnk^o£.tbo  admiral  Mha  commands 
it ;  and  each  division  its  proper  mast  The  private  ships  earry 
ptodanta  oftfadsalne  ooloiir.irith  their  respective  squadrons  at 
the  masts  of  .theiCjpartiealar  divisions,  so  that  the  ahips  in  the 
last  division  of  the  Una  squadron  carry  a  blue  pendant  atdmr 
JttfaBxen  top-^idlant^nalBt-head.  These  distinctiQns  of  divisions 
are  not,  however,  constantly  practised*  The  general  officers  or 
commanders  of  divisions  place  .then^elves  in  the.  centre  of  the 
divisions,  the  three  commanding  admirals  excepted,  who,  ia 
a  .sailing  position,  lead  their  respective  squadrons. — In  the 
Army,  a. body  of  troops  composed  of  several. brigades,  and 
oommanded  by  a  general  officer. 

Division^  in .  Natural  Philosophy,,  is  the  taking  a  thing  to 
pieces,  in  order  to  have  a  more  complete  conception  of  the 
wholp :  this  is  freqn^tly  necessary  in  examining  very  complex 
beings,  the  several  parts  of  which  cannot  be  surveyed  at  one  view. 

DivJsioN,  is  one  of  the  principal  rules  in  Arithmetic  and 
Algebra:  it  consists  in  finding  how  often.  &  less  number  is  con- 
tained in  a  greater. .  The.  number  to  .be  divided  is  called  the 
dividend^  the  number  by  which,  the  division  is.  made  is  the 
diviior ;  the  number  of  times  that  this  is  contained  in  the  former 
is  called  the  quotient^  and  if  any  thing  remains  after  the  opera- 
tion is  finished,  it,  is  called  the  remainder.  Division  is  either 
simple  or  compound. 

Simple  Division,  is  wlien  both  the  divisor  and  dividend  art 
integral  numbers. 

Mule. — Draw  a  small  curve-line  on  .the  right  and  left  of  the 
dividend,  and  write  the  divisor  on  the  left ;  Ihen  find  how  many 
times  the  divisor  is  contained  in  as^many-of  the  leftrhssd 
figures  of  the  dividend  as  are  just  necessary,  and  place  thit 
number  on  the  right  Multiply  Uie  divisor  by  this  number,  and 
place  the  product  under  the  figure  of  the  dividend  above  men- 
tioned. Subtract  this  product  from  that  part  of  the  dividcDd 
under  which  it  stands,  and  bring  down  the  next  figure  of  the 
dividend,  or  more  if  necessary,  to  the  right  of  the  remainder. 
Divide  this  number,  so  increased,  as  before,  and  so  on  till  tbt 
whole  is  finished.  Note  I.  When  it  is  necessar}'  to  bring dowa 
more  than  one  figure  to  the  remainder,  a  cipher  must  be  placed 
in  the  quotient  for  every  figure  thus  brought  down.  S.  If  the 
divisor  do  not  exceed  12,  the  quotient  may  be  written  down  as 
it  arises,  immediately  .under  the  dividend. — Proof  of  Division. 
Multiply  the  divisor  and  quotient  together,  and  add  to  thif 
product  the  remainder,  which  ought  to  be  equal  to  the  dividend, 
if  the  work  be  right 

Example. 
5)674346(1  7)643287(1  346)7486716(21637 

e«2       346 

134869  quotients  91898 
6  7 


674346  proof   643287 


666 
346 

2207 

129822 
86548 
64911 
314 

74867l6p»ot. 

1038 

2736 
2422 

814 

Sometimes,  for  the  sake  of  abridging  the  operation,  the 
cessive  products  are  omitted,  and  the  subtraction  is  msde^ 
figure  for  h^ure  as  the  work  is  carried  on ;  by  this  method,  the  '^ 
foregoing  example  would  stand  as  follows: — Division  ns) 
also  be  proved  by  the  cross,  the  same  as  muItipKoation,  hj 
casting  out  the  nines  from  the  divisor  and  quotient;  and  again 
out  of  the  product  of  their  remainders ;  and  this  last  remainder 
ought  to  be  the  same  as  that  arising  from  the  dividend,  after 
the  remainder,  arising  in  the  operation,  is  subtracted  from  it; 
thus,  346)7486716(21637        ^  v 

666  %       X  4^ 

2736        P'^^^ 
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fone rally  called  the  it^Um.m9ikini  ^ dirisum. 
m(  DivuM>N,  i^  ube^  t(iQ  ckivii|eoa.  is  •  .compoa^d 
--Rmie.  Difide  the  1|]s)m«|  .df nomwtUua  qC  the 
be  the  divisor,  ^  io  tbelonber  pilj9.  Rcdace  tho 
r^  if  any,  Ui  the  next  inferior  deii9|BUoatiQii«  apd  dif  ide 
;  reduce  this  remainder  afai^»and  dif  ide  as  before ; 
D  Uli  tbo  whole  is  finished.  Aotfc.  It  the  divisor 
;  and  be  a  cumposite  number,  divide  by  its  (actors 
4y,  instead  of  the  vhole  number  at  once. 

£,  t.    d.  £•  t.  d. 

tpU.    3)1  13    9(  7)1>  13  U( 


I   11     3 
3 

quotient             1    7    0) 

7 

4  13     U 

proof               0  13  U 

Divide  £211. 
4X0 

14i.     lOd.  by  34. 
£.    *.    d. 
4)214  14  tO( 

C)  :>3  13    81( 
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IN  of  Fractions,  is  performed  by  the  following  rate, 
n  mixed  numbers  to  Improper  fractions,  then  invest 
I  of  the  divisor,  and  multiply  the  numerators  and 
linators  tog:ether  ss  in  multiplication,  obserylng  that 
)rs  as  are  common  in  the  numerator!  and  denomina- 
be  cancelled. 

Examples, 
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}\  of  Dtcim^t%  13  performed  the  same  as  in  the  slm- 
f  division,  obscrvmK  only  to  point  off  in  the  quotient 
lecimal  places,  ^  those  in  the  dividend  exceed  those 
isor  i  and  if  there  be  not  so  many,  the  defect  most  be 
bj  preljxing  ciphers.  Another  way  to  know  the  place 
cimal  point  is  this:  the  first  figure  of  the  quotient 
laade  to  occupy  the  same  place  either  in  integers  or 
as  does  that  figure  of  the  dividend  that  stands  orer 
place  of  tlie  first  product.  Hott.  The  divisicm  may 
I  on  to  any  extent  required  by  annexing  ciphers  to 
Bders  after  all  the  friven  figures  haTO  been  used. 
mmpU.  4dU'4)748G8^  1-616  quotient 

298  28 

7  444 

25800 
1480 

191  of  Cirndating  DecimaU,  is  performed  by  eoBfertinfC 
^nds  into  their  equivalent  fractions,  and  then  procced- 
division  of  fractions. 

)N«  in  Algebra,  is  the  method  of  finding  the  quotient 
rom  the  division  of  one  intermediate  quantity  by 
shich  may  be  considered  under  two  cases. 

When  the  divisor  and  dividend  are  both  simple  quan- 
\uU.  Divide  the  co-eflicicnts,  as  in  arithmetic,  and  to 
ent  annex  the  result  arising  from  the  division  of  the 
Date  quantities.  ?iote.  W  hen  the  divisor  and  diri- 
0  like  signs,  the  sign  of  the  quotient  is  plus  +  ;  and 
r  are  unlike,  the  sign  of  the  quotient  is  minus  — ,  as 
Dcation. 

6«6)24a«A3        7xM36x*y*        6x«^/y)72x«ir 


4«  h 


6r  y> 


l2jrVy 


32efrr*       —  4xy)— 10x«y»  4a«6 )  — 24«*6*r* 


-8r 


-h    4r  y» 


—   6«&*e* 


When  the  dividend  is  a  compound  quantity,  and  the 
ther  simple  or  compound.    Rule.  Set  the  divisor  oo 


the  left  of  tta  diTldend,  aod  prooeed  i«  the  operation  the  saoie 
|u  io  division  of  nuiubersv  ab^ecfing  atiU  the  aaae  rule  as 
idiore  with  regard  to  tho  sigAs. 

Kgmmpiu. 


a«—     mk 

Division  of  Aifthrmk  Frmetkm,  is  performed  the  same  way 
as  in  the  case  of  simple  fractions,  eir.  reduce  all  mixed 
expressions  to  improper  fractions,  then  ioTert  the  termi  of  the 
divisor,  and  multiply  the  numerators  and  denominators  as  in 
the  rule  above  quoted,  observing  to  cancel  all  faotors  that  are 
common  to  the  numerators  and  denominators. 

Exmmptes, 
1      ?^  .   ^•'  — .  ^       5c»  _  25 f* 

46"^5?~ri^3«>"  lalS" 


2. 


3. 


\j*  -f  xy 


9ii»»  3»t|f 

7?y»  "  6x»T  ^ 
2M-y»    _    **  — 


7*«f»      •  7x«v« 


*(»•♦•  f)         »"-fjf» 


—  ^  — y*  —   _ 

Division  of  Surdt,  is  the  method  of  ascertaining  the  qootleot 
arising  from  the  division  of  one  irrational  quantity  by  another. 
RuU,  Reduce  the  given  surds  to  their  simplest  form,  and  the 
radical  parts  thus  arising  to  like  radicals ;  then  divide  the  co- 
efficient of  the  dividend  by  the  co-efiolent  of  the  divisor  for  the 
new  co-efficient,  and  one  surd  part  by  the  other  for  the  required 
surd,  which  being  annexed  vrith  its  proper  radical  sign  to  the 
co-efficient  before  found,  will  be  the  answer  required.  Aafr. 
If  the  radical  signs  be  not  the  same,  but  the  quantities  under 
them  be  equal,  the  division  will  be  effected  by  subtrscting  the 
index  representing  the  radical  of  the  divisor  from  the  index  of 
that  representing  the  radical  of  the  dividend. 

ExmmpUs, 
>/735    _  1 
7        ""7 


1. 


^/  105      _ 


•Jt 

»/  IHz 

^  108 

=  r  ^^735 


2.     -^      _•!_-  — 


3. 


•'"•>^«''=x.^l;=Wa^ 


3>/2x 


3v''4 


^'i/ 


4  _  -y  16  _ 


s/  18 


3  s/  2         >/  2         i/  n 


=  J' 2 


A'ofe.  When  the  proposed  divisor  is  a  binomial  surd,  con- 
sisting of  the  sum  or  difference  of  two  square  roots,  it  may  be 
rendered  rational  by  multiplying  both  numerator  and  denomi- 
nator, or,  which  is  the  same,  both  divisor  and  dividend,  by  the 
same  two  quantities,  but  connected  with  a  contrary  sign  to  that 
by  which  they  are  connected  in  the  denominator,  that  is,  by 
«f  when  that  is  .—  ;  and  by  — ,  when  that  is  -f  :  because  the 
product  of  the  sum  of  two  quantities  multiplied  by  their 
difference,  is  equal  to  the  difference  of  their  squares.  Thus, 
for  example,  rc^qoired  the  quotient  arising  from  the  «ivision 
of  V  5  +  >/  7  by  ^/  13  -{-  >/  la    By  the  rule, 

r    >/5  -h  >/7      _      >/6  -f  s/7      _    ^  13  ^  ^/  10 

Division  of  Rmiioi^  or  Ditidfd  Rmtim^  is  when  of  four  proper 
tiooal  quantities,  the  differences  of  the  antecedenta  and  < 
sequent*  are  compared  either  with  the  antecodeata  or  c6i 
queots ;  thas,  if  •  :  5  : :  e  :  if. 

flK.»  i«  —  5:«::c— rf:r. 


s/  13  i-  s/  10  y/  13  +  V  10 

v^  05  +  v^  91   —  5  V  2  —  ^/  70. 


^/  13  —  >/lV 
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DITISOR,  if  that  nalnber  or  quantity  which  exactly  dividei 
another  nnmher  or  quantity,  without  leaving  a  remainder. 
Divisor  also  sin^fies  tliat  number  by  which  lUiollier  humb^r  ts 
to  be  divided,  without  rerard  to  what  may  remain  i^ter  division. 

Commoii  Divisor,  in  Arithmetic,  is  that  number  which  will 
exactly  divide  two  or  more  given  lyumbers ;  and  (he  ^eatest 
of  all  such  divisors  is  called  the  greatest  common  divisor,  or 
the  greatest  common  measure.  The  follovdng  theorems  are 
freqaently  useful  in  finding  the  divisors  of  numbers  :— -I.  If  the 
last  digit  of  any  number  be  divisible  by  2,  the  \%hole  number  is 
divisible  by  2.  If  the  two  last  digits  be  divisible  b^  4,  the 
whole  number  is  divisible  by  4.  If  the  three  last  digits  be 
divisible  by  8,  the  whole  number  is  divisible  by  8.  And  gene- 
rally, if  the  last  n  digits  of  any  number  be  divisible  by  2*,  the 
whole  number  is  divisible  by  2  .  2.  If  the  sum  of  the  dints  of 
any  number  be  divisible  by  3  or  by  0,  the  whole  number  is 
divisible  by  3  or  9 ;  and  if  also  the  last  digit  be  even,  the  whole 
number  is  divisible  by  18.  3.  If  a  number  terminate  with  5,  it 
is  divisible  by  5 ;  and  if  it  terminate  in  0,  it  is  divisible  by 
either  10  or  5.  4.  If  the  sums  of  the  alternate  digits  be  equal, 
or  if  one  sum  exceed  the  other  by  11,  or  by  any  multiple  of  1 1, 
the  whole  number  is  divisible  by  11.  See  vol.  i.  p.  24,  Euler's 
'*  Algebra,"  2d  English  edition. 

By  means  of  these  theorems  we  are  enabled  frequently  to 
ascertain  the  divisors  of  numbers,  but  when  the  greatest  com- 
mon divisor  of  two  numbers  is  required,  we  must  proceed  by 
the  following  rule. 

To  find  the  greatest  common  Divisors  of  two  given  Numbers, — 
Rule.  Divide  the  greater  number  by  the  less,  then  divide  the 
divisor  by  the  remainder ;  and  thus  continue  always  dividing 
the  last  divisor  by  the  last  remainder  till  nothing  remains,  and 
the  last  divisor  will  be  that  required.-- iVo/e.  If  the  greatest 
common  divisor  of  three  or  more  numbers  be  required,  find 
the  common  divisor  of  two  of  them  first,  then  of  this  common 
divisor  and  another  of  the  given  numbers,  and  so  on  to  the 
last ;  so  shall  the  last  divisor  be  the  greatest  common  divisor 
required. 

JSxampUs, — Required  the  greatest  common  divisor  of  7631 
and  26416.  7631 )  26415  (  3 

22803 


3522)7631(2 
7044 


greatest  common  divisor  =:  587)3522(6 

3522 


which  number  will  divide  both  the  given  numbers,  for 

=  45. 


7031         ,^         ,26415 

—  =r  13;  and 

587    —     **'  687 


Common  Divisor,  in  Algebra,  is  any  algebraical  formula  or 
exp^ssion,  that  will  exactly  divide  two  or  more  other  alge- 
braical formulas,  without  leaving  a  remainder ;  and  the  greatest 
of  such  divisors  is  called  the  greatest  common  divisor. 

DIVORCE,  a  separation  of  two  de  facto  married  together, 
of  which  there  are  two  kinds  ;  one  a  vinculo  matrimonii,  from 
the  very  bond  of  marriage ;  the  other  a  mensa  et  thora,  from 
bed  and  board. 

DIURETICS,  in  Pharmacy,  such  medicines  as  increase  the 
discharge  of  urine ;  or  which  are  supposed  to  have  a  power 
of  removing  obstructions  in  the  urinary  passages. 

DIURNAL,  in  Astronomy,  any  thing  relating  to  the  day,  in 
opposition  to  nocturnal,  relating  to  the  night. 

Diurnal  Are^  is  the  apparent  arc  described  by  the  heavenly 
bodies,  in  consequence  of  the  rotation  of  the  earth. 

Diurnal  Motion  of  a  Planet^  is  the  number  of  degrees, 
minutes,  &c.  which  a  planet  moves  in  24  hours. 

Diurnal  Motion  of  the  Earthy  is  its  rotation  round  its  axis, 
the  duration  of  which  constitutes  the  natural  day.  This  motion 
has  generally  been  considered  as  nniform,  though  there  have 
been  some  astronomers  who  have  suspected  a  trifling  irregula- 
rity ;  and  the  late  investigations  of  the  French  astronomers 
tend  rather  to  confirm  tlie  latter  hypothesis. 


DOCK,'  ai  bS-oad  and  deep  ireneh  formed  oo  Ihe  aide  of  a 
harbour,  ,or  the  bai^s  .of  .a  river»  and  conunpdiooalv  Htled, 
either  to  build  8l|ips«  ar  to  receive  them  to  be  rcpaixed ;  theie 
docks  have  generally  strong  flood-gatea,  to  pravent  ihp  floz  of 
the  tide  from  entering  the  dock.  'Hiere  are  likewjUe  -wet  docks 
without  flood-gates,  where  a  ship  can  be  cleaned  during  the 
recess  of  the  tide,  or  between  Uie  times  when  the  tide  leavei 
her  dry  aground,  and  the  period  when  it  reaches  her  again. 

DOCKING  a  SuiP,  the  act  of  drawing  her  into  dock,  b 
order  to  give  her  a  proper  repair,  cleanse  the  bottom,  and 
cover  it  anew.    See  the  article  Jdreamino. 

DOCKS,  London,  just  below  the  site  of  the  Tower,  and  on  the 
left  bank  of  the  Thames,  were  begun  in  1800,  and  completed  in 
1805,  at  an  expense  of  £1,500,000  sterling;  at  any  rate  the 
capital  of  the  Company  is  a  million  and  a  half  sterling :  the 
dividend,  by  act  of  parliament,  can  never  exceed  10  per  cent 
The  larger  dock  is  a  rectangle,  the  longer  sides  of  which  ran 
from  east  to  west.  The  lower  entrance  is  by  a  out  which  opens 
into  a  long  basin,  communicating  with  the  dock  by  a  short 
canal :  this  is  called  the  Wapping  entrance.  Higher  up  the 
river,  there  is  another  canal,  which  leads  to  the  south-west 
angle  of  the  dock :  this  is  the  entrance  called  the  Hermitage, 
of  which  we  give  a  plan,  with  the  excellent  locks  by  which  it  is 
floated.  For  all  these  details,  see  the  Plate  London  Docis. 
The  late  Mr.  Rennie  was  the  engineer  who  prepared  tJie 
plans,  and  directed  the  execution  of  these  great  undertakioirs. 
To  form  an  idea  of  the  importance  of  these  works,  it  will  be 
sufficient  to  detail  some  of  the  principal  dimensions. 

The  Dock,  properly  so  called,  is  420  yards  in  length,  276 
yards  in  breadth,  and  29  feet  in  depth  ;  its  superficies  is  eqoil 
to  25  acres ;  that  of  the  basin  is  above  two  and  a  half  acres; 
and  if  to  this  square  be  added  the  ground  occupied  by  war^ 
houses,  the  sheds,  and  the  quays,  it  will  be  found  that  the 
whole  premises  contain  a  superficies  of  110  acres.  With  the  ex- 
ception of  those  ships  that  trade  to  the  East  and  West  Indies. 
every  vessel,  whether  English  or  foreign,  may  enter  the  Loo- 
don  Dock,  upon  paying  the  duties,  to  unship  their  cargoes,  or 
take  in  a  new  lading. 

For  the  convenience  of  business,  ranges  of  sheds,  low,  sod 
of  a  very^ simple  construction,  have  been  erected  alonir  tlio 
sides  of  the  dock  and  near  the  edges  of  the  quays,  into  which 
cargoes  are  removed.     Behind  these  sheds,  and  in  a  parallel 
direction  to  them,  stands  a  line  of  magnificent  warehouses « 
four  stories  high,  with  spacious  vaults,  into  which  the  cask^ 
are  conveyed  by  inclined  planes.    These  warehouses  are  boil  ^ 
with  regularity  and  solidity,  but  without  any  pretensioD  t « 
ornaments.     Nothing,  however,  can  be  more  imposing  than  tb 
effect  of  the  whole,  of  the  grandeur  of  which  some  idea  may  l^ 
formed,  by  considering  that  these  buildings  occupy  a  sapec"^ 
ficies  of  120,000  square  yards. 

In  front  of  the  warehouses,  and  along  the  whole  length  tm 
the  sheds,  are  iron  railways ;  others  cross  these  at  right  angled 
leading  from  the  quay  to  the  warehouses,  and,  in  some  instances 
to  their  interior.     Oblique  lines  of  connexion  facilitate  tb^^ 
communication  of  the  former  railways  with  the  latter.    As  thc^ 
edges  of  these  railways  rise  in  a  small  degree  only  above  tbe^ 
level  of  the  pavement,  carriages  can  pass  over  vrithout  damag — 
in?  them,  and  without  being  impeded  by  them. 

To  the  east  of  the  dork,  a  range  of  warehouses  has  been  ^ 
built,  for  the  reception  of  tobacco.  Before  this  expensive  pro-  ' 
duction  was  stored  in  secure  places,  and  defended  by  high 
walls,  it  was  a  great  object  of  the  system  of  plunder  and  fraad 
carried  on  upon  the  river.  The  first  and  most  extensive  of 
these  warehouses,  which  of  itself  covers  a  space  of  six  acres, 
is  the  work  of  Mr.  Alexander.  This  distinguished  architect 
has  here  made  a  most  judicious  combination  of  wood  and  iroa. 
On  the  other  side  of  a  short  canal,  and  close  to  this  warehouse, 
is  a  second,  which  covers  about  17,000  square  yards.  Its  con- 
struction is  evidently  upon  the  same  principle  as  the  last  mesi- 
tioned.  But  in  the  present  instance,  the  idea  which  Mr.  Alex- 
ander afterward  followed  up,  is  in  some  measure  still  rude,  and 
the  progress  of  art  is  very  perceptible  in  a  comparison  of  the 
two  buildings. 

The  London  Docks  are  the  grand  dep6t  for  foreign  spirits : 
numerous  pipes  of  wine  and  brandy  are  kept  in  the  vaults, 
which  occupy  the  same  superficies  as  the  warehouses ;  these 


LoNDon   Docks. 
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ilU  are  fnt>inrd,  and  their  piers  iiipport  the  columns  gf  the 

rebonsm  abote. 

*fae  London  Docks  hare  their  several  parts  perfectly  adapted 

fmch  other,  and  arc  of  the  most  admirable  construction.  The 

es,  like  nil  those  whoso  sixe  exceeds  from  t20  to  2:1  feet,  in- 

id  of  bring  straight,  are  curved  on  the  side  on  which  the 

tor  presses. 

inother  very  important  diflerence  obser\'aMc  between  the 

Irmulic  irrhitecture  of  the  Knglisb  an,d  that  of  the  Frenrh,  ix 

form  (if  the  wall.i  of  their  quays.  The  French  give  the 
«rior  face  cif  these  walls  the  Ktrai^ht  form  of  nn  inrliiird 
ne.  while  the  interior  face,  or  that  which  is  in  contact  with  the 
land.  is  in  the  form  of  a  vertical  plane.  The  Knglish  ^ivc 
h  these  fares  a  curved  form,  be^innins;  almost  perpendicu- 
ly,  and  without  a  curve  at  the  upper  part;  the  curvature 
reascs,  and  takes  a  sloping  direction,  which  is  less  rapid  as 
ipproarhes  the  lower  courses  of  the  work.  In  works  exe- 
M  with  great  care  and  prerision,  these  courses,  instead  of 
og  horizontal,  are  perpendicular  to  the  exterior  surface  of 
•  wall. 

rAe  IVfsr  Indin  Docks  are  on  the  left  bank  of  the  Thames, 
the  distance  of  about  one  mile  and  a  half  below  the  Loudon 
«ks ;  they  are  situated  on  the  base  of  a  ton<;ue  of  land  of 
'  Isle  of  bojrs,  a  sort  of  peninsula  formed  by  a  long  circuit 
the  river.  The  ducks  have  an  entrance  at  each  extremity  of 
s  circtiit.  South  of  the  docks,  and  parallel  to  their  length, 
he  rity  canal,  by  means  of  which  the  long  turn  of  the  river 
y  be  avoided.  But  in  order  to  gain  the  advantage  oflered 
the  canal,  a  toll  is  to  be  paid.  Naval  captains  prefer  fol- 
ring  the  common  course  of  the  river,  which,  when  the  tide 
ves.  (hies  not  occasion  a  loss  of  more  than  two  hours'  time. 
las  been  found  more  advantageous  to  make  this  canal  serve 
a  receptacle  for  dismantled  ships  laid  up  in  ordinary:  they 

ranged  on  a  line  of  about  a  mile  in  length,  and  present  a 
Knitieont  sicht  when  viewed  from  the  right  bank  of  the  river. 
rhe  W  est  India  docks  are  much  superior  to  the  London 
ii  in  extent  and  regularity.  These  vast  works  were  un- 
'takrn  and  executed  by  an  association  of  private  indivi- 
sls.  and  by  means  of  a  mere  subscription ;  twenty-seven 
»nths  sulliced  to  accomplish  the  whole.  The  excavations 
the  West  India  dock^  began  on  the  12th  of  July,  ItMK);  and 
earl>  as  the  month  of  September,  1802,  vessels  entered  the 
iport  duck ! 

At  the  highest  tides  the  depth  of  water  in  the  two  docks  is 
'ent}*fi)ur  fret;  they  arc  formed  parallel  to  each  other;  their 
Dimon  Ictitrth  is  ahnut  81X>  yards.  The  largest,  which  has  a 
perficies  of  above  thirty  acres,  is  destined  to  those  vessels 
'liminir  to  the  West  Indies,  which  deposit  their  cargoes  in 
'  warcboiKr*  of  this  artificial  port.  The  second,  the  super- 
esuf  vkhich  is  about  twenty-five  acres,  receives  the  vessels 
i  up  in  ordiiiar'k,  or  taking  the  outward  bound  cargoes, 
^se  dock^,  with  their  basins,  and  the  locks  which  connect 
nawith  the  river,  present  an  area  of  sixty-eight  acres  of 
'Mnd,  e\ea\ated  by  human  hands,  for  the  reception  and 
iarair(.  of  vessels  :  the  total  superficies,  including  that  of  the 
^5s  and  warehouses,  is  MO  acres. 

during  the  bus>  season,  this  establishment  employs  about 
^  workmen.  It  can  admit  at  the  .^anie  time  2ui  vessels 
tbe  import,  and  VX>  in  the  export  dock,  forming  a  total  of 
Ki^^y  tons.  During  the  first  fifteen  years,  7.2f>0  vessels 
^«red  them.  In  fine,  upon  the  qua}s,  under  the  sheds,  and 
the  warehouses,  there  have  been  deposited  at  the  same  time 
^•^^  barrels  or  casks  of  sugar,  7o.s7.'>  barrels  and  4.'n.fhl8 
(sofeofTee,  ,35,158  pipes  of  rum  and  Madeira  wine,  1-1,021 
'B  of  mahogany,  21,360  tons  of  logwood.  &e.  Nothing  ap- 
^M%  more  simple  than  the  idea  of  forming  separate  docks  for 
^  loailing  and  unloading  of  importations  and  exportations, 
U  infinite  as  the  ad\antages  which  it  affords  are.  in  prevent- 
r  confusion,  and  the  frauds  which  it  naturallv  produces,  the 
idish  eunstructed  docks  for  more  than  a  century  before  the 
"9  of  separate  docks  struck  them. 

\t  the  upper  and  lower  entrances  of  the  two  docks,  a  Itasin 
"vents  thrre  locks  of  communication.  The  first  communi- 
^«s  with  the  Thames.  The  water  is  kept  in  it  by  means  of 
ublf  rates.  The  second  and  third  locks  lead  respectively 
!^  the  exp  rt  and  import  docks ;  they  ha\e  also  double  gates. 
•JU. 


By  this  means,  the  vessels  are  able  to  eome  io  and  go  out  iiu 
dependently  of  the  state  of  the  tide ;  they  may  remain  in  the 
basin  as  long  as  is  judged  convenient.  The  water  of  the  docks 
being  but  very  little  higher  than  that  of  the  basins,  it  does  not 
press  violently  on  the  gates  of  the  locks.  It  should  be  also 
observed,  that  this  water  having  had  time  to  settle  in  its  pre- 
vious passage  throu)ch  the  basin,  hardly  deposits  any  sediment 
when  introduced  into  the  docks. 

The  docks  lie  in  the  direction  of  west  to  east,  inclining  a 
little  tow  ards  the  south.  The  principal  entrance,  that  of  the  im- 
port dock,  is  in  the  midst  of  the  smaller  side  to  the  west,  which 
faces  London;  in  coining  from  the  city,  we  reach  it  by  a  bianeh 
of  the  Commercial  Road. 

William  Jessop  furnished  the  plans  of  the  West  India  docks, 
and  directed  their  execution — a  monument  which  will  per- 
petuate his  memory.  The  construction  which  we  have  de- 
scribed, in  speaking  of  the  London  dock,  as  to  quays  with 
concave  linins^s,  lock-gates  forming  a  sweep,  and  iron  bridges, 
was  first  put  in  practice  in  the  establishment  now  under  iron- 
sideration.  After  the  death  of  William  Jessop,  all  these  works 
were  intrusted  to  J.  Kennie,  set!. 

The  sheds  represented  in  our  Plate,  run  parallel  with  the 
warehouses.  The  columns  supporting  them  are  eleven  feet 
high,  of  east  iron,  as  arc  also  the  capitals  ;  the  construction  of 
these  roofs  is  very  simple,  but  firm  and  neat. 

The  Eait  India  Docks  belonging  to  the  East  India  Com- 
pany, are  inferior  to  the  West  India  docks  in  magnitude,  bat 
equal  in  point  of  construction,  security  of  property,  and.  having 
to  receive  vessels  of  2500  tons,  they  are  deeper  than  the  West 
India  docks,  and  have  never  less  than  23  or  21  feet  water. 

DOCK-YARDS,  arsenals  containing  all  sorts  of  naval  stores 
and  timber  for  ship-building.  In  England  the  royal  dock-yard« 
are  at  Chatham,  Portsmouth,  Plymouth,  Deptford,  Wofdwich, 
and  Sheerness,  where  his  majesty's  ships  and  vessels  of  war 
are  generally  moored  during  peace,  and  such  as  want  repair- 
ing are  taken  into  the  docks,  examined,  and  refitted  for  service. 
These  yards  arc  generally  supplied  from  the  northern  crowns, 
with  hemp,  pitch,  tar,  rosin,  canvass,  oak  plank,  and  several 
other  species  of  stores.  With  regard  to  the  masts,  particularly 
those  of  the  largest  sixe.  thev  are  usually  imported  from  New 
England.  The  three  first  of  these  yards  arc  governed  by  a 
commissioner  resident  at  the  port,  who  superintends  all  the 
musters  of  the  oflicers,  artificers,  and  labourers,  employed  in 
the  dock-yard  and  ordinary  :  he  also  controls  their  payment 
therein,  examines  their  accounts,  contracts  and  draws  bills  on 
the  navy-office  to  supply  the  deficiency  of  stores  :  and,  tinnlly, 
regulates  whatever  beloni^s  to  the  dock-yard,  maiutaining  due 
order  in  the  respective  ofiices. 
*  DOCTOR,  a  person  who  has  passed  all  the  degrees  of  a 
faculty,  and  is  empowered  to  tearh  or  practise  the  jiame :  thus 
we  say,  doctor  in  divinity,  doctor  in  ph\sic,  doctor  of  laws. 

DODECACON,  in  tfcoinctry,  a  regular  polygon,  consisting 
of  twelve  equal  sides  and  angles. 

To  inscribe  a  Podrrtipon  in  n  Circle, —  Apply  the  radius  of  the 
circle  six  times  round  the  circumference,  which  will  divide  it 
into  six  equal  parts;  then  bisect  each  of  those  parts,  which 
will  divide  the  crrcumferencc  into  12  parts  for  the  dodecagon 
required. 

Tojind  the  Area  of  a  Dndrcnpon. — If  the  side  of  a  dodecagon 
be    1.    its   area   is   eipial    to   3  -h  tan.  75"=  3  (2  -»-  v/  3)  = 
Il'lt>fil52l  nearl\  :  and  an  the  ureas  of  pol\rons  arc  to  each 
other  as  the  square  of  their  like  sides,  we  have  as 
P:  I  I'llKJl.'WI  ::«':*'  ♦-  1  llfKil521  =  the  area  of  a  dodecagon. 

DODKC*  VIIKDKON.  in  (;eonirtr>.  one  of  the  retrnlar  Pla- 
tonic bodies,  comprehendeil  under  12  equal  side^  or  faces,  eaeh 
of  which  is  a  regular  pentagon.  Or,  a  d<M!re;ihedron  may  be 
conceived  to  consist  of  12  equal  pentagonal  pwaniidM.  whose 
vertices  or  tops  all  meet  in  one  common  point,  whii-h  will  he 
the  centre  of  the  sphere  circumserihing  the  dodecahedron.  The 
side  of  a  dodecahedron,  inscriheil  in  a  sphere,  is  equal  to  the 
greater  part  of  the  side  of  a  cube  inscribed  in  the  same  sphere 
when  cut  in  extreme  and  mean  proportion.  If  a  line  be  cut  in 
extreme  and  mean  ratio,  and  the  less  part  of  it  be  taken  for  the 
side  of  a  dodecahedron,  the  greater  part  will  be  the  Ktde  of  a 
cube  inscribed  in  the  same  sphere.  The  sitle  of  the  cube  is 
eifuaJ  to  the  right  line  that  subtends  the  angle  of  the  pentagon, 
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whifdi  fnam  oae  «f  the  equal  tides  of  ike  dodeeahiBdroli, 
iuoribed  in  the  siiine  iiphere. 

DODEG  ATEMORY,  the  twelfth  part  of  a  cireK  The  term 
is  chiefly  applied  to  the  twelve  booRea,  or  parts,  of  the  fodiac, 
of  the  ;»rtmuin  fnoH/e,  to  distinguish  theoi  from  the  tweWe 
aifj^ns ;  though  some  authors  use  the  same  term  when  speaking 
of  the  tweWe  signs  of  the  xodiae,  because  thej  each  contain  a 
twelfth  part  of  the  whole  circle. 

DOG,  a  sort  of  iron  book  or  bar  with  a  sharp  fang  at  one 
end,  so  formed  as  to  be  easily  driven  into  a  piece  of  timber ; 
it  is  used  to  drag  it  along  by  means  of  a  rope  fEistened  to  it, 
upon  which  any  number  of  men  can  pull,  and  so  draw  the  plank 
towards  the  place  where  it  is  to  be  stowed.  It  is  also  used  for 
the  same  purpose  in  unlading  the  ship. 

DOGGBR,  a  Dutch  vessel  navigated  in  the  German  ocean ; 
it  is  equipped  with  two  mast8»  a  main  and  a  miasen-mast,  and 
•omewhat  resembles  a  ketch.  It  is  principally  used  for  fishing 
OB  the  Dogger  Bank. 

DOG-VANB,  a  small  vane  composed  of  thread,  cork,  and 
feathers,  fastened  on  the  end  of  a  half-pike,  and  placed  on  the 
weather  gun-wale  to  steer  the  ship  by,  when  sailing  on  a  wind. 

DOLICHOS,  a  genus  of  the  decandria  order,  in  the  diadel- 
phia  dass  of  plants ;  and  in  the  natural  method  ranking  under 
the  33d  order,  papilionaceio.  There  are  38  species,  the  most 
remarkable  of  which,  the  soja,  a  native  of  Japan,  grows  with 
aa  erect,  slender,  and  hairy  stalk  to  the  height  of  about  four 
fSMt  The  leaves  are  like  those  of  the  garden  kidney  bean. 
The  flowers  are  of  a  bluish  white,  and  produced  from  the  bosom 
of  the  leaves,  and  succeeded  by  bristly  hanging  pods  resem- 
bling those  of  Uie  yellow  lupin,  which  commonly  contain  two, 
sometimes  three,  large  white  seeds*  There  is  a  variety  of  this 
kind,  with  a  small  black  fruit,  which  was  once  employed  in 
medicine.  Kempfer  affirms,  that  the  seeds  of  this  give  relief 
in  the  asthma.  From  this  plant  comes  the  pickle  called  sooju 
or  soy ;  to  make  which,  they  take  equal  quantities  of  the  beans 
boiled,  barley  or  wheat  roughly  ground,  and  common  salt. 
Having  properly  mixed  the  beans  with  the  pounded  corn,  tbey 
keep  the  whole  covered  in  a  warm  place,  in  order  to  ferment ; 
then  putting  the  mass  into  a  pot,  tbey  cover  it  with  the  salt, 
poaring  over  the  whole  two  measures  and  a  half  of  water.  This 
fhey  stir  for  two  or  three  months,  at  the  end  of  whicfi  time 
they  filtrate  and  express  the  mass,  and  preserve  the  liquor  in 
wooden  vessels. 

DOLLAR,  a  silver  coinage  of  Spain  and  of  the  United 
States,  the  former  being  worth  4#.  bid.  of  the  coinage  before 
1772;  and  4f .  4^{L  since  that  date;  which  latter  is  also  about 
the  value  of  the  American  dollar. 

DOLOMITE.  There  are  several  kinds.  White  dolomite 
contains  46.5  carbonate  of  magnesia,  62.08  carbonate  of  lime, 
0.25  oxide  of  manganese,  0.5  oxide  of  iron.  It  is  found  in  beds 
in  the  island  of  lona.  A  beautiful  variety,  found  in  the  island  of 
Teaedos,  was  used  by  the  ancient  sculptors.  It  consists  of  fine 
granular  concretions.  The  brown  dolomite  is  the  magncsian 
limestone  of  Tennant.  There  is  a  columnar  dolomite  of  a  pale 
grayish  white.    Compact  dolomite  is  of  a  snow-white  colour. 

DOLPHIN,  or  Delphi nus,  in  Astronomy,  the  Dolphin^  one 
of  the  old  constellations,  which  is  said  to  have  been  placed 
among  the  constellations  by  Neptune,  because  by  means  of  this 
fish,  Amphitrite  became  the  wife  of  Neptune,  though  she  had 
made  a  vow  to  observe  perpetual  celibacy. — Boundaries  and 
Conienti.  W.  by  Aquila,  N.  by  Vulpecula,  E.  bv  Pega.sus,  and 
S.  by  Aquarius  and  Antinous.  This  constellation  contains  18 
stars,  five  of  which  are  of  the  3d  maguitude,  and  the  rest  of 
imaller  magnitudes. 

Dolphin  of  the  Mast^  a  kind  of  wreath  formed  of  plaited 
cordage,  to  be  fastened  occasionally  round  the  mast  as  a  sup- 
port to  the  puddening ;  the  use  of  which  is  to  sustain  the  weight 
of  the  fore  and  main  yards  by  the  jcars,  in  case  the  rigging  or 
chains,  by  which  those  yards  are  suspended,  should  be  shot 
away  in  the  time  of  battle. 

DOME,  in  Architecture,  is  a  roof,  or  vault,  rising  from  a 
circular,  elliptic,  or  polygonal  base,  or  plane ;  with  a  convexity 
outwards,  or  a  concavity  inwards,  in  such  a  manner,  tliat  all 
the  boriaontal  sections  made  by  planes  will  be  similar  figures 
round  a  vertical  axis.  Domes  are  denominated  by  the  figures 
of  the  basis  on  which  they  are  erected ;  and  arc  therefore  called 


pofy^oHMl,  tiremUar,  or  dl^ptte  domea.  drewhr  daoca  aro  «f 
several  kinds,  as  sphericul,  spheroidal,  or  oBip$mdml^  itjp^W 
loidai^  paraMoidaln  Ike.  Domes  that  rise  higher  ikwd  bm  radkis 
of  the  base  are  called  twhnmmitd  domes;  and  Aoee  wbiek  rijo 
loss  than  this  dimension,  are  termed  dimtiniitfd  or  tmrhmi 
domes.  Domes  that  rise  from  eireolar  baiea  aro  ottled  ako 
cupolas,  t  . 

DOMESDAY,  or  Doomsdat-book,  a  veiy  aodem  looord 
made  in  the  time  of  William  the  Conqueror,  whioh  dow  renufof 
in  the  Exchequer,  and  consists  of  two  volumes,  a  greater  aad 
a  less ;  the  greater  contains  a  survey  of  all  Uie  lands  ia  most 
of  the  counties  in  England,  and  the  less  comprehends  soaie 
counties  that  were  not  then  surveyed.  The  book  of  domoidaf 
was  begun  by  five  justices,  assigned  for  that  parpoao  te  tmm 
county,  in  the  year  1081,  and  finished  in  1086w  It  was  of  that 
authority,  that  the  Conqueror  himself  submitted,  in  notn  ciam 
wherein  be  was  concerned,  to  be  determined  by  it;  Caaden 
calls  this  book  the  tax-book  of  king  William ;  and  it  vraa  tkr- 
ther  called  magna  rolla.  There  is  likewise  a  third  book  el 
domesday,  made  by  command  of  the  Conqueror ;  and  alM  a 
fourth,  being  an  abridgment  of  the  other  books. 

DOMINICAL  Letter,  in  Chronology,  properly  called  Soa* 
day  letter,  one  of  the  seven  letters  of  the  alphalHSt  A  B  CDEFO, 
used  in  almanacs,  ephemerises,  &c.  to  designate  the  Simdafi 
throughout  the  year.    In  our  almanacs,  the  first  seven  letters 
of  the  alphabet  are  commonly  placed  to  shew  oo  what  days  of 
the  week  the  days  of  the  months  fall  throughout  the  year.   Aoi 
because  one  of  those  seven  letters  must  necessarily  ttaai 
against  Sunday,  it  is  printed  in  a  capital  form,  and  called  tht 
dominical  letter ;  the  other  six  being  inserted  in  diflforeot  cfea* 
racters,  to  denote  the  other  six  days  of  the  week.    Now^  iiim 
a  common  Julian  year  contains  365  days,  if  this  nofiiber  W 
divided  by  7  (the  number  of  days  in  a  week)  there  will  leaaii 
one  day.    If  there  had  been  no  remainder,  it  is  obnoua  tks 
year  would  constantly  b^n  on  the  same  day  of  the  weik: 
but  since  one  remains,  it  is  plain  that  the  year  must  begin  and 
end  on  the  same  day  of  the  week ;  and  therefore  the  next  yoir 
will  begin  on  the  day  following.     Hence,  when  January  begin 
on  Sunday,  A  is  the  dominical  or  Sunday  letter  for  that  yeii: 
then,  because  the  next  year  begins  on  Monday,  the  Soadif 
will  fall  on  the  seventh  day,  to  which  is  annexed  the  sevenv 
letter  G,  whioh  therefore  will  hi  the  dominical  letter  far  tB 
that  year:  and  as  the  third  yea\  will  begin  on  Toesdi{y,llt 
Sunday  will  fail  on  the  sixth  day ;  therefore  F  will  be  the  Sti- 
day  letter  for  that  year.    Whence  it  is  evident,  that  the  So- 
day  letters  will  go  annually  in  retrograde  order  thus,  O,  F,B^ 
D,  C,  B,  A.    And,  in  the  course  of  seven  }ears,  if  tbey  wcif 
all  common  ones,  the  same  days  of  the  week  and  domiaieii 
letters  would  return  to  the  same  days  of  the  months.    M 
because  there  are  366  days  in  a  leap-year,  if  the  nombsrbs 
divided  by  7,  there  will  remain  two  days  over  and  above  the  tt 
weeks  of  which  the  year  consists.    And,  therefore,  if  the  leup* 
year  bcf^ins  on  Sunday,  it  will  end  on  Monday ;  and  as  tto 
year  will  begin  on  Tuesday,  the  first  Sunday  thereof  mnal  Mk 
on  tlie  6th  of  January,  to  which  is  annexed  the  letter  F,  aid 
not  G,  as  in  common  years.    By  this  means,  the  leap-y«r 
returning  every  fourth  year,  the  order  of  the  dominical  letters 
is  Interrupted;  and  the  series  cannot  return  to  its  first  stale 
tiJI  after  four  times  seven,  or  28  years ;  and  then  the  same  daya 
of  the  months  return  in  order  to  the  same  days  of  the  week  M 
before. 

The  dominical  letter  may  be  found  universally,  foritay  yev 
of  any  century,  thus:  Divide  the  centuries  by  4;  aadtriki 
twice  what  remains  from  6;  then  add  the  remainder  to  the  odd 
years  above  the  even  centuries,  and  their  4th.  IN  vide  thck 
sum  by  7,  and  the  remainder  taken  from  7  will  leave  the 
her  answering  to  the  letter  required.  Thus,  for  the  year 
the  letter  is  F. 

For  the  centuries,  18  divided  by  4,  leave  2;  the  doahleef 
wliich  taken  from  6  leaves  2  again ;  to  which  add  the  odd  yeaia 
78,  and  their  4th  part  19,  the  sum  09  divided  by  7,  leaves  1| 
which  taken  from  7,  leaves  6,  answering  to  F,  the  6th  letter  ia 
the  alphabet. 

^  DONATION,  an  act  whereby  a  person  transfers  to  anatkiv 
either  tlic  property  or  the  use  of  something,  as  a  free  gift,  to 
Older  to  be  vsJid,  it  supposes  a  capacity  iMth  ia  tho  doaor 
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^derable  height  in  the  air,  to  the  no  small  terror  of  the  ainased 
beholders;  its  appearance  being  that  of  an  oblong,  or  roundish, 
fiery  body,  with  a  lon^  tail,  bat  it  does  no  injury. 

JDRACUNCULI,  in  Medicine,  small  long  worms,  which 
breed  in  the  muscular  parts  of  the  arms  and  legs,  called 
Guinea-worms,  being  common  among  the  natives  of  Guinea. 
The  worm  is  white,  round,  and  uniform,  resembling  white 
round  tape.  It  is  lodged  between  the  interstices  and  mem- 
branes of  the  muscles,  where  it  insinuates  itself,  sometimes 
exceeding  five  ells  in  length.  It  occasions  no  great  pain  at  the 
beginning ;  but  at  such  times  as  it  is  ready  to  exit,  the  part 
adjoining  to  the  extremity  of  the  worm,  where  it  attempts  its 
exclusion,  begins  t6  swell,  throb,  and  be  inflamed;  this  gene- 
rally happens. about  the  ancle,  leg,  or  thigh,  and  rarely  higher. 
The  countries  where  this  distemper  is  observed  are  hot  and 
sultry,  liable  to  great  droughts,  and  the  inhabitants  make  use 
of  stagnating  and  corrupted  water,  in  which  it  is  very  probable 
that  Uie  ova  of  these  animalcules  may  be  contained ;  for  the 
white  people  who  drink  this  water  are  obnoxious  to  the  disease 
as  well  as  the  negroes. 

DRAG,  a  machine  consisting  of  a  sharp  square  frame  of  iron 
encircled  with  a  net,  and  commonly  used  to  rake  the  mud  off 
from  the  platform  or  bottom  of  the  docks,  or  to  clean  rivers. 

DRAGGING  thf.  Anchor,  the  act  of  trailing  it  along  the 
bottom,  after  it  is  loosened  from  the  ground  by  the  effort  of  the 
wind  or  current. 

DRAGON'S  Head  and  Tail,  are  the  nodes  of  the  planets, 
but  more  particularly  of  the  moon,  being  the  points  in  which 
the  ecliptic  is  intersected  by  her  orbit,  in  the  angle  of  about 
6P  18'.  One  of  these  points  is  to  the  northward,  the  moon 
beginning  then  to  have  north  latitude ;  and  the  other  southward, 
where  she  commences  south  latitude ;  the  former  point  being 
represented  by  the  knot  SI  for  the  head,  and  the  other  by  the 
same  reversed,  or  ISj  for  the  tail.  And  near  these  points  it  is, 
that  all  eclipses  of  the  sun  and  moon  happen. 

Dragon's  Blood,  a  gummy  resinous  substance,  which  is 
brought  from  the  East  Indies.  It  is  said  to  be  obtained  from 
the  palmajuncns  draco,  the  calamus  rotang,  the  dracena  draco, 
the  pterocarpus  draco,  and  other  vegetables.  In  the  present 
practice  of  medicine,  it  is  very  little,  if  at  all,  used,  either 
externally  or  internally.  A  solution  of  dragon's  blood  in  spirit 
of  wine,  is  used  for  staining  marble,  to  which  it  gives  a  red 
tinge. 

Dragon  Shelly  in  Natural  History,  a  name  given  by  people 
carious  in  shells  to  a  species  of  concamerated  patella  or  lim- 
pet This  has  a  top  very  much  bent,  and  is  of  an  ash-colour  on 
the  outside,  but  of  an  elegant  and  bright  flesh-colour  within. 
It  has  been  found  sticking  on  the  back  of  a  tortoise,  as  the 
common  limpets  do  on  the  sides  of  rocks,  and  some  have  been 
affixed  to  large  shells  of  the  pinna  marina. 

DRAGOON,  in  Military  affairs,  a  musketeer  mounted  on 
horseback,  who  sometimes  fights  or  marches  on  foot,  as  occa- 
sion requires. 

DRAINING,  the  art  of  clearing  wet  and  boggy  lands  of  their 
superfluous  moisture.  Land  becomes  charged  with  moisture 
from  two  causes: — I.  From  water  collected  in  the  higher 
grounds,  and  filtering  among  the  different  beds  of  gravel  and 
other  porous  materials,  forniing  springs  below,  and  flowing 
over  the  surface,  or  stagnating  underneath  it.  2.  From  rain  or 
water  lodging  and  becoming  stagnant  on  the  surface,  from  the 
clayey  or  impervious  nature  of  the  soil,  or  superior  stratum. 
The  first  of  these  causes  bogs,  swamps,  and  morasses,  and  is 
the  most  difficult  to  be  remedied. 

Springs  are  formed  in  the  bowels  of  the  earth,  by  water 
percolating  through  strata  of  a  porous  texture,  and  it  continues 
to  descend  till  it  meets  with  a  stratum  of  claj  that  intercepts 
it  in  its  course,  where,  being  collected  in  large  quantities,  it  is 
forced  to  seek  a  passage  through  the  strata  of  sand,  gravel,  or 
rock,  that  may  be  above  the  clay,  following  the  course  of  them 
till  they  approach  the  surface  of  the  earth,  or  are  interrupted 
by  any  obstacle  which  occasions  the  water  to  rise,  thus  forming 
springs,  bogs,  &c.  which  being  variously  diversified,  in  different 
circumstances,  produce  that  variety  of  appearances  in  this 
respect  that  we  often  meet  with.  This  being  the  case,  we  may 
naturally  conclude,  that  an  abundant  spring  need  never  be 
expected  in  any  country  that  if  covered  to  a  great  depth  with 


sand,  without  any  stratum  of  clay  to  foree  it  apwaidty  as  ii  M 
case  in  the  deserts  of  Arabia ;  neither  are  we  to  expeel  m 
abundant  spring  in  any  soil  that  consists  of  a  oniferm  bedtf 
clay  from  the  surface  to  a  great  depth,  for  it  moat  always  he  ia 
some  porous  stratum  that  the  water  flows  in  abondanee ;  and  it 
can  be  made  to  flow  horizontally  in  that  only  when  it  is  s^ 
ported  by  a  stratum  of  clay,  or  other  substance  that  is  eqaaHf 
impermeable  by  water.  Hence  the  rationale  of  that  mle  sa 
universally  established  in  digging  for  wells,  that  if  yoa  begia 
with  sand  or  gravel,  &c.  you  can  seldom  hope  to  find  water  tfll 
you  come  to  clay  ;  and  if  you  begin  with  clay,  you  can  hope  lac 
none  in  abundance  till  you  reach  to  sand,  gravel,  or  rock.  It 
is  necessary  that  the  farmer  should  attend  to  this  proeeu  sf 
nature  with  care,  in  his  practice  of  draining  bogs,  and  evciy 
species  of  damp  and  spouting  ground. 

DRAMA,  a  Poem  in  which  the  aetion  is  represented.  Te 
the  Greeks  we  owe  the  invention  of  both  forms  of  dranatk 
composition,  tragedy  and  comedy.  These  exhibitions  were 
extremely  simple.  The  action  was  continued  from  begiaaiag 
to  end,  without  pauses  or  intervals;  there  was  no  change  id 
scene;  and  the  attention  of  the  spectators  was  continiaDy 
occupied  by  the  actors.  The  modern  stage  gives  wider  scops 
to  the  imagination,  and  renders  the  strict  obserrance  of  tho 
unities  less  necessary.  The  introduction  of  paoses  by  the 
division  of  acts  justices  a  change  of  scene,  and  also  allows  a 
longer  extension  of  time,  without  any  violation  of  probahilitv. 
Thus  a  greater  range  of  subjects  for  dramatic  representation  a 
provided,  while  at  the  same  time,  as  the  obstmctions  of  art  art 
removed,  the  mirror,  if  we  may  so  express  ourselves,  hrrmam 
more  true  to  nature.  The  poet  may  so  construct  his  drama  aa 
to  lead  the  imagination  of  his  audience  along  with  him,  sad 
thus  may  pass  in  review  the  striking  events. 

DRAPERY,  in  Sculpture  and  Painting,  signifies  the  repie- 
sentation  of  the  clothing  of  human  figures,  and  also  hangiap^ 
tapestry,  and  curtains. 

DRASTIC,  in  Physic,  a  term  applied  to  medicines  which  aiv 
potent  in  their  operation,  particularly  cathartics. 

DRAUGHT,  in  Trade,  called  also  Cloff  or  Clough,  is  a  snail 
allowance  on  weighable  goods,  made  by  the  king  to  the  ia- 
porter,  or  by  the  seller  to  the  bu>er,  that  the  weight  may  hoM 
out  when  the  goods  are  weighed  again.  The  king  allows  1  Ibu 
draught  for  goods  weighing  no  less  than  1  cwt. ;  2  lb.  for  goods 
weighing  between  I  and  2  cwt. ;  3  lb.  for  goods  weigUsi 
between  2  and  3  cwt. ;  41b.  from  d  to  10  cwt. ;  7  lb.  from  10 
to  18  cwt. ;  91b.  from  18  to  30  cwt.  or  upwards. 

Draught,  the  depth  of  a  body  of  water  necessary  to  floats 
ship ;  hence  a  ship  is  said  to  draw  so  many  feet  of  water,  whet 
she  is  borne  up  by  a  column  of  water  of  that  particular  depth 
for  instance,  if  it  requires  a  body  of  water  whose  depth  is  eqail 
to  12  feet,  to  float  or  buoy  up  a  ship  on  its  surface,  she  it 
said  to  draw  12  feet  water;  and  that  this  draught  nay  be 
more  readily  known,  the  feet  are  marked  on  the  stem  asd 
stern-post  from  the  keel  upwards. 

DRAUGHT.HOOKS,  are  large  hooks  of  iron  fixed  on  fl» 
checks  of  a  gun-carriage,  two  on  each  side,  one  near  the  trss- 
nion-holc,  and  the  other  at  the  train,  for  the  convenience  of 
drawing  it  backwards  or  forwards. 

DRAWBACK,  in  Commerce,  an  allowance  made  to  ncr- 
chants  on  the  re-exportation  of  certain  goods,  which  in  soae 
cases  consists  of  the  whole,  in  others  of  a  part  of  the  datiei 
which  had  been  paid  upon  the  importation.  A  still  more 
equitable  arrangement  than  that  of  drawbacks,  is,  to  allow  thi 
merchant  who  imports  any  commodity  which  he  may  probaMy 
wish  to  export  again,  to  deposit  it  in  the  king's  warehoows, 
giving  a  bond  for  the  paj'ment  of  the  duties,  should  he  dispoio 
of  it  for  home  consumption.  This  is  called  bonding,  and  is 
allowed  to  a  considerable  extent. 

DRAWBRIDGE,  a  bridge  made  after  the  manner  of  a  door, 
to  draw  up,  or  let  down,  as  occasion  serves,  before  the  gate  of 
a  town  or  castle.    See  Bridge. 

DRAWING,  may  properly  be  defined  the  art  of  giving  a 
correct  outline  of  any  or  every  subject  which  has  existence  in 
nature ;  and  it  is  by  far,  very  far,  the  most  difiicult  part  in  the 
formation  of  a  picture.  A  correct  outline  will,  without  the 
assistance  of  any  kind  of  shade  or  colour,  convey  to  oar  minda 
the  most  accurate  idea  not  only  of  a  single  subject,  but  of  man} 
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II  •bjects  assembled  togetber,  §o  that  we  riiail  be  able  to 
!■•  ii  a  oorrect  likeaen  or  resemhlaaee  ofobfecU  faoiiUar 
or«f  others  which  the  miod't  Miveptioo  caa  eabrace  of 
s  wbirh  ba^e  nev^  previoiulj  paaied  before  iti  view, 
frem  assodalioa,  it  can  eoibodj,  faacy,  or  imagiae 


precise  tiaie  when  tUt  elegant  art  was  first  practised, 
t  now  he  aseertaiaed.  That  the  earliest  iahabitaats  of 
sorpassed  at  oae  period  all  other  nations  in  works  of 
I  well  as  in  literary  pursuits,  no  one  can  doubt  that  has 
open  the  historic  poifre.  The  reaiains  of  celestial  Thebes, 
ler  KMU  gates,  and  the  paintings  still  in  eaistence  upon 
of  the  walls  of  these  gigantic  monuments  of  the  genius  of 
r  acos,  are  a  convincing  proof,  that  the  Egyptians  eaeelled 
oderns  in  the  art  uf  fixing  colours.  While  the  paintings 
»re  modern  artists  fade  in  a  few  years,  and  assunM  the 
hoc  of  age,  theirs  retain  the  glow  and  brilliancy  of  youth 
jfh  the  course  of  ages.  But  their  finest  spooimens  of 
Bg  fall  far  short  of  the  beauty  and  correctness  of  design 
sir  successors  and  their  rivals.  The  Egyptian  outlines 
generally  speaking,  (though  there  are  some  exceptions, 
nbt,)  uncouth,  preposterous,  and  unnatural :  their  sculp- 
Uso  partook  of  these  defects  io  the  greatest  possible 
r ;  and  while  wc  gase  with  almost  speechless  amacement 
ir  stupendous  architecture,  and  their  ornamental  statuary 
adorns  it — while  we  look  with  astonishment  at  the  bril- 
'  of  their  coloured  paintings,  which  remain  unfaded  to  the 
at  day,  we  look  in  vain  for  that  fair  proportion,  beauty  of 
I,  and  accurate  skill,  which  characterise  the  less  stupen- 
works  of  later  artists. 

•ece,  immortal  Greece,  presents  os  with  many  remains  of 
:tion  in  sculpture,  but  her  paintings  and  her  drawings  have 
iato  that  gulf  which  alike  consames  the  works  of  the 
rw  and  the  proficient.  That  the  ancient  Greeks  excelled 
ntinf?,  as  well  as  sculpture,  many  are  the  records ;  but  no 
is  lert  of  the  works  of  Phidias,  and,  no  doubt,  of  many  other 
'ated  painters,  whose  works  were  cherished  aad  highly 
I  by  their  admiring  citisens.  Fancy,  or  imagination,  has 
the  merit  of  drawing  to  a  Grecian  lover,  sitting  b^*  his  mis- 
wbo  is  supposed  to  have  seiied  the  idea  of  retaining  her 
iblance  b^*  tracing  her  likeness  on  a  wall  upon  which  her 
m  fell.  Enchanted  with  the  thoughts  of  possessing  that 
,  would  be  to  him  an  inexhaustible  fond  of  happiness  and 
ire,  he  carefully  sketched  the  outline  of  that  face  he  so 
admired,  and  from  that  time  forward  practised  the  art 
awing  with  great  success,  opening  to  his  highly-gifted 
d  countrymen  a  source  of  perpetual  pleasure,  and  leading 
oally  to  the  cultivation  of  the  more  sublime  art  of  Sculp- 
Ils  origin  is  of  little  importance  ;  our  present  duty  is  to 
Jkmc  instructions,  or  general  rules,  to  those  who  wish  to 
it  cither  a  study  or  an  amusement 
i  first  class  of  drawing  is  undoubtedly  that  of  the  human 
;  the  most  ditlicult  to  excel  in,  and  when  done  well,  by 
«  most  beautiful. 

ndsoape  is  the  next  class,  and  this  should  include  all  sub- 
of  natural  history,  according  to  the  peculiar  character  of 
Miatry  or  scene  depicted.  Birds.  Beasts,  Fishes,  Insects, 
ilea,  and  Flowers,  present,  however,  individual  subjects  of 
to  attain  perfection,  which  requires  both  time,  labour, 
xpericnce. 

lAr  theory  of  all  these  different  minor  objects,  trivial  as 
nay  appear,  a  knowledge  of  Perspective  is  necessary, 
the  wings  of  a  butterfly  when  fl>ing,  and  the  feet  of  a 
[lillar  when  crawling,  must  he  placed  in  a  perspective 
for  the  insc'ct  either  to  fly  or  walk  properly.  This  kind 
rspective  is  not,  perhaps,  to  be  accoutred  so  much  by  rule 
eyc.--but  there  arc  certain  rif/««  which  may  be  pointed  out 
for  these,  as  necessary  to  give  them  an  appearance  of 
e.  Take  the  wings  of  a  butterfly,  which  close  perpendi- 
ly,  for  instance,  when  the  insect  is  in  a  quiescent  state. 
:  two  liaok  wings  were  not  drawn  a  Utile  lower  than  those 
I  are  nearest  to  the  spectator,  the  insect  would  strike 
*  eye  as  possessing  something  unnatural  in  its  construe- 
though  the  person  who  censored  the  performance  might 
e  able  to  point  out  the  defect  which  he  blamed, 
eon.  *  oatlioe  will  portray  a  oouataBance  so  accaratelyi 
90. 


that  the  likeness  may  Le  recognised  by  all  who  know  the  party 
represented.  Of  bow  much  importance  is  it  then  to  those 
who  wish  to  excel  in  this  delightful  art,  that  they  sbo«ld4avolr 
their  principal  atteation  to  drawing ;  and  first  of  all  we  wish 
to  assist  the  student,  by  laying  before  his  observation  those  rales 
and  proportions  which  lime  and  exporieaoe  have  pronounced 
infallible,  as  guides  to  excellence  in  this  em^hanting  art. 

The  Proper iions  mf  ikt  Uummn  Figure. — ^The  head  and  face 
form  the  «ra/e  by  which  the  figure  is  measarcd.  A  man's  height 
is  composed  of  seven  heads  and  a  half,  and  his  arms,  when 
extended,  should  measure  the  same  length  from  one  middle 
fingor  to  the  other.  The  head  should  be  of  an  egg-«haped  foiui, 
rather  than  an  oval,  as  shewn  in  the  Plate,  ^hrawin^,  fig.  fi.  No.  I 
and  2.  This  is  to  be  divided  into  four  ei^ual  parts,  the  e>rs 
falliag  upon  the  middle  line.  No.  I,  which  divides  it  into  the  half. 
See  tigs.  2  and  .3,  which  will  together  give  the  proportions  of 
every  part  of  the  body  ;  but  it  is  necessary  to  observe,  that  in  all 
these  proportions  some  respect  must  be  paid  to  the  obaracters  of 
the  figures  drawn,  and  that  there  is  a  difference  in  the  propor- 
tions of  a  man  and  a  woman,  must  be  evident  to  every  casual 
observer;  and  in  order  the  better  to  give  the  learner  a  correct 
idea  upon  the  subject,  we  shall  subjoin  a  table  of  the  propor- 
tions of  the  Apollo  Pythias  and  the  Venus  Aphrodites. 

Lenifth  of  the  Hend  mui  Trunk  if  ike  Body, 

APOI.I^).*         VtNfS. 
lU.Pu.  Mn.    if*.  Pii.MiL. 

From  the  top  of  the  head  to  the  bottom  of 

the  chin  4  parts,  or 1     0    0      I     0    0 

„  the  bottom  of  the  chin  to  the  top  of  the 

sternum  or  breast-bone 0     1     7      0    1     H 

„  the  top  of  the  sternum  to  the  pit  of  the 

stomach 0    3  10      0    3    6 

„  the  pit  of  the  stomarh  to  the  navel ....  0  2  10  0  2  7 
„  the  na\  el  to  the  pubis 0    3    6      0    3    11 

Length  of  the  head  and  trunk  of  the  body  3    3    0      3    3    6 

l^ngtk  of  ike  Lower  Exiremiiies, 
From  the  pubis  to  the  small  of  the  thigh 

abo\e  tiic  patella  or  knee-pan I    2    C      I     2    .1 

„  the  small  of  the  thigh  to  the  joint  or 

middle  of  the  knee 0     19      0     I     fi 

I,  the  joint  of  the  knee  to  the  small  of 

the  leg  al>ove  the  anele I     1    9      I    2    (* 

„  the  top  to  the  bottom  of  the  ancle 0    I    0      0    I    v 

„  the  bottom  of  the  ancle  to  the  bottom 

of  theheel 0    0    9      0    0    fi 

Length  of  the  lower  extremities 3    3    9      3    3    i'* 

Length  of  the  head  and  trunk  as  above. .  3    3    9      3    3    6 

Total  length  of  tlie  figures 7    3    6  7  3    o 

Length  of  ike  Fore  Arm^  or  Vpper  Exiremiiies. 

From  the  top  of  the  shoulder  to  the  elbow  12    3  12a 

„  the  elbow  to  the  hand 112  1  0    <» 

,,  the  joint  of  the  hand  to  the  root  of  the 

middletincir 0     18  0  16 

„  the  root  to  the  tip  of  the  middle  finger  U     I  10  0  17 

Length  of  the  upper  extremities 3    2  II       3     I   U» 

Breadth  between  the  outward  angles  of 

the  e\es 0  16  0     17 

„    of  the  face  at  thr  temples 3  2    2  O    2    'Z 

„    of  the  upper  part  of  tlte  neck 0  2    0  O     111 

„    over  the  shoulders O  0    0  I     3    H 

„    of  the  bo«ly  below  tSe  armpits I  2    A  lis 

„    between  the  nipplos 6  1     7  0    3    h 

„    from  the  bottom  of  the  chin  to  the 

horisontal  line  of  the  nipples  10    7  10     1 

„    of  the  body  at  the  small  of  the  waist  110  I     0    h 

„    over  the  loins,  or  os  ilium I  1    3  I     I     6 

„    over  the  haunches,  or  tops  of  the 

tliigh  bones 1  16  12    3 

„    of  the  thigh  at  the  top O  3    0  U    3     I 

„    of  the  thigh  below  the  middie 0  2    HI  U    2    7 

,,    of  the  thigh  above  the  knee 0  16  0    2    9 

3Q 
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APOUjO. 
H«.  Pu.  Mill. 

Breadth  of  the  leg^  below  the  knee 0  16 

,,    at  the  calf  of  the  leg 0  2    4 

,  ,    helowthecalf 0  17 

yy    above  the  ancle 0  12 

,y    of  the  ancle 0  1     4 

,y    below  the  ancle 0  1     U 

,,    middle  of  the  foot 0  1    4 

y,    at  the  roots  of  the  toes 0  1    7 

„    of  the  arm  over  the  biceps  muscle.  .018 

„    of  the  arm  over  the  elbow 0  16 

,y    of  the  arm  below  the  elbow  over  the 

long  supinator 0  I  10 

„    of  the  wrist Oil 

„    of  the  hand  over  the  first  joint  of  the 

thumb 0  19 

„    of  the  hands  over  the  roots  of  the 

fingers 0  17 

,y    over  the  heads  of  the  scapulas  or 

shoulder  blades 1  2    0 

Length  of  both  arms  and  hands,  each  of 
the  Apollo's  being  3  h.  2p.  11m.  and  the 

Venus  3  h.  Ip.  5  m 7  1  10 

Breadth  between  the  tips  of  the  middle 
fingers  of  each  hand  when  the  arms  are 

stretched  out  horizontally 8  3  10 

Side  View. 

Length  from  the  top  of  the  head  to  the 

shoulder 118 

„    From  the  top  of  the  shoulder  to  the 

loins  above  the  hip 13    8 

„    from  the  loins  to  Uie  lower  part  of 

the  hip 1  0    2 

,f    from  the  hip  to  the  side  of  the  knee, 

opposite  to  the  top  of  the  patilla.  .12    0 

,y  from  the  side  of  the  knee  to  the  bot- 
tom of  the  heel 2  0    6 

Length  of  the  figures 7  3    6 

Thickness  from  the  fore  to  the  back  part 

of  the  skull 0  3    6 

y,    from  the  rising  of  the  nose  to  the  tip 

of  the  ear 0  I     8| 

„    from  the  upper  part  of  the  neck ....  0  2    0 
„    from  the  breast  to  the  back  over  the 

nipples 10    6 

,,    from  the  belly  to  Uie  small  of  the  back  0  3    6 
„    from  the  belly  above  the  navel  to  the 

back  of  the  loins 0  3    9 

„    from  the  bottom  of  the  belly  to  the 

round  of  the  hip 1  0    0 

,,    from  the  fore  part  of  the  thigh  to  the 

bottom  of  the  hip 13    2 

9,    of  the  thigh,  at  the  middle 0  3    3 

„    of  the  thigh  above  the  knee 0  2    1 

y,    at  the  middle  of  the  knee  below  the 

patella 0  2    I 

M    of  the  leg  below  the  knee 0  1    9 

„    of  the  leg  at  the  calf 0  1    8 

y,    of  the  leg  at  the  ancle 0  1    6^ 

„    of  the  foot  at  the  thickest  part 0  0    0 

y,    length  of  the  foot 1  0    6 

,,    from  the  fore  part  of  the  bend  of  the 

foot  to  the  lower  and  back  part  of 

the  heel 0  0    0 

9,    of  the  arm  over  the  biceps 0  2    0 

„    overtiieelbow 0  1    6 

„    below  the  elbow 0  I    6 

„    at  the  wrist Oil 

,,    below  the  joint  of  the  wrist 0  1    6 

„    of  the  hand  at  the  roots  of  the  fingers  0  0    6| 

„    at  the  roots  of  the  nails 0  0    3i 


VEKUS. 

H«.Ptt.Min. 
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The  figure  of  a  child  has  been  divided  by  aititta  into  fbat, 
dye^  or  six  parts,  the  head  forming  one.  In  drawing  the  head 
of  a  child,  two  circles  are  formed,  a  larger  and  a  smaller  one^ 
as  in  fig.  7 ;  when  the  head  looks  ap,  Uie  lower  eireie  grows 
longer,  as  in  6g.  6 ;  when  it  looks  down,  it  recedes,  and  there- 
fore must  necessarily  diminish,  as  in  tg,  4.  Bat  these  propor- 
tions being  given,  some  few  observations  still  remain  to  be 
made.  In  figures  which  exhibit  great  strength  and  gigantic 
form,  as  the  Farnesian  Hercules  for  instance,  the  proportions 
are  not  always  exact.  The  length  of  the  foot  of  figores  in 
general,  is  given  as  one-sixth  of  the  figure  ;  but  in  the  Hercoles 
it  is  rather  more, — as  io  the  Venus  it  is  rather  lesa.  But  here 
judgment  must  be  called  in  to  aid  the  practitioner,  as  in  aumy 
other  respects  it  must  constitute  one  of  the  chief  assistants 
towards  perfection. 

The  head  of  the  human  figure  is  the  most  expressive  part  of 
it.    Every  other  member  may  indicate  some  one  passion, — the 
head  expresses  them  all.    Next  to  the  head,  the  hands  are  the 
most  eloquent  members,  and  they  give  double  effect  to  the  mean- 
ing of  the  countenance,  as  few  examples  will  convince  us,  tbia 
they  all  but  speak.  The  hands  clasped,  the  head  inclining  upward, 
this  attitude,whether  the  subject  be  standing,  kneeling,  or  sitting, 
instantly  conveys  to  our  mind  supplication.    The  bands  crossed 
upon  the  breast,  with  the  same  elevation  of  the  head,  denote  wrapt 
devotion  ;  the  hands  clasped  upon  the  breast,  and  the  l^eid 
declining,  denote  pious  resignation  and  submission.    With  die 
hands,  in  fact,  we  pray,  beseech,  reject,  invite,  dismisa,  im- 
plore, approve,  condemn,  &c. ;  but  the  varying  passions  of  tbe 
human  face,  the  rapid  workings  of  the  soul,  the  tumultoou 
feelings  of  joy,  love,  anger,  contempt,  hate,  disdain;  the  more 
compound  feelings  of  jealousy,  revenge,  &e.  these  can  only  be 
portrayed  by  the  face.    Art  may  happily  catch  some  of  these 
feelings,  varying  expressions,  but  she  can  express  but  ooe 
passion  at  the  same  moment.    Hence  the  painter  who  found  it 
impossible  to  depict  tbe  workings  of  a  father's  heart,  wbes 
Agamemnon  stood  by  the  altar  at  the  sacrifice  of  Iphigenia, 
covered  the  royal  mourner's  face  with  his  robe.    The  picture  of 
the  two  misers,  painted  by  the  blacksmith  of  Antwerp,  has 
most  happily  succeeded  in  expressing  anxiety  and  joy  at  tbe 
same  time  in  the  face  of  the  figure  which  is  looking  at  tbe 
spectator.    There  is  a  scintillation  in  the  eyes  which  bespeab 
his  joy  and  delight  at  the  riches  before  him,  but  his  couutenaaee 
is  nevertheless  wonderfully  expressive  of  bis  miserly  anxiety. 

Le  Brun  has  endeavoured  to  give  designs  of  all  the  passions, 
but  many  of  his  heads  upon  this  subject  appear  to  be  caries 
tures ;  at  any  rate,  tbe  total  distortion,  and   forced  TioleDee, 
which  every  feature  betrays  in  the  heads  designed  to  represent 
jealousy,  hate,  horror,  and  many  others,  are  undoubtedly  qdte 
overdrawn.    That  the  same  face  will  be  hardly   recogiuied 
when  tranquil,  to  be  the  same  when  under  the  workings  of 
violent  passion,  cannot  be  denied  ;  but  that  he  has  greatly  oat-^ 
stepped  nature  in  the  transformation  the  passions  make  m  th^ 
*  human  face  divine,'  is  equally  not  to  be  denied.    Yet  it  isno'^ 
our  intention  to  depreciate  the  abilities  of  Monsieur  Le  Brois  ^ 
but  merely  to  refer  the  student  to  the  study  of  nature,  in  pre-^ 
ferencc  to  the  models  he  has  left  of  the  passions.     In  exhibitin|^ 
tbe  passions,  it  is  also  necessary  that  the  whole  body  shoulSI 
bear  somewhat  of  the  same  character.     How  ridiculous  woulcS 
it  be  to  place  a  head  portraying  rage,  upon  a  body  in  a  quies-^ 
cent  state.     Besides  which,  rage  may  be  displayed  in  mor^ 
ways  than  one.    The  man  of  ungoverned  temper  throws  himseUtf 
into  a  thousand   extravagant  attitudes,    extends  his  arma«« 
makes  rapid  strides  towards  the  object  of  his  anger,  his  hc^ 
reddens,  Sec.     But  the  man  in  whom  rage  may  be  eqaall^ 
powerful,  but  who  at  the  same  time  has  acquired  some  degree^ 
of  self-command,  becomes  pale,  his  countenance  works,  hot  hi^ 
motions  are  rather  restrained  than  violent :  if  he  walks  his  step 
is  firm,  and  his  attitudes  more  terror-striking  to  the  mind  thav 
those  of  the  former,  who  excites  fear  for  our  immediate  pmemd 
safety  only.    Again,  the  position  of  a  man  under  the  effect  ol 
terror  and  affright,  may  be  depicted  in  more  ways  than  one 
Sometimes  fear  deprives  a  man  of  the  power  of  motion ;  some- 
times he  is  urged  to  precipitate  flight,  and  sometimes  he  fidb 
prostrate  to  the  ground.    The  expression  of  fear,  as  depicted 
in  the  cmtntenance,  should  agree  with  each  of  these  attitodee. 
There  should,  in  fact,  be  a  unison  in  the  whole  figure;  all 
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akoald  bo  bumoiijr :  aod  at  we  are  MiTroiuided  bj  human 
nature,  actuated  by  til  their  paMiont,  we  have  dow  only  to 
become  close  ubierfcn  of  what  paitei  arouad  ui.'to  acquire  a 
knowlcdtte  of  which  ii  iudiapenaatile  towards  the  attainpient  of 
that  excclleoee  which  cfer;  artist  Mbould  aspire  to,  and  which 
the  labours  of  the  most  Bfced  artiiti  ilill  Gad  cvadiof;  their 
|n«sp,  in  someone  shape  or  aoolher.  But  this  should  act  as  a 
■puT  to  the  joulhful  sludcDl,  rather  than  a  curb. 

Grace  is  another  point  of  material  and  tumlM  consequence 
for  a  beautiful  outline;  but  hereagaiiijud|;Dienl  must  be  called 
to  our  aid,  for  that  which  would  constitute  graet  in  a  Veaui, 
would  be  any  thing  but  jffflcf  if  fCiTen  to  Minerva.  The  atti- 
tude of  a  judjte,  an  orator,  may  be  graceful,  but  it  would  be 
folly  to  ttiink  fur  an  Inttant  that  their  altitude  should  resemble 
that  of  a  yuung  Esquimaux  Indian.*  In  the  former,  animated 
di|[iiity  would  constitute  grace, — in  the  latter,  roundness  of 
limb,  muscular  strength,  and  a  hf;ht  yet  Grm  altiiuilc,  agreeably 
to  the  pursuit  ht  was  following,  whether  running,  standing.  Etc. 
would  conililute  grace.  That  grace  of  motion  has  always 
been  considered  as  one  of  the  leading  characteristics  in  femule 
beauty,  we  have  the  lanclion  of  the  sweet  Mantuan  poet ;  in 
the  AUUth  line  of  the  first  book  of  the  £ncls,  he  say  s— 
■■  Agd  by  bir  grurrfml  rali ,  Ihr  <|u»d  of  lore  i<  knows." 

Beaoty  has  been  considered  merely  iileal.  That  it  is  so  partly, 
il  true ;  since  the  Negro  and  the  Chinese  dilfer  as  mueh  in 
their  ideas  upon  this  subject,  as  Ihey  do  with  the  Europcani, 
tjtA  other  Asiatics.  Yet  we  are  not  disposed  to  dispute  willi 
eitber  of  these  nations  the  palm  of  female  beauty  ;  the  iiroall 
dark  eyes  of  the  one,  and  their  fair  skin  and  crippled  feet,  or 
the  flat  nose  and  prominent  lips  of  the  other,  have  no  allrac- 
tioDS  for  us.  Every  nation  has  a  peculiar  east  of  countenance, 
and  the  most  beautiful  of  the  cast  forms  the  ilandarrt  national 
idea  of  beauty.  If  it  were  possible  to  place  a  beautiful  woman 
(ram  Italy,  S^ain.  France,  Uerm&oy.  England,  Holland,  Cir- 
duaia,  Oeorgia,  ti.c.  side  by  side,  we  should  be  amused  and 
enchanted  beyond  measure,  for  they  would  all  possess  a 
different  style  of  beauty,  yet  each  would  still  he  bcauti/kl.  The 
artist,  therefore,  who  intends  to  excel  in  historic  painting, 
abould  be  eonveriant  with  all  theie.  How  muth  the  ideas  of 
tbc  ancieoti  varied  respecting  beauty-,  may  be  seen  from  con- 
anltinic  their  works,  which  still  remain  to  us.  The  Venus  de 
Medicis,  Niobe,  Ariadne,  and  the  Antiniius,  are  matchless 
examples  of  beauty ;  yet  bow  different  are  they  1  The  ApoHu 
de  Belvidere  is  majesty  personified  ;  and  who  could  look  at  the 
bead  only  of  the  Farnesian  Hercules,  and  not  recognise  itrtngtk 
as  (be  leading  feature  of  the  whole  statue ! 

Costume,  too.  should  occupy  his  attention ~ev cry  part  of  his 
picture  should  harmoniic.  Even  when  designing  atones  from 
ancient  limes,  tbc  costume  and  nianneis  of  those  times  should 
'be  attended  to ;  for  ir  the  subject  is  worth  painting,  il  i*  surely 
worth  painting  well  and  aeeuralely.  Nothing  should  he  con- 
■idered  unimportant  which  can  illustrate  the  subject  intended 
tu  be  represented.  It  is  not  necessary  for  this  purpose  to 
crowd  the  design  with  a  multitude  of  inferior  ohircts  or 
nrnaiDCBts ;  but  when  sueli  things  are  introduced,  they  should  he 
io  eharacter.  Simplicity  of  style  partakes  often  of  the  sublime. 
To  paint  Cato  in  tinselled  robes  and  gew):a«s  would  be  indeed 
abiurd,  yet  there  are  subjects  in  which  it  would  he  equally 
absurd  to  oniii  them. 

T1.C  Miended  artixl  must  I>e  awnre,  that  before  be  can  draw 
■  whole  figure,  he  must  draw  each  feature  and  limb  separately, 
aad  (his  is  not  (o  be  slightly  done,  hut  from  the  best  desigits 
or  models  be  ean  procure,  with  the  greatest  attention,  till  be  is 
bniliarised  with  every  one  of  them.  The  hands  and  feet  are 
particularly  difficult,  and  require  an  infinity  of  practice :  per- 
haps indeed  perU'Clion  in  the  innumerable  forms  they  take. 
is  not  (o  be  acquired,  .'ic-ept  by  those  who  study  anatomical 
drawings.  This  is  but  lili!*  attended  to  by  beginoeri,  who  are 
iapatieol  to  draw  a  "  irkoir  Irngifi  jigurr !"  foolishly  imagining, 
that  because  they  can  makes  heap  of  
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noses,  misshapen  hands  and  feet,  &r.  they  are  fully  competent 
to  join  them  lugctlier,  and  hating  done  so.  they  produce  an  in- 
formed disgusting  ubjert.  which  in  fact  proves  they  are  but 
"  nature's  jiurncymen  who  had  ntode  men,  and  iHit  made  Iheni 
well,  they  imitated  huinaiiit>  so  nliomiunbiy."  This  should  be 
reformed  altogether.  I>r:iwlng  is  a  work  of  infinite  labour. 
Genius  may  shi-w  it.ii'lf  e»rly.  und  pti>diii-e  line  wild  ■kelebes, 
prophetic  of  what  niuy  be  iliinr  in  fiiliirc,  but  grniu*  alone 
without  study,  never  can  protlure  a  peifert  woik  ;  it  may  and 
will  sooner  ai-qu ire  perfection,  but  no  I'M'rIIence  beneath  the 
sun  is  to  be  Rtlaineil  without /n'Miur.  llii.sinnnul  tu- too  deeply 
impressed  upon  the  learner's  mind,  tt  would  be  advisable  as 
one  of  the  stepi  to  rrretliiiu  of  drawing,  tu  observe,  that  the 
pencil  in  iktlekiHi/  should  lie  held  nl  a  eri'aii  r  distance  from 
the  point,  than  h  pen  in  writing ;  and  indeed  longer  than  it  is 
neeessary  to  hidd  it  in  fininhing.  The  band.  In  sLetrbing  or 
drawing,  should  not  rest  on  theemls  of  the  two  last  finders,  as 
in  writing  1  but  it  shonld  not.  if  the  dtawliiE  is  laige.  touch  the 
paper  at  ull  in  maLiiig  the  nr>t  outline,  iind  the  palm  of  tlie 
hand  should  turn  upwards  nearly  :  in  siunllrr  diawings,  not  so 
much  so,  becaune  it  would  be  senrci-ly  po!>!>ili1e  to  Heady  the 
hand  sullicienily  tu  malic  minute  touches  uiihout  a  snppurt.t 
The  arli<t  should  stand  us  tnurh  as  (iosmMc  at  his  studies, 
because  slnndinic  is  mure  generally  ennilitrivc  to  health,  than 
sitting  anil  stooping  over  a  desk  for  ii  cotilinuatiou. 

The  maleriuli  for  draw  ing  are,  lead  pcneil  and  chalk-.  Indian 
rubber  should  be  used  as  little  as  ponsible,  for  two  reaiooi— 
in  the  first  place,  it  soils  llie  paper  when  too  frequently  applied 
to  it:  and  in  the  second,  it  eives  nn  idle  inrnricct  sttle  of 
drawing,  which  should  be  most  carefully  nvuidid.  The  Erst 
sketch  should  be  so  light,  that  the  last  correction,  and  il  should 
undergo  many,  should  ronceal  ilwholly.  Correct  subject* to 
copy  from,  and  fine  models,  are  imi  is  pen  sable. 

With  regard  to  the  shading  of  ligutes  witliont  colour,  two 
means  ate  ado'pted :  the  one  is  accomplished  tlius :  We  give  a 
round  object,  because  il  comprises  light.  Nhude,  and  reBeetioa, 
decidedly.  I.  Uf.Ut.  '2.  Shade.  3. 
KelWlirin.  If  the  eye  he  half  closed, 
these  thiee  will  lie  distinctly  observed 
upou  all  round  objects,  whethir  long, 
as  in  a  cylindrical  ruriii.  or  in  a  globe, 
or  on  a  wouihii'i  arm,  the  roundnes* 
(•f  wliii'h  i:i  nut  inlermptcd  by  strong 
museular  linen.  Care  shnuld  be  taken, 
lh:>l  llie  lines  foiiiiing  a  >1>niluw  do  not 
make  HqiiHris,  ttiua,  — bul  rather  thus. 


whirh  lines  hnrniniiicr.  nnd  do  mil  olTend  the  eye,  forrt' 
dniwing  hook  gives  excelleiil  spriiiiiens  of  this  shading,  and  the 
engravings  are  exaelrepresent.ilions  of  what  jieueil  and  chalk 
shading  ikould  he.  unlens  lliey  are  >urtened  with  a  rlHiii;i.  The 
stump  is  piinripallv  applied  to  chnik  drawing  upon  coloured 
paper.  While  chalk  is  then  uheil  to  mark  those  prominent 
parts,  which  upon  white  paper  would  he  Urt  untonehed. 

As  the  student  advances  in  bis  sliidirs,  he  will  find  pteasutc 
increase,  and  it  is  very  seldom  that  the  diligent  and  skilful 
remain  in  obseority,  when  (hey  liaiu  ailaini-d  to  a  eertaiu 
degree  of  excellence  ;  but  he  should  be  content  to  be  unknown 
till  that  periiid  ariives.  Diligently  and  secretly  he  must  work 
bis  «  ay.  till  he  feels  be  may  venture  before  a  judicious,  disccriK 
ing,  enlightened  public. 

With  regard  to  Landscape  Drawing,  its  foundation  is  per- 
spective, (/re  PKNsri  CTIVF.)  and  its  eolouiinK  must  be  drawn 
from  nature,  {in  Psistimi.) 

In  drawing  Flowers,  the  leamcT  should  copy  Grit  of  all  fr»m 

bat  (till  w(  ibnuld  fucy  •■  Iroqaoi*,  or  dsadiia  ladisa,  annt  tb«  ■•4*1 
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h  iprig  <yf  Uuwl  feiivet,  as  ^h^  most  titople  in  tfa«ir  foitiiaticm, 
and  Uiehr  dee  reMiriag  g^eat  freedom  ita  Yhe  «se  of  the  |»encil. 
Indeed,  it  wonld  be  an  advaotafre  lo  f/mctise  for  some  time 
mere  lines  of  lAin  descfripUoa,  slace  a  eGMbiiitflioB<of  tkom  iti 


varioas  ways  will  be  found  to  phnltrce  most  of  : the  objects 
which  surround  ns,  that  are  not  oomposed  of  straijfht  lines. 

Numeroas  have  been  the  plans  adopted  by  difierent  artists 
to  produce  a  brilliancy  df  effect  in  flowers.  Some  colours  can 
only  be  procured  by  distillation ;  but  in  this  the  be|;inner  most 
use  his  own  powers  of  discrimination.  Body  colours  for  the 
leaves,  ha^e  been  frequently  and  strongly  recommended,  but 
body  colour  is  not  essentially  and  absolutely  necessary,  (of 
coarse  we  are  speaking  of  water  colours.)  It  is  possible  to 
produce  the  most  accurate  resemblance  of  nature  by  common 
water  colours,  but  tfaen  this  perfection  must  be  attained  by 
repeated  attempts  from  nature;  and  flowers  should  be  always 
placed  in  the  sun  when  they  are  copied,  because,  as  it  is  next 
to  impossible  ever  to  give  the  brilliancy  of  some  flowers,  (except 
in  oil  painting,)  the  stronger  the  Hgkiy  and  shade,  and  colour 
are  in  nature,  at  the  moment  the  object  is  copied,  the  greater 
probability  will  there  be  that  the  drawing  will  be  efi'eotive, 
than  if  deprived  of  these  aids.  White  paint  upon  white  flowers 
should  be  used  sparingly ;  fine  common  chalk  nicely  pulverized 
with  a  little  gum  water,  constitutes,  perhaps,  one  of  the  best 
dnd  roost  permanent  white  paints.  Newman's  *' Constant 
Wliite"  is,  however,  an  excellent  artidle,  bdt  the  OVdlnai^ 
**'flakc  whites,"  tco.  all  torn  black  in  time. 

A  perfect  knowledge  of  colour  can  only  be  obtained  hy 
practice  and  the  study  of  nature.  Repetition  day  after  >daiy  of; 
the  effect  of  the  different  colours  when  mixed,  and  the  uses  to ! 
which  they  may  be  applied,  will  give  the  rising  artist  that,  i 
*which  will  in  the  end  constitute  an  original  and  natural  style  > 
of  colouring.  But,  as  it  is  supposed  no  beginner  would  pre-  j 
sdme  to  decide  against  the  opinion  of  those  whose  instmctions  \ 
he  is  receiving,  the  above  remarks  are  not  intended  to  set  the ; 
pupil  in  opposition  to  his  master,  but  merely  to  impress  npon 
the  ndind  of  the  student,  that  to  an  artist's  eye,  every  flower  that 
blows,  the  largest  or  the  smallest  objects  whieh  surround  him,  '• 
whether  a  majestic  tree  or  the  smallest  flower,  whether  a  purl- 1 
ing  stream,  a  foaming  torrent,  a  stagnant  pool,  or  even  the  '■ 
loluute  drop  of  glistening  dew  which  trembles  on  the  morning  • 
rose, — these,  and  millions  of  other  objects.  Should  be  to  him,  \ 
not  only  sources  of  pleasure,  but  of  intense  attention  and  re- ; 
flection.  ! 

Let  him  rise  with  the  sun,  and  see  how  difl'erent  the  scene  I 
of  a  lovely  landscape  is,  when  the  first  roey  tints  of  morning  ap-! 
pear — let  him  watch  the  varying  hues  which  succeed  as  the! 
vapours  disperse  and  the  golden  orb  advances — let  him  ob- : 
serve  the  ttxllnett,  the  freshness  of  this  season,  and  let  him. 
contrast  it  with  the  eflects  of  a  noon-day  sun— then  let  him  see  \ 
the  glorious  orb  sinking  in  golden  purple  floods  of  radiance. 
Still  let  him  watch  till  the  moon's  pale  beams  throw  her  silvery 
lustre  over  the  same  sweet  landscape,  and  let  him  mark  the 
difl'erent  effect  of  the  same  objects,  in  the  same  summer  day! 
and  view  them  again  when  the  stormy  clouds  presage  a  tempest. 
Let  him  do  this  to  the  end  of  tlic  chapter,  and  the  youthful 
aspirant  may,  in  time,  become  the  renowned  and  celebrated  - 
artist.  Whatever  class  of  drawing  or  painting  the  artist  chooses, 
Nature  must  still  be  his  model,  if  he  would  attain  perfection. 

DREAMS  have  been  described  as  the  imaginations,  fancies, 
or  reveries  of  a  sleeping  man,  and  they  are  said  to  be  dedncihle 
from  the  three  following  causes:  1.  The  impressions  and  ideas 
lately  received,  and  particularly  those  of  the  preceding  day. 
2.  The  state  of  the  body,  particularly  the  stomach  and  brain  ; 
and,  3.  Association.  A  Mr.  Andrew  Carmichael  has  started  a 
very  ingeaions  theory  of  dreaming.  He  enumerates  no  less 
than  seven  different  states  of  sleeping  and  waking:—!.  When 
the  entire  brain  and  nervous  system  are  boried  in  sleep;  then 
there  is  a  total  exemption  from  dreaming.    2.  When  some  of 


tlie  mental  cirgaM  tore  aiMike,  imd  all  tbe  wnMH  iMi  mieej^  ? 
then  dreams  occur,  and  seem  to  %e  reaKtiea.  9.  Wlras  w 
above  condition  ovists,  and  the  nerves  of  velumaipf  ttcMkNi  «re 
also  In  a  state  of  wakefulness ;  then  may  oceor  the  tare  tteoa- 
nvenon  of  somnantbolism.  4.  When  one  *of  the  wenwtB  ia  awtricie, 
with  some  of  the  mental  organs ;  then  we  may  be  conscious, 
during  our  dream,  of  its  illasory  nature.  6.  When  some  (Of  the 
mental  organs  are  asleep,  and  two  or  more  senses  awake ;  then 
we  can  attend  to  external  impressions,  and  notice  the  gradual 
departure  of  our  slumbers.  6.  When  we  are  totuHy  mwake« 
and  in  full  possession  of  all  our  facuktes  and  powers.  7,  When 
Under  these  circumstances  we  are  so  occupied  with  mental 
operations  as  not  to  attend  to  the  impressions  of  WLternal 
objects ;  and  then  our  reverie  deludes  us  Nke  a  dream. 

DREDGE,  a  kind  of  drag  used  with  a  long  rope  to  catch 
oysters  in  deep  water. 

DRESSING  OF  Ores,  the  breaking  and  powdering  them  Id 
the  stamping»mill,  and  afterwards  washing  them  in  a  wooden 
trouprh. 

DRIFT,  in  Mining,  a  passage  dug  under  the  earth,  betwiit 
shaft  and  shaft,  or  turn  and  turn ;  or  a  passage  or  way  wrouglt 
under  the  earth,*  to  the  ^nd  of  a  meer  of  ground,  or  part  oft 
meer. 

Drift,  the  angle  whieh  the  line  of  a  ship's  motion  makes 
with  the  nearest  meridian,  when  she  drives  with  her  side  to  the 
winds  and  waves,  and  is  not  governed  by  the  power  oT  the 
helm.  It  also  implies  the  distance  which  the  ship  drives  on 
that  line.  A  ship's  way  is  only  called  drift  in  a  storm,  sad 
then  when  it  blows  so  vehemently  as  to  prevent  her  from  cann- 
ing any  sail,  or  at  least  restrain  her  to  such  a  portion  of  sail  «f 
may  be  necessary  to  keep  her  sufficiency  inclined  io  ose 
side,  that  she  may  not  be  dismasted  by  her  violent  lahonray, 
produced  by  the  turbulence  of  the  sea. 

DRILL,  in  Mechanics,  a  small  instrument  formakiag  iiub 
•holes  as  cannot  be  done  with  punches. 

Drill,  or  Drill-box,  a  name  given  to  an  instrument  for  sow- 
ing land  in  the  new  method  of  horse-hoeing  husbandry.  Brill 
sowing  is  a  method  of  sowing  grain  or  seed  of  any  kind,  solhit 
It  may  all  be  at  a  proper  depth  in  the  earth,  which  is  aeoeissi^ 
to  its  producing  healthful  and  vigorous  plants.  For  this  psr- 
pose  a  variety  of  drill  ploughs  have  been  invented  and  reeoBk 
mended :  but  partly  from  the  expense  attending  the  purebme, 
partly  from  the  complication  of  their  structure,  and  .partly  inm 
the  attachment  of  the  illiterate  farmer  to  long  habits,  theK 
schemes  for  diminishing  labour  have  not  reeeived  the  easM- 
rageraent  to  which  they  are  entitled. 

DRIVING,  in  the  Sea-Iangoage,  is  said  of  a  ship  whes  an 
anchor  being  let  fall  will  not  hold  her  fast,  nor  prevent  hit 
sailing  away  with  the  tide  or  wind. 

DROMEDARY,   or    Arabian    Cahbl,   is    distingoisbable 
from  every  othe/  species  of  camel  by  having  a  single  baaoli^ 
upon  the  middle  of  its  back.    This  animal,  which  is  a  native  9^ 
many  of  the  deserts  of  Asia  and  Africa,  is  of  a  tawny  grt^ 
colour,  and  has  soft  hair,  which  is  longer  on  the  neck,  ondr^ 
the  throat,  and  on  the  bunch,  than  elsewhere.    The  Arabia^ ' 
like  all  other  species  of  camel,  lias  its  upper  lip  cleft,  and  it-^ 
feet  with  two  long  hoofs,  on  which  it  treads,  and  two  other  '^ 
shorter,  which  do  not  touch  the  ground.    These  animals  e>m^' 
stitute  the  principal  source  of  riches,  and  the  whole  force  oui^ 
security,  of  the  Arabians.    They  are  the  only  beasts  by  whic^ 
the  inhabitants  of  the  sandy  deserts  of  many  parts  of  Asia  eodi^ 
travel  or  convey  their  burdens.    The  caravans  of  -merchant^ 
which  traverse  in  all  directions  the  desertH  of  Egyptand 
are  accompanied  by  camels,  that  are  often  more  in  uui 
than  the  men.    These  commercial  travels  are  sometimes  to 
distance  of  700  or  800  leagues,  and  are  usoally  performed  0>-^ 
the  rate  of  ton  or  twelve  leagues  a  divy,  the  camels  being  oveCT 
night  unloaded  to  rest  and  feed.    The  burden  of  each  oamr/ 
usually  weighs  about  half  a  ton,  and  at  the  command  of  hi* 
conductor  he  kneels  down,  for  the  greater  coovenioBoe  of  bei^r 
loaded.    The  pace  of  the  camel  is  a  high  and  swinging  trot, 
which  to  persons  unaccustomed  to  it  is  atflrst  disagreeiable  and 
apparently  dangerous,  but  is  afterwards  sufficiently  pleaaait 
and  secure.    The  Arabians  in  general  ride  on  «  aadiiio  thatii 
hollowed  in  the  middle,  and  has  at  each  bow  a  »pie«n  4if  woad 
placed  upright,  or  sometimes  horizontally,  by  which  the  rider 
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kt»ep9  himself  in  the  seat.  A  rioK  is  inserted  Into  the  nostrils 
of  the  camel,  to  which  a  cord  is  affixed;  and  this  serves  as  a 
bridle  to  f^oide  and  stop  him,  or  to  make  him  kncrl  when  the 
rider  wishes  to  dismount.  In  the  caravans  of  one  of  the  Ahys- 
ainian  tribes,  the  people,  armed  with  javelins,  sometimes  ride 
two  together  on  each  camel,  and  sit  back  to  back. 

The  camels  of  Sahara  are  probably  more  fleet  thnn  any  that 
are  known ;  and  on  these  animals  the  Arabs,  with  Iheir'loins, 
breast,  and  ears  boond  round,  to  prevent  the  injurious  cirerls 
of  percussion  from  the  qnickness  of  motion,  can  cross  tlini 
Kreat  desert  in  a  few  days.  With  a  goat's  skin  or  a  porous 
earthen  pitcher  6lled  with  water,  a  few  dates,  and  some  f^round 
barley,  the  Arab  travels  from  Timbuctoo  to  Morocco,  fcediiifc 
his  camel  but  once  upon  the  road.  In  one  instance  a  camel 
was  known  to  travel  from  Fort  St.  Joseph,  on  the  river  Sene- 
gal, to  the  house  of  Messrs.  Cabane  and  I>cpras  at  Mo^ador,  a 
distance  of  more  than  ICHM)  miles,  in  seven  days. 

The  A«ir,  or  fleece,  of  these  animals,  which  is  renewed  every 
year,  and  which  regularly  falls  ofl'  in  the  sprin};,  is  so  soft,  that 
the  finest  parts  of  it  may  be  manufactured  into  stuff's  of  beauti- 
ful texture;  and  in  Europe,  when  mixed  with  the  fur  of  the 
beaver,  it  is  sometimes  made  into  hats.  The  inhabitants  of 
some  parts  of  Sahara  live  in  tents  of  woven  camel's  hair,  wliirb 
forms  a  thick  covering  completely  water-proof.  After  the  hair 
has  been  stripped  off,  the  skin  is  converted  into  leather.  In 
Arabia,  the  milk  of  the  eaniel  is  a  most  important  article  of 
Dotrinient ;  and  the  flesh,  though  dry  and  hard,  is  not  unpalat- 
able, particularly  when  young.  Ky  the  inhabitants  of  Kgypt 
this  is  so  much  esteemed,  that,  in  Cairo  and  Alexandria,  it  was 
formerly  forbidden  to  be  sold  to  the  Christians.  In  many  parts 
of  Africa  the  tongues  are  salted  and  dried,  both  fur  use  and  ex- 
portation ;  and  with  the  ancient  Romans  the  heels  of  camel? 
were  eaten  as  a  great  delicacy. 

7^e  Bactrian,  or  Two-hunched  Came!,  is  known  from  the 
Arabian  species  by  having  two  bunches  on  its  back,  by  being 
somewhat  larger,  and  having  shorter  legs.  This  animal  is 
found  in  I'sbec  Tartary,  the  ancient  Hactria:  it  is  likewise  a 
native  of  Siberia,  Thibet,  and  some  parts  of  China.  The  pur- 
poses to  which  the  Bactrian  enniel  arc  n|)plied,  are  the  same  as 
those  already  descrilied  respecting  the  Arabian  species.  These 
animals,  however,  are  sufliciently  liardy  to  sustain  the  climate 
uf  the  temperate  parts  of  Siberia,  and  tf>  be  able,  without  in- 
jury, to  traverse  even  humid  and  marshy  countries,  which  would 
soon  prove  fatal  to  the  Arabian  camel. 

DRDNE,  in  Music,  the  largest  tube  of  the  bagpipe;  the 
oflire  of  nhich  is  to  emit  one  continued  deep  note,  as  an 
accompanying  bass  to  the  air  or  tune  played  on  the  smaller 
pipes. 

DROPS,  in  Meteorology,  small  spherical  bodies  which  the 
panicles  of  lluids  spontaneously  form  themselves  into,  when 
let  fall  from  nny  height.  This  spherical  figure,  the  Newtonian 
philosophers  demonstrate  to  be  the  effect  of  corpuscular 
attractitin. 

DROPSY,  in  Medicine,  an  unnatural  collection  of  watery 
hamours  in  any  part  of  the  body. 

DROWNING,  signifies  the  extinction  of  life  by  immersion 
in  water.  Various  plans  for  the  recovery  of  drowned  prrsons 
have  been  given,  but  the  most  tried  and  approved  is  that  uf 
the  Riiyal  Humane  Society,  as  follows: 

I.  When  the  patient  is  tHken  out  of  the  water,  the  wet 
clothes  should  be  taken  off  with  iHI  possible  expedition  on  tlir 
■pot  (unless  some  convenient  house  is  near,)  and  a  great  coat 
or  two,  or  some  blankets,  wrapped  round  the  body. 

Z  The  patient  is  to  be  carefully  conve>ed  in  the  arms  of 
three  or  four  men  io  the  nearest  house,  where,  if  in  the  winter 
season,  a  gcK>d  lire,  and  a  warm  bed.  eau  be  uKide  ready  for  its 
reception.  As  the  body  is  eonvc^^ing  to  this  place,  great 
attention  is  to  be  paid  to  the  position  of  the  bend  ;  uhieh  must 
be  kept  supported  in  a  natural  and  easy  posture,  and  not 
suffered  to  hang  down. 

X  Id  cold  or  moist  weather,  the  patient  is  to  be  l.iid  on  a 
mattress  or  bed  before  the  tire,  but  not  too  near,  or  in  a  mode- 
rately heated  room;  in  warm  ami  sultry  weather,  on  a  bed 
onl).  The  body  is  then  to  be  wrapped  as  expeditiously  as 
pi>«sible  with  a  blanket,  and  thoroughly  dried  with  warm  coarse 
cloths  or  flannels. 


4.  In  sommer  or  sultry  weather,  too  much  air  cannot  l>e 
admitted.  For  this  reason  it  will  be  necessary  to  set  open  the 
windows  and  dmirs. 

5.  Not  more  than  six  persons  are  to  lie  present  to  apply  the 
proper  means ;  a  greater  number  will  be  useless,  and  may  pre- 
vent the  restoration  of  life,  by  rendering  the  air  of  the  apart- 
ment unwholesome. 

iU  It  will  be  proper  for  one  of  the  assistants,  with  a  e^immon 
pair  of  bellows,  applying  the  pipe  a  little  up  one  nostril,  lt» 
blow  with  force,  to  introduce  air  into  the  lungs ;  at  the  same 
time  the  other  nostril  and  the  mouth  are  to  be  closed  by  another 
assistant,  while  a  third  person  cently  presses  the  vhv%X  with 
his  hands,  after  the  lungs  are  inflated.  If  the  pipe  of  the  bel- 
lows is  too  large,  the  air  may  be  blown  in  at  the  mouth,  the 
nostrils  being  closed,  so  that  it  may  not  escape  that  way. 

7.  Let  the  body  be  gently  rubbed  with  flannels,  sprinkled 
with  spirits.  \  warming  pan  heated  (the  body  being  sur- 
rounded with  flannel)  may  Iip  lightly  moved  up  and  down  the 
back.  Fomentations  of  hot  brandy  are  to  be  applied  to  the 
pit  of  the  stomaeh,  loins,  &c..  and  often  renewed.  Bottles 
filled  with  hot  water,  heated  tiles  covered  with  flannel,  or  hot 
bricks,  may  be  applied  to  the  srdes  of  the  feet,  palms  of  the 
hnnd.  and  other  parts  of  the  body.  The  temples  mn>  be  rubhcd 
with  spirits  of  hartshorn,  and  the  nostrils  now  and  then  tickled 
with  a  feather;  and  snuff,  or  eau-dc-luce,  should  be  oee:«- 
sionally  applied. 

H.  Tobacco-fumes  should  be  thrown  up  the  fundament :  if  a 
fumigator  is  not  nt  hand,  a  common  pipe  may  answer  the  pur- 
pose. This  operation  should  be  frequently  performed,  f(»r  the 
good  effects  of  this  process  have  been  experienced  in  a  variety 
of  instances.  Hut  should  the  applieation  of  tohnceo-sninke  in 
this  way  not  be  immediately  convenient,  or  other  impediments 
arise,  clusters  of  this  herb,  or  other  acrid  infusiouii  with  .salt, 
&c..  may  be  thrown  up  with  advantage. 

t).  When  these  means  have  been  employed  a  consideruMe 
time  without  success,  and  a  brewhou.se  is  near,  or  a  warm  b;ith 
can  be  readily  obtained,  the  body  should  be  carefully  convened 
to  such  place,  and  remain  in  the  bath,  or  surrounded  with 
warm  grains,  for  three  or  four  hours.  If  a  child  has  been 
drowned,  its  body  should  be  wiped  dry,  and  placed  in  bed 
between  two  healthy  persons.  The  salutary  effects  of  the 
natural  warmth,  conveyed  in  this  manner,  have  been  proved  iu 
a  varietv  of  ca^es. 

UK  While  the  various  methods  of  treatment  are  employed, 
the  body  is  to  be  shaken  every  ten  minutes,  to  render  the  pri>- 
cess  of  animation  more  suecesshd ;  and  ehildien  arc  to  Ik- 
much  agitated,  by  taking  hold  of  their  leirs  and  arms  frequently 
and  for  some  time. 

11.  If  there  are  any  signs  of  returning  life,  a  spoonful  •  f 
warm  liqnid  may  be  given;  and  if  the  act  of  swallowing  can  !••• 
performed,  a  cordial  of  \iarm  brandy  or  wine  may  be  given  ;ii 
small  quantities,  and  frequently  repeated. 

12.  Eleetricity  may  be  tried  by  the  Hkilful,  as  its  application 
neither  prevents  nor  retards  the  various  modes  of  reeuvery 
already  recommended:  but,  on  the  other  hand,  it  will  i\ui>i 
probably  fend  to  render  the  other  nutans  employed  more  ex- 
peditiously cfficaeinus. 

The  methods  whieh  have  been  described,  are  to  l»c  emplo\rd 
with  vigour  for  three  hours  or  upwards,  although  no  favunrtiiir 
circunistances  should  arise ;  for  it  is  a  dangerous  error  to  sup. 
pose  that  persons  are  irrecoverable,  because  life  does  not  soun 
make  its  appearnnee.  HIecding  is  never  to  be  employed  un- 
less bv  direction  of  a  medieal  person. 

Dltl'tf,  a  general  term  for  goodn  of  the  druggist  rind  sro. 
cerv  kinds,  especially  for  those  used  in  medicine  and  fUciii;:. 

DKl'titSET.  in  Commerce,  a  stuff  sometimes  all  wxd.  :irid 
srunetimes  half  wool,  half  thread  ;  it  is  either  curded  or  plain. 

1>KI  IDS,  the  pricKts  or  ministers  of  religion  of  the  aneicnt 
li  itons  and  Gauls.  The  druids  were  eliosen  out  of  the  lie-m 
families  ;  and  were  held,  both  by  the  InmiMirs  of  their  birth  anil 
their  ofliee.  in  the  greatest  veneration.  They  are  siiid  to  ha\e 
understood  astrobigy,  geometry,  natural  history,  pulitics,  and 
geography  :  they  had  the  adniinistrati(»n  of  saered  things,  wire 
the  expouutlers  of  religion,  and  the  judires  officii  ntfairs. 

DRt'M,  a  martial  musical  instrument  in  form  of  a  cylinder, 
hollow  within,  aivt  covered  at  tlie  two  ends  with  vellum,  which 
A  u 
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▼egetable  matter,  ^beiiii  bak^^  dpbt^ii^  of  \Min%  tolerHbly 
dry,  bat  in  general,  Is  a'j^pTfed  tliXj  {(V'tinibef  wh^  in  that  state, 
and  is  so  named  in  ebtatradijitinction  to  the  ccfminon  mode  of 
decay,  bj  being  exposed  to  tbe  alternate  states  of  wet  and  dry. 
Tbere  are  a  great  number  of  canses  for  this  species  of  decay : 
some  are  qnite  simple ;  others  yery  complicated ;  yet  whateyer 
may  be  the  original  caase,  simple  or  compoand,'  tbe  effects  are 
tbe  same,  namel?,  to  render  the  timber  nseless,  by  destroying 
its  elasticity  and  toughness,  rendering  it  insnfficiont  to  resist 
any  considerable  pressore,  and,  indeed,  for  any  of  the  nsefnl 
purposes  to  which  timber  is  applied.  When  timber  is  in  a 
tolerably  dry  state,  any  means  which  will  absorb  or  extract  its 
oxygen  from  the  other  component  parts  will  leave  it  in  the  state 
commonly  called  dry-rotten.  Moist,  warm  situations,  with  little 
or  no  current  of  air,  are  the  most  likely  to  generate  this  evil. 
The  effluvia  from  timber  in  such  a  state  of  decay  will  rapidly 
carry  its -effects  to  the  circumjacent  timber,  however  dry  it  may 
appear,  and  any  sort  of  timber  will  be  in  a  very  little  time  ren- 
dered quite  useless.  When  timber  is  exposed  to  any  consider- 
able degree  of  moisture  and  heat,  (\ingi  of  various  shapes  and 
texture,  according  to  the  species  of  timber,  and  other  causes, 
will  appear  upon  it;  and  although  this  fungous  matter  be  really 
an  effect  of  the  dry-rot,  yet  it  is  as  truly  a  cause  of  the  same 
evil.  There  are  no  possible  means  of  restoring  rotten  timber 
to  a  sound  state,  and  the  dry-rot  can  only  be  cured,  as  it  is 
called,  by  removing  the  decayed  and  affected  parts,  clearing 
away  all  the  fungi,  and  destroying  its  vegetating  principle, 
vrith  which  the  hard  materials,  such  as  bricks  or  stone,  may 
have  been  impregnated.  For  this  purpo&e,  a  strong  solution  of 
iron,  copper,  or  zinc,  is  used  with  advantage.  This,  with  the 
admission  of  a  large  quantity  of  air,  is  very  advantageous. 
Many  persons  have  written  on  the  subject,  and  the  nostrums 
proposed  are  as  numerous  as  their  authors.  Timber  once  in- 
jured cannot  be  restored;  but  the  evil  may  be  stopped  by 
removing  the  corrupted  and  contagious  matter,  and  by  the 
admission  of  a  free  oirculation  bf  air.  Much  also  may  be  done 
by  cutting  timber  in  winter,  and  properly  seasoning  it  by  steep- 
ing it  in  water  for  some  time,  and  then  thoroughly  drying  it 
before  it  is  used  in  building. 

DUCAT,  a  coin  current  in  Germany,  and  other  countries 
abroad.  In  Germany,  Italy,  and  Holland,  it  is  of  the  value  of 
about  9<.  Sd. ;  the  ducat  of  Naples  is  3f.  4d. ;  that  of  Florence 
or  Leghorn,  5t,  4d, ;  the  gold  ducat  of  Portugal  is  £6.  I5t. 

DUGATOON,  a  coinage  in  Holland  and  Flanders ;  in  the 
former  country  its  value  is  5s,  Sd,  and  in  the  latter  5s,  2\d. 

DUCHT  COURT,  a  court  of  the  duchy-chamber  of  Lan- 
caster, held  at  Westminster  before  the  chancellor  of  the  same, 
for  matters  concerning  the  lands  and  franchises  of  that  duchy. 
The  proceedings  in  this  court  are  by  English  bill,  as  in  chan- 
cery. Gwyn  says,  that  this  court  grew  out  of  the  grant  of  king 
Edward  III.  who  gave  the  duchy  to  John  of  Gaunt,  and 
endowed  it  with  royal  rights  and  privileges  ;  several  others  of 
our  ancient  kings  likewise  separated  this  duchy  from  the 
crown,  and  settled  it  in  the  natural  persons  of  themselves  and 
their  heirs ;  though,  in  succeeding  times,  it  was  united  to  the 
crown  again. 

DUCTILITY,  the  extensibility  and  cohesion  of  particles, 
which  enables  metal  to  be  drawn  into  wire  without  breaking. 
There  is  but  a  shade  of  difference  between  this  property  and 
that  of  malleability.  The  ductility  of  some  bodies,  especially 
of  gold,  is  very  surprising :  the  gold-beaters  and  wire-drawers 
Aumish  us  with  abundant  proofs  of  this  property  ;  they  every 
day  reduce  gold  into  lamellae  inconceivably  thin,  yet  without 
the  least  aperture  or  pore  discoverable,  even  by  the  micro- 
scope ;  a  single  grain  of  gold  may  be  stretched  under  the  ham- 
mer into  a  leaf  that  will  cover  a  house,  and  yet  the  leaf 
remain  so  compact  as  not  to  transmit  the  rays  of  light,  nor 
even  admit  spirit  of  wine  to  transude. 

But  M.  Reaumur  has  carried  the  ductility  of  gold  to  a  still 
mater  extent  What  is  called  gold-wire,  every  body  knows, 
%B  only  a  silver  one  gilt.    The  cylinder  of  silver,  covered  with 


fM  gold,  ibey  draw  fliroogb  the  bole  of  an  inm,  and  the 
nldis^  iWtt  t«e|^i  Mce  «HtH  Hie  wire; '  streteh  it  to  wfamt  iengtb 
tbey  oao.  Now  Mi  Reaumur  sbew^  that  in  Hie  comnw  way 
or  drawing  gdd  wire,  a  ej^der  or  direr  twenty-<wo  in^eg 
lon^,  and  fifteen  lines  intdinmeter, is  stretished  to  UlfajBOOhtft, 
or  is  634,e92  lines  longer  than  before,  wbicb  amounts  to  abovC 
ninetv-seven  leagues.  To  wiitid  tbis  thread  on'siik  ^  me,  th^ 
first  flatten  it.  In  doing  which  it  stfetebes  at  least  one-aeTenn 
farther,  so  that  the  twenty-two  inches  are  now  111  ieagrns; 
but  in  the  flattening,  instead  of  one-Seventh,  they  eonld  streteh 
it  one-fourth,  which  would  bring  it  to  120  leagues.  This 
appears  a  prodigious  extension,  and  yet  it  is  nothing  to  wbai 
this  gentleman  has  proved  gold  to  be  capable  of. 

Ductility  of  Glass,    We  all  know,  that  when  penetrated 
with  the  heat  of  tbe  fire,  the  workmen  can  figure  and  manage 
glsRBs  like  soft  wax ;  but  what  is  more  remariLable,  it  may  be 
drawn,  or  spun  out,  into  threads  exceedingly  long  and  fine. 
Our  ordinary  spinners  do  not  form  their  threads  of  silk,  flax,  or 
the  like,  with  half  the  ease  and  expedition  the  gfasa-spinaefi 
do  threads  of  this  brittle  matter.    We  have  some  of  tbeoi  nsed 
in  plumes  for  children's  beads,  and  divers  other  works,  mueh 
finer  than  any  hair,  and  which  bend  and  wave  like  hair  will 
every  wind.    Nothing  is  more  simple  and  easy  than  the  method 
of  making  them.    There  are  two  workmen  employed ;  the  fint 
holds  one  end  of  a  piece  of  glass  over  the  flame  of  a  laaijp, 
and  when  the  heat  has  softened  it,  a  second  operator  applies  a 
glass  hook  to  the  metal  thus  in  fusion ;  and  withdrawing  tbe 
hook  again,  it  brings  with  it  a  thread  of  glass,  which  stil 
adheres  to  the  mass;  then  fitting  his  hook  on  the  circumfereaes 
of  a  wheel  about  two  feet  and  a  half  in  diameter,  be  tarns  tbt 
wheel  as  fast  as  he  pleases,  which  drawing  out  the  threai, 
winds  it  on  its  rim,  till,  after  a  certain  num^r  of  rerolnlio&i, 
it  is  covered  with  a  skein  of  glass-thread.    The  mass  in  fusiia 
over  the  lamp  diminishes  insensibly,  being  wound  oat  like  i 
clue  of  silk  upon  the  wheel ;  and  the  parts,  as  they  recede  froai 
the  flame,  cooling,  become  more  coherent  to  those  next  to  thes^ 
and  this  by  degrees :  the  parts  nearest  the  fire  are  always  the 
least  coherent,  and  of  consequence,  must  give  way  to  the  eioit 
the  rest  make  to  draw  them  towards  the  wheel.    The  eirooB- 
ferenee  of  these  threads  is  usually  a  flat  ovid,  being  three  ar 
four  times  as  broad  as  thick ;  some  of  them  seem  searcely  big- 
ger than  the  thread  of  a  silk-worm,  and  are  surprisingly  flexible. 
If  the  two  ends  of  such  threads  are  knotted  together,  tliev  lasy 
be  drawn  and  bent  till  the  aperture,  or  space  in  the  ndcldleer 
the  knot,  does  not  exceed  one-fourth  of  a  line,  or  one-lbrty- 
eighth  of  an  inch,  in  diameter.    Hence  the  flexibility  of  giaii 
increases  in  proportion  to  the  fineness  of  the  threads;  aad 
probably,  had  we  but  the  art  of  drawing  threads  as  fiiie  u  i 
spider's  web,  we  might  weave  stuffs  and  cloths  of  them  for 
wear,  but  could  never  make  them  long  enough  to  be  servieeaUe. 
See  Divisibility. 

DUEL,  a  single  combat,  at  a  time  and  place  appointed,  is 
consequence  of  a  challenge.    This  custom  came  originally 
from  the  northern  nations.    Both  the  accuser  and  tbe  aeoosei 
gave  pledges  to  the  judges  on  their  respective  behaJf ;  and  the 
custom  prevailed  that  none  were  excused  from  it  but  women, 
sick  people,  cripples,  and  such  as  were  under  21  years  of  age, 
or  above  60.    Even  ecclesiastics,  priests,  and  monks,  were 
obliged  to  find  champions  to  fight  in  their  stead.    The  punish- 
ment of  the  vanquished  was  either  death  by  hanging  or  behead- 
ing ;  or  mutilation  of  members,  according  to  the  ciroamstances 
of  the  case.     Duels  were  at  first  admitted,  not  only  on  erimiiial 
occasions,  but  on  some  civil  ones,  for  the  maintenance  of 
rights  to  estates,  and  before  the  like :  in  later  times,  however, 
they  were  almost  entirely  abolished,  being  restrained  to  these 
four  cases:  I.  That  the  crime  should  be  capital.    %  That  it 
should  be  certain  the  crime  was  perpetrated.    3.  The  accused 
must,  by  common  fame,  be  supposed  guilty.     And,  4.  The 
matter  not  capable  of  proof  by  witnesses.    But  this  also  has 
been  abolished,  and  there  no  longer  exists  the  ''  trial  by  battle." 

Duel,  at  present  is  used  for  a  single  combat  on  some  private 
quarrel,  and  must  be  premeditated,  otherwise  it  is  called  a 
rencounter.  If  a  person  be  killed  in  a  duel,  both  the  principals 
and  seconds  are  guilty  of  murder,  whether  the  seconds  engage 
or  not  It  is  also  a  very  high  offence  to  challenge  a  person 
either  by  word  or  letter,  or  to  be  the  messenger  of  a  challenfa. 


DUO 


DtOTJOHAJlY  OP,  MXCHANICAL  8CIBNCX. 


D  Y  B 


947 


»UJBT,  in  Music,  a  composition  written, (or  twp  tciices  or 
ninienU.  witli  or  without  a  bass  and  a^on^pianioinnts. 
»UK£,  is  either  the  title  of  a  sovereign  pfjinpCp^  tlio  Dulbo 
iodcna,  the  Grand  Duke  of  Tuscany,  be  or  it  is  the  title 
oaour  and  nohility  next  below  princes.  ]>ukOf  nt  present 
Mtain,  is  a  mere  title  of  dignity,  without  giving  ai^r  domain, 
itory,  or  jurisdiction,  over  the  place  frpm  whence  the  title 
jUicn.  A  duke  is  created  by  patent,  cincture  of  sword, 
itle  of  state,  imposition  of  a  cap  and  coronet  of  gold  on  his 
d,  and  a  verge  of  gold  put  into  his  hand.  His  title  is,  Grace ; 
,  in  the  stvle  of  the  heralds.  Most  hi^h  uotent,  high-boniy 

noble  prince. 

DULCIMER,  a  musical  instrument,  strung  with  about  6fty 
M  cast  o«er  a  bridge  at  each  end.  It  is  performed  upon  by 
king  the  wires  i»ith  little  iron  rods. 

DUMBNESS,  the  privation  of  speech,  the  most  general 
se  of  which  is  the  want  of  the  sense  of  hearing  ;  language 
ig  originally  acquired  by  imitating  sounds.  From  this 
rce  of  intelligence  deaf  people  arc  entirely  excluded ;  they 
not  acquire  articulate  sounds  by  the  ear:  unless  therefore 
enlation  be  communicated  by  some  other  medium,  they 
It  be  deprived  of  language.  Of  late  years  it  has  been 
vn,  that  though  deaf  people  cannot  learn  to  speak  or  read 
Lhe  direction  of  the  ear,  there  are  other  sources  of  imitation, 
nrhich  tlie  same  eflfcct  may  be  produced.  The  organs  of 
ring  and  speech  have  little  connexion.  Persons  deprived 
ike  former  generally  possess  the  latter  in  such  perfection, 
:  nothing  further  is  necessary  to  make  them  articulate,  than 
each  them  how  to  use  these  organs.  This,  indeed,  is  no 
f  task,  but  it  is  practicable.  The  first  thing  is,  to  teach  the 
U  to  pronounce  the  simple  sounds  of  the  vowels  and  con- 
ants.  The  teacher  pronounces  the  sound  of  the  letter  m 
r  slowly,  pointing  to  the  figure  of  it  upon  paper  at  the  same 
^  and  makes  the  pupil  observe  the  motion  of  his  mouth  and 
>at.  He  then  puts  his  finger  into  his  pupil's  mouth,  depresses 
elevates  the  tongue,  and  makes  iiim  keep  the  parts  in 
;  position ;  then  he  lays  hold  of  the  outside  of  the  throat, 

applies  such  a  kind  of  pressure  as  shall  indicate  to  the 
il  a  certain  necessary  action  to  be  performed  by  the 
nUcs.  All  the  while  he  is  pronouncing  a,  the  pupil  is 
iottsly  imitating  him,  but  at  first  seems  not  to  understand 
it  be  would  have  him  to  do.  In  this  manner  he  proceeds, 
the  pupil  has  learned  to  pronounce  tlie  sounds  of  the  letters, 
goes  on  in  the  same  manner  to  join  a  vowel  and  a  consonant, 
St  length  the  pupil  is  enabled  both  to  speak  and  to  read. 
»UO DECIMALS,  or  Caoss  Miltiplicition,  (from  duo' 
M,  Irr/rr,)  is  a  rule  used  by  workmen  and  artificers  in  com- 
ing the  content  of  their  work  ;  dimensions  arc  usually  taken 
Mt,  inches,  and  parts ;  but  of  the  last,  all  those  less  than  i 
aches  are  frequently  omitted  as  of  little  or  no  consequence, 

the  same  is  always  done  in  casting  up  the  contents,  where 
r  are  of  still  less  importance.— /Im/c.  Set  down  the  two 
cnsions  to  be  multiplied  tofcetlier  under  each  other,  so  that 

may  stand  under  feet,  inches  under  inches,  and  parts 
er  parts.  Then  multiply  each  term  in  the  multiplicand, 
innins:  at  x\\v  lowest,  by  the  fret  in  the  multiplier,  and  set 

result  of  each  directly  under  its  corresponding  term, 
erving  to  carry  I  for  every  1*2,  from  the  parts  to  the  inches, 

from  the  inches  to  the  tVet.     In  like  manner,  multiply  all 

multiplicand  by  the  inches  and  parts  of  tbc  multiplier, 

set  the  result  of  each,  one  remove  to  the  right-hand  of 
\c  in  the  multiplirand,  and  the  ^um  of  thR5e  successive 
iucts  will  be  the  answer.  Dr.  iiistead  of  multipUioK  by  the 
les  and  parts,  such  parts  of  the  niuliiplieand  may  be  taken 

bcse  are  of  a  foot. iJxampUs,     Multiply  <J  feet,  4  inches, 

ru,  b>  l(»  feet,  3  inches,  i»  parts. 

yt.    in.  p. 

6    4    :i 

10     3     11 

tfl     n     ({ 
1     7     0     t> 
4     Jl     •>     .3 

Nt  65    6    3  answer. 


3  in.  = 


Otherwise : 
J't.    in.   ;>. 
ti     4     3 
10     3    9 


*i\ 


=  i    I     7    oi 
4    S>t« 


feet    06    G    3^ 


It  nujr  not  be  amiss  Co  obscfve  hero,  that  the  feet  in  tbo 
answer  arc  square  feet,  but  the  ntimbera. standing  in  the  place 
of  jnchcs  arc  not  square  inches,  as  qfm  Jnig^  /|t  §rst  infer,  bui 
12th  parts  of  square  feet,  each  part  being  eijuol  to  12  square 
inches.  In  like  manner,  the  numbers  standing  in  the  third 
place,  or  place  of  parts,  are  so  many  12tli  parts  of  the  preced- 
ing denomination,  these  therefore  arc  S4]uare  inches ;  and  in 
the  same  manner,  if  the  operation  be  carried  farther,  every  suc- 
cessive place  will  be  a  12th  part  of  that  preceding  it. 

DUODECIMO,  is  used  to  denote  the  size  of  a  book  when 
the  sheets  are  folded  into  twelve  leaves. 

DUODECUPLE,  consisting  of  twelves. 

DUODENARY  Akithmktic,  is  that  in  which  the  local 
value  of  the  figures  increases  in  a  twelvefold  proportion  from 
right  to  left,  instead  of  the  tenfold  proportion  in  the  conmion  or 
denary  arithmetic.  Thus  11 1  l,in  the  duodenary  scale,  expresses 
12'  +  12>  +  12  +  1  =  1886  in  the  common  scale.  Every 
number  may  be  converted  from  one  scale  to  the  other,  and  in 
many  cases  the  duodenary  system  (particularly  after  practice 
has  rendered  it  familiar)  possesses  considerable  adiaatages 
over  that  in  common  use.  In  the  duodtrnary  scale  of  notation, 
there  must  be  introduced  two  new  characters  for  expressing 
10  and  11,  and  these  may  be  represented  by  ^  and  r,  that  is 
10  :=  f ;  1 1  :=  r ;  so  that  the  digits  of  this  system  become, 

0,  1,2,  3,  4,  5,(i,  7.  8,U,^,  r. 
with  which  characters  any  number  whatever  may  be  expressed 
according  to  the  duodenary  system,  the  same  as  in  common 
arithmetic,  by  the  nine  simple  digits. 

DUPLE,  among  Mathematicians,  denotes  tlie  ratio  of  2  to  1. 
Thus  the  ratio  of  8  to  4  is  duple,  or  as  2  to  1.  ^'a^Di'rLE  lUih 
is  just  the  reverse  of  the  former,  or  as  I  to  2. 

DUPLICATE,  among  Lawyers,  denotes  a  copy  of  any  deed, 
writing,  or  account  It  is  also  used  for  a  second  letter  written 
and  sent  to  the  same  party  and  purpose  as  a  former. 

Di-PLiCATK  Proportion,  is  a  compound  of  two  ratios;  thus, 
the  duplicate  ratio  of  «  to  &,  is  the  ratio  of  a  a  to  ^  &,  or  of  the 
square  of  a  to  the  square  of  h. 

DUPLICATION,  in  general,  signifies  the  doubling  of  any 
thing  or  multiplying  of  it  by  2;  also  tlie  folding  of  any  thing 
back  again  on  itself. 

DUKATE,  in  Music,  a  term  properly  applicable  to  whatever 
ofl'ends  the  ear  by  its  effect 

DURESS,  in  Law.  is  where  a  man  is  kept  in  prison,  or 
restrained  of  his  liberty,  contrary  to  the  order  of  the  law. 

DUTY,  in  Policy  and  Commerce,  signifies  the  Impost  laid 
on  merchandises,  at  importation  or  exportation,  commonly 
called  the  duties  of  customs ;  also  the  taxes  of  excise,  stamp- 
duties,  ^e. 

DYE,  in  .Architeoture,  any  square  body,  as  the  trunk,  or 
notched  part  of  a  pedestal ;  also  a  cube  of  stone  placed  under 
the  feet  of  a  statue,  and  over  its  pedestal. 

DYEING  OF  Cloths,  is  the  art  of  tingeing  cloth,  m 
other  matter,  with  a  permanent  colour,  by  penetrating  its  snl^ 
stance,  and  imparting  different  colours  to  wool,  silk,  linen,  &e. 
The  substances  employed  are  calleil  culouring  matters  or  dye- 
stufl's,  and  are  extracti*d  from  animal  and  vegetable  substances. 
If  the  colouring  matters  were  merely  spread  over  the  surface 
of  the  fibres  of  cloth,  the  colours  pro<luced  might  be  bright, 
but  they  eouM  not  be  permanent ;  because  the  rolourlnfc  matter 
would  disappear  whenever  the  eloth  was  waahed  or  exposed  to 
the  weather.  The  colouring  matter  cannot  svixc^  upon  the  cloth 
permanently,  unless  there  be  an  aflinity  between  them.  And 
since  there  can  be  no  affinity  till  the  dye-stuffs  have  been 
reduced  to  their  intefcrant  particles,  dyeing  is  a  process  purely 
chemical.  The  colouring  matter  is  first  dissolved  in  some 
liquid  which  has  a  weaker  aflinity  for  it  than  the  cloth  has. 
\\  hen  the  cloth  is  dipped  in  this  solution,  the  colouring  matter 
is  brought  within  the  attracting  distance  ;  the  cloth  acts  upon 
it.  and,  fmm  its  stronger  aflinit\ ,  takes  it  from  the  mordant  and 
fixe^  it  upon  itself.  The  equality  of  the  colour  is  also  secured 
by  this  contrivance,  as  e%ery  part  of  the  cloth  has  an  oppor- 
tuniL>  of  attrartiufc  to  itself  the  proper  proportion  of  colouring 
pArtielcs.  >Vool  has  the  strongest  aflinity  for  almost  all  colour- 
ing matters ;  the  next  strongest  is  cotton,  which  has  a  con- 
siderablv  weaker  aflinity.  and  linen  the  weakest  of  all.  In 
order  therefore  to  djc  cotton  or  linen,  the  dye-stuffs  should  be 
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distoWed  in  a  iabstance  for  which  it  has  a  weaker  affinity  than 
for  the  solvent  employed  in  the  dyeing  of  wool  or  silk.  To  dye 
wool,  we  ase  oxyde  of  iron;  to  dye  cotton  or  linen,  acetous  acids 
answer  best. 

Of  Mordants,  To  render  dyeing  colours  permanent,  a  mor- 
dant  is  pitched  upon,  which  has  a  powerful  attachment  to  both 
the  cloth  and  the  colouring  matter.  The  mordant  is  previously 
combined  with  the  cloth,  which  is  then  plunged  into  the  solu- 
tion of  dye-stuff,  and  the  dye-stuff  combines  with  the  mordant, 
which  being  (irmly  combined  with  the  cloth,  secures  the  per- 
manency of  the  dye.  The  proper  preparation  and  the  appli- 
cation of  mordants  are  the  principal  considerations  in  the  art 
of  dyeing.  The  mordants  must  be  previously  dissolved  in  some 
liquid  which  has  a  weaker  affinity  for  them  than  the  cloth  has 
to  which  they  are  to  be  applied ;  and  the  cloth,  to  saturate  itself 
with  the  mordant,  most  be  dipped  or  steeped  in  the  solution. 
The  mordants  are  earths,  metallic  oxydes,  tan,  and  oil, 

Alumine,  the  most  important  mordant  earth  that  dyers  use, 
is  indispensable  to  dyers  and  calico  printers,  not  only  on 
account  of  its  cleansing  and  opening  the  pores  of  the  sub- 
stances to  be  dyed,  and  thus  rendering  them  fit  to  receive  the 
colouring  particles,  but  also  from  its  more  essential  property 
of  fixing  the  colours,  or  that  they  cannot  afterwards  be  washed 
out.  Alumine  is  used  either  in  the  state  of  common  alum  or 
in  that  of  acetite  of  alumine. 

Lime  is  also  used  as  a  mordant,  either  as  lime  water,  or  sul- 
phate of  lime  dissolved  in  water. 

The  metallic  oxydes  or  tin  and  iron  are  the  most  generally 
used;  the  former  gives  brightness  to  reds  and  scarlets,  and 
precipitates  the  colouring  matter  in  other  dyes ;  the  latter  has 
a  strong  affinity  for  all  kinds  of  cloth,  as  is  proved  abundantly 
by  the  difficulty  we  have  to  remove  iron  spots  (moulds)  from 
linen  or  cotton  cloth.  And  as  a  mordant  it  is  used  either  as 
sulphate  of  iron  or  acetite  of  iron. 

Tan  and  Oil,  On  the  leaves  and  buds  of  the  oak  certain 
excrescences  are  formed,  in  consequence  of  the  puncture  of 
insects,  as  a  lodgment  for  their  eggs  and  a  habitation  for  their 
future  young.  These  are  termed  galls,  and  if,  when  arrived  at 
a  certain  state,  they  are  infused  in  a  weak  solution  of  vitriol, 
they  impart  to  it  a  purple  or  violet  tinge ;  and  after  the  whole 
colouring  matter  is  extracted,  this  becomes  perfectly  black. 
Considerable  quantities  of  galls  are  used  in  dyeing,  and  for 
other  purposes.  Tan  adds  to  the  weight  of  silk,  and  is  there- 
fore much  used  ;  oil  is  also  used  for  the  same  purpose. 

Besides  these,  tartar,  acetite  of  lead,  common  salt,  sal  ammoniac, 
sulphate  or  acetite  of  copper,  are  used  as  mordants,  which  not  only 
render  the  dye  permanent,  but  have  also  considerable  influence 
on  the  colour  produced.  The  same  colouring  matter  produces 
very  different  dyes,  according  as  the  mordant  is  changed.  Sup- 
pose, for  instance,  that  the  colouring  matter  be  cochineal ;  if 
we  use  the  aluminous  mordant,  the  cloth  will  acquire  a  crim- 
son colour;  but  the  oxyde  of  iron  produces  with  it  a  black.  In 
dyeing,  then,  it  is  not  only  necessary  to  procure  a  mordant 
which  has  a  sufficiently  strong  affinity  for  the  colouring  matter 
and  the  cloth,  and  a  colouring  matter  which  possesses  a  wished 
for  colour  in  perfection,  but  we  must  procure  a  mordant  and  a 
colouring  matter  of  such  a  nature,  that,  when  combined  together, 
they  shall  possess  the  wished-for  colour  in  perfection.  It  is 
evident  too,  that  a  great  variety  of  colours  may  be  produced 
with  a  single  dye-stuff,  provided  we  can  change  the  mordant 
sufficiently.  The  colouring  matter  with  which  the  cloth  is  dyed, 
does  not  cover  every  portion  of  its  surface:  its  particles  attach 
themselves  to  the  cloth  at  certain  distances  from  each  other ; 
for  cloth  may  be  dyed  different  shades  of  the  same  colour, 
lighter  or  darker,  merely  by  varying  the  quantity  of  colouring 
matter.  With  a  small  quantity,  the  shade  is  light;  and  it  be- 
comes  deeper  as  the  quantity  increases ;  now,  this  would  be 
impossible,  if  the  dye-stuff  covered  the  whole  of  the  cloth. 
That  the  particles  of  colouring  matter,  even  when  the  shade  is 
deep,  are  at  some  distance,  is  evident  from  this  well-known 
fact,  that  cloth  may  be  dyed  two  colours  at  the  same  time.  All 
those  colours  to  which  the  dyers  give  the  name  o(  compound, 
are  in  fact  two  different  colours  applied  to  the  cloth  at  once. 
Thus  cloth  gets  a  green  colour,  by  being  firsit  dyed  blue  and 
then  yellow. 

The  colours  denominated  by  dyers,  simple,  because  tbey  are 


the  foundation  of  all  their  otiier  proeesses^  are'  foor;'iiaiBdjr» 
blue,  yellow,  red,  and  black.  To  these  they  usaally  add  a  filUi,^ 
under  the  name  of  root,  or  brown  colour. 

To  dye  Blue,  The  substances  principally  osed  io  this  dye,- 
are  indigo  and  woad,  with  which  every  kind  of  cloth  aiay  he 
dyed  without  a  mordant.  Indigo  is  brooght  from  the  West 
Indies.  It  is  drawn  from  the  leaves  of  a  plant  caUed  mmiL 
Woad  is  obtained  from  the  leaves  of  a  plant,  which,  when  lipe, 
are  gathered  and  suffered  to  lie  some  time,  and  then  pot  nndei 
the  wheel  to  be  bruised  or  ground ;  after  this  they  are  laid 
eight  or  ten  days  in  piles  or  heaps ;  and  at  last  made  ap  ialo 
balls,  which  are  laid  in  the  shade,  on  hurdles,  to  dry.  The 
balls  are  then  pulverized,  spread  upon  the  ground,  and  watered : 
it  smokes  and  heats  till  it  becomes  dry;  it  is  then  fit  for  use.' 
The  ancient  Britons  dyed  their  bodies  with  this  substance^ 
Woad-blue  is  a  very  deep  blue,  almost  black;  and  is  the  base 
of  so  many  sorts  of  colours,  that  the  dyers  have  a  scale  by 
which  they  compose  the  different  casts,  or  degrees  of  woad. 

Process,  When  wool,  cotton,  or  silk  is  intended  to  be  dyed, 
the  cloth  is  first  wetted  with  hot  water  and  wrung  out ;  then  it 
is  immersed  in  a  clear  dye-liquor,  and  remains  therein  accord- 
ing to  the  shade  wished  for ;  it  comes  out  green,  bat  soon  torm 
blue  on  being  exposed  to  tlie  air.  Cotton  intended  to  be  dyed 
blue  is  first  passed  through  water  containing  sulphuric  acid. 
Silk  is  dyed  a  light  blue  by  a  ferment  of  six  parts  of  bran,  six 
of  indigo,  six  of  potash,  and  one  of  madder.  But  cotton  and 
linen  are  dyed  blue  by  a  solution  of  one  part  of  indigo,  one  of 
green  sulphate,  and  two  parts  of  quick-lime. 

Mr.  Richard  Badnall,  of  Leek,  in  Staffordshire,  silk  maan- 
facturer,  has  taken  out  a  patent  for  improvements  in  the  appli- 
cation of  Prussian  blue  to  the  purposes  of  dyeing  ulk,  cotton, 
wool,  or  any  other  article ;  and,  in  the  application  of  presure 
to  dyeing  in  general. 

The  Prussian  blue  being  previously  ground  as  fine  as  pos- 
sible, is  put  into  any  convenient  vessel  of  glass  or  eartheawve. 
Strong  muriatic  acid  is  to  be  poured  upon  it  a  little  at  a  time; 
and  the  mass  is  to  be  kept  constantly  stirred,  with  a  rod  of 
white  wood,  a  piece  of  tobacco  pipe,  or  any  other  material  oot 
liable  to  be  acted  upon  by  the  acid.  The  stirring  mast  be  eoa- 
tinucd  till  the  mixture  has  become  a  smooth  homogeneoas  man 
of  a  semi-gelatinous  consistence.  The  proportion  of  add  re 
quisite  for  this  purpose  depends,  in  some  degree,  on  the  quality 
of  the  Prussian  blue,  and,  therefore,  cannot  be  precisely  set 
forth  in  words ;  but,  by  proceeding  carefully,  as  above  de* 
scribed,  it  is  impossible  to  fall  into  error;  as  the  mixture, if 
made  too  thin  from  excess  of  acid,  may  be  rectified  by  the  sub- 
sequent addition  of  more  Prussian  blue.  This  mixture  maybe 
used  as  soon  as  made ;  but  it  is  better  after  three  or  fourdayi, 
and  its  qualities  are  not  altered  by  age.  In  dyeing  silk  with  tbf 
Prussian  blue,  prepared  as  above,  Mr.  B.  proceeds  in  tbe 
following  manner: 

'*  The  gum  having  been  discharged  from  the  silk  by  any  of  tbe 
usual  means,  the  silk  is  steeped,  for  three  or  four  boun,ini 
cold  solution  of  alum  in  water,  of  the  common  strength  enk* 
ployed  by  silk  dyers  ;  and  then  rinsed  in  cold  water. 

*'  The  dye  vat  is  composed  by  diluting  the  prepared  Prussian 
blue  with  cold  water,  till  its  colour  is  of  the  required  deptb, 
according  to  the  particular  tint  intended  to  be  given  to  the  silk. 
The  silk,  prepared  as  above,  is  then  to  be  put  on  sticks,  and 
immersed  in  the  bath,  taking  care  that  it  be  constantly  turned, 
that  the  colour  may  be  perfectly  level,  and  that  it  remain  in 
the  bath  till  it  has  acquired  the  proper  tint  or  shade.  It  if 
then  to  be  well  washed  in  running  water  till  it  ceases  to  be  dis- 
coloured by  it.  Lastly,  the  silk  is  to  be  dried,  either  in  theshadCf 
or  in  a  stove  heated  to  not  more  than  summer  temperature. 

"  From  Prussian  blue,  prepared  as  above,  various  greens  aod' 
purples  may  be  obtained  ;  either  by  combining  it  with  the  in- 
gredients usually  employed  for  such  colours,  and  dipping  tbe 
silk  in  this  compound  bath;  or,  by  using  the  bath  of  prepared 
Prussian  blue,  either  before,  or  after  the  application  of  tbe 
other  ingredients,  according  to  circumstances,  and  to  tbe 
nature  of  such  ingredients.  The  proportion,  however,  it  is  not 
necessary  to  recite :  the  object  of  this  part  of  the  patent  being 
merely  by  a  new  mode  of  preparing  Prussian  blue,  to  dye  silk. 
cotton,  wool,  or  any  other  article,  either  alone,  or  mixed  an  J 
combined  with  other  dyeing  materials. 
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**  Th€  teeottd  inirentioD  It  the  application  of  pressure  to  dye- 
in%  to  icefleral,  whether  It  be  that  of  thick  cloths,  hats,  woods 
for  veneerinfc*  or  an?  other  purpose ;  or  any  other  or  more  deli- 
cate materials,  such  as  linen,  cotton,  or  silk  goods,  lace,  &c. 
For  this  purpose,  the  materials  to  be  dyed  are  to  be  placed, 
vith  the  dyeing  liquor,  in  any  suitable  vessel  of  wood,  copper, 
iron,  or  other  material;  the  aperture  of  which  tcsscI  can  be 
aernrrd  water*ti{^ht,  by  a  lid  ntted  to  it  by  any  suitable  and 
well-known  means.  To  this  vessel  is  to  be  fitted  a  hydrostatic 
pressure-pump,  (as  Bramah's,  for  example,)  or  any  other  ma- 
chinery employed  for  the  purpose  of  producing;  high  pressure ; 
auch  as  a  column  of  water  or  mercury  of  suflicicnt  height,  &c. 
All  things  being  thus  adjusted,  the  lid  is  to  be  fitted  securely 
OB,  and  the  pump  worked,  until  the  necessary  pressure  is  ob- 
tained ;  when  it  is  evident,  that  if  the  goods  are  put  in  dry,  or 
well  wrung,  the  pressure  thus  produced  will  greatly  facilitate 
the  introduction  of  the  dyeing  liquor  within  the  internal  pores, 
particularly  in  heavy  cloth  goods,  hats,  woods,  bard  twisted 
ailk,  or  lace;  and,  if  necessary,  suitable  mechanical  means 
nay  be  employed  to  agitate  and  wring  the  goods  while  under 
pressure:  but  this  is  not  claimed  exclusively,  but  only  the 
application  of  pressure  to  the  forcing  of  the  dyeing  liquor  into 
the  pores  of  the  cloths,  hats,  silk,  woods,  &c. ;  or  the  joint 
application  of  pressure,  with  suitable  means  for  producing 
agitation,  &c.  Sec." 

T«  tlift  Red.  The  process  of  dyeing  red  requires  a  peculiar 
preparation  of  the  stuffs,  on  the  exactness  of  which  the  good- 
neas  and  permanency  of  the  colour  depend.  These  preparatory 
ingredients  consist  of  alum,  tartar,  nitric  acid,  or  a  solution  of 
lio  in  nitric  acid.  Galls  and  alkaline  salts  are  also  sometimes 
r*dded.  The  Cartkamu*  Tinctorius  plant,  a  native  of  Egypt  and 
the  Levant,  gives  a  poppy,  cherry  and  rose-red,  and  flesh 
colour  to  silk,  and  is  also  employed  in  making  rouge.  This 
last  is  made  by  precipitating  with  lemon  juice  the  red  colour- 
in|^  matter  extracted  by  carbonate  of  soda.  Mmdder  is  the  root 
of  a  plant  called  m^ic  tinctttrium.  Alum  and  tartar  are  em- 
ployed in  the  preparation  of  the  ingredients  for  this  red.  Corhi- 
memi  consists  of  an  insect  which  is  collected  round  the  Indian 
fig*tree«  and  is  found  abundant  in  South  America.  Kermes,  an 
insect  al>out  the  siie  of  a  juniper  berry,  round,  smooth,  and 
gloasy,  is  of  a  beutui/ui  red  colour,  and  full  of  a  iuicc  of  the 
same  dye.  It  is  found  adhering  to  the  bark,  on  the  stem  and 
the  branches  of  a  small  oak,  growing  in  Spain,  Langucdoc,  and 
other  countries.  This  colour  is  the  most  permanent,  but  the 
least  bright ;  it  is  apt  also  to  l>e  less  spotted  than  the  other?* : 
bat,  on  account  of  the  difficulty  of  procuring  the  insects  which 
afford  the  colour,  it  is  very  seldom  used  in  Britain.  Logwood 
and  Brmzil-wood  are  also  used  for  red  dyes,  but  the  colour  is 
not  durable.  The  latter  grows  in  the  warmest  parts  of  South 
America.  Logwood  is  found  in  the  Bay  of  Campeachy.  Alcohol 
best  extracts  the  colouring  matter  of  the  logwood. 

Cf  dyeing  Yeliow.  The  principal  colouring  matters  for  dye- 
ing yellow  arc  weld,  fustic,  and  quercitron  bark.  Weld  is  a 
plant,  which  grows  wild  in  barren  and  uncultivated  places,  par- 
ticalarly  on  coal-pit  banks,  in  several  parts  of  England.  Fustic 
is  Ike  wood  of  a  large  tree  which  grows  in  the  West  Indies. 
Qoercttron  is  a  tree  growing  naturally  in  North  America,  the 
bark  of  which  contains  colouring  matter.  Yellow  colouring 
matters  have  too  weak  an  affinity  for  cloth,  to  produce  per- 
manent colours  without  the  use  of  mordants.  Cloth,  therefore, 
befure  it  be  dyed  yellow,  is  always  prepared  by  combining 
some  mordant  or  other  with  it,  as  nlumine  or  oxyde  of  tin.  Tan 
is  often  employed  as  a  subsidiary  to  alumine,  and  in  order  to 
fix  it  more  copiously  on  cotton  and  linen.  Tartar  is  also  used 
to  l>righten  the  colour;  and  muriau*  of  soda,  sulphate  of  lime, 
and  even  sulphate  of  iron,  to  render  the  shade  deeper.  The 
tellow  dyed  by  means  of  fustic  is  more  permanent,  but  not  so 
beautiful  as  that  by  weld  ur  querritron.  As  it  is  permanent, 
and  not  much  injured  by  acids,  it  is  used  iu  dyeing  compound 
cokmrs,  where  yellow  is  required.  The  mordant  is  alumine. 
When  the  mordant  is  oxyde  of  iron,  fustic  dyes  a  permanent 
drab  colour.  Weld  and  querritrnn  bark  yield  nearly  the  same 
colour ;  but  as  the  bark  yields  colouring  matter  iu  much  greater 
abundance,  it  is  more  convenient,  and  cheaper  than  weld.  The 
osetbod  uf  using  each  of  the  dye-stuffs  is  nearly  the  same. 

T»  dge  Wool  YeUow.    Boil  the  wool  for  au  hour  with  about 
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one-sixth  of  its  weight  of  alum,  dissolved  In  water.  Then 
plunge  it,  without  being  rinsed,  into  a  bath  of  warm  water, 
containing  as  much  quercitron  bark  as  equals  the  weight  of  tho 
alum  employed  as  a  mordant.  The  cloth  is  now  turned  through 
the  boiling  liquid,  till  it  has  acquired  the  intended  colour. 
Then  a  quantity  of  clean  powdered  chalk,  equal  to  ^  part  of 
the  weight  of  the  cloth,  is  stirred  in,  and  the  operation  of  dye- 
ing continued  for  eicht  or  ten  minutes  longer.  By  this  method 
a  pretty  drep  and  lively  yellow  may  be  given  fully  as  perma- 
nent as  weld  yellow.  For  very  liright  orange  yellow,  it  is 
necessary  to  have  recourse  to  the  ox\dc  of  tin  as  a  mordant; 
and  to  produce  bright  golden  yellows,  some  alum  must  be 
added  aloni;  nith  the  tin.  But  to  give  the  yellow  a  delicate 
green  shade  much  admired,  tartar  must  be  added  in  different 
proportions,  according  to  the  shade.  And  by  adding  a  small 
proportion  of  cochineal,  the  colour  may  l>e  raised  to  a  fine 
orange,  or  even  an  aurora. 

Silk  may  be  dyed  different  shades  of  yellow,  either  by  weld 
or  quercitron  bark,  but  the  last  is  the  cheapest  of  the  two.  The 
proportion  should  be  from  one  to  two  parts  of  bark  to  twelve 
parts  of  silk,  according  to  the  shade.  The  bark,  tied  up  in  a 
bag,  should  be  put  into  the  dyeing  vessel,  while  the  water 
which  it  contains  is  cold ;  and  when  it  has  acquired  the  heat  of 
about  too  degrees,  the  silk,  having  been  pie^iously  alumcd, 
should  be  dipped  in,  and  continued  till  it  assumes  the  wished* 
for  colour.  When  the  shade  is  required  to  be  deep,  a  little 
chalk  or  pearl-ash  should  be  added  towards  the  end  of  the 
operation. 

{Cotton  and  Linen  are  dyed  yellow,  thus :  the  mordant  acctite 
of  alumine  is  prepared  by  dissolving  one  part  of  aeetite  of 
lead,  and  three  parts  of  alum,  in  a  sufficient  quantity  of  water. 
In  this  solution,  heated  to  the  temperature  of  IOt>  degrees,  the 
cloth  is  soaked  for  two  hours,  then  wrung  out  and  dried.  The 
soaking  may  be  repeated,  and  the  cloth  again  dried  as  before. 
It  is  then  to  be  barely  wetted  with  lime  water,  and  afterwards 
dried.  The  soaking  in  the  aeetite  of  alumine  may  be  again  re- 
peated, and  if  the  shade  of  yellow  is  required  to  be  very  bright 
and  durable,  the  alternate  wetting  with  lime  water  and  soak 
ing  in  the  mordant  may  be  repeated  three  or  four  times.  By 
this  contrivance,  a  sufficient  quantity  of  alumine  is  combined 
with  tho  cloth,  and  the  combination  is  rendered  permanent  by 
the  addition  of  lime.  The  dyeing  bath  is  prepared  by  putting 
12  or  18  parts  of  quercitron  bark  (according  to  the  depth  of  the 
shade  required)  tied  up  in  a  bag,  into  a  sufficient  quantity  of 
cold  water.  Into  this  bath  the  cloth  is  put,  and  turned  round 
in  it  for  an  hour,  while  its  temperature  is  gradually  raised  to 
1*20  degrees;  it  must  be  then  brought  to  a  t>oiling  heat,  and 
after  that,  the  cloth  allowed  to  remain  in  it  only  a  few  minutes. 
If  it  be  kept  long  at  a  boiling  heat,  the  yellow  acijuires  a  brown 
shade.  Nankeen  yellow  is  obtained  by  a  solution  of  the  red 
sulphate  of  iron,  which  is  combined  with  the  cloth  by  carbonate 
of  potash. 

To  d^e  Fotm  Colour,  The  process  of  dyeing  this  colour 
differs  from  others,  the  wool  merely  requiring  a  simple  immer- 
sion in  water.  Various  substances  are  used  for  dyeing  brown 
or  fawn  colour.  1.  The  bark  or  rind  <»f  the  u^lnui-tree.  Its 
shades  are  uncommonly  fine ;  its  colours  solid  ;  and  it  renders 
tho  wool  flexible  and  soft.  A  cauldron  half  full  of  water  is 
placed  over  the  fire  ;  as  soon  as  it  grows  warm,  bark  is  added 
in  proportion  to  the  quantity  of  stuffs  intended  to  be  dyed,  and 
the  lightness  or  depth  of  the  shades  required.  It  is  then  boiled 
for  a  quarter  of  an  hour,  when  the  cloths,  previously  moistened 
with  warm  water,  are  imtnersed.  frequently  turned,  and  well 
stirred,  till  they  have  sufficiently  imbibed  the  colour.  They  are 
then  dried  and  dressed  in  the  usual  manner.  The  root  of  the 
walnut-tree  is  also  employed,  but  with  a  different  process.  When 
the  green  walnut-thllt  are  used,  they  are  collected  when  the 
nuts  are  ripe ;  aud  are  put  into  casks,  which  are  afterwards 
fille<l  with  water,  and  thus  preserved  till  the  succeeding  year. 
The  bark  of  the  alder-tree  is  chiefly  used  for  worsted,  impart- 
ing shades  darkened  with  copperas.  It  is  also  used  for  wwd 
that  is  not  required  to  be  very  dark,  as  it  e<|nally  withstands 
the  effects  of  the  sun  and  rain.  Smnders'wood  is  much  inferior 
to  walnut-shells ;  stiffens,  and  consequently  injures  the  wool. 
It  is  in  general  mixed  with  galls,  sumach,  and  alder-bark,  with- 
out H  hich  its  colour  could  not  be  extracted.    iSmnacA,  whera 
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colMnn  artf  tfeqUirad,  i»  hbq&tnUy  irabstitaled  for  init& 
f«lli,  in  which  caM  A  greater  proportioo  beoomet  necessary. 
These  different  substances,  howerer*  are  not  nnfreciaentlj 
Mdzed  together;  tliej  are  of  a  similar  natore,  differing^  only  in  a 
degree  of  colour,  and  it  is  easy  to  obtain  Tarions  shades.  It  is 
both  soUd  and  permanent.  8o9t  is  only  nSed  when  the  other 
ingredients  cannot  be  procured.  }t  is  not  only  less  solid  than 
the  others,  but  also  hardens,  and  imparts  a  very  disagreeable 
smell  to  the  wool  or  stuff. 

To  dye  Cloth  Black.  Red  oxyde  of  iron  and  tan  are  employ- 
ed ;  log  is  used  as  an  auxiliary,  because  it  communicates  lus* 
tre,  and  adds  to  the  fulness  of  the  black.  Clotky  before  it  re* 
oei?es  a  black  colour,  is  dyed  blue ;  but  if  the  cloth  be  coarse, 
the  blue  dye  is  expensive ;  in  that  case  walnut-peels  are  used 
to  give  it  a  brown  colour,  ff^ool  is  boiled  for  two  hours  in  a 
deeootion  of  nut-galls,  then  kept  two  hours  more  in  a  bath  of 
logwood  and  sulphate  of  iron,  at  a  scalding  beat,  but  not 
boiled.  It  must  be  frequently  exposed  to  the  air  during  the 
process,  to  imbibe  oxygen  before  the  cloth  can  acquire  a  pro* 
•er  colour.  Silk  is  dyed  nearly  in  tiie  same  manner,  but  as  it 
IS  capable  of  combining  with  a  g^eat  deal  of  tan,  the  quantity 
given  is  varied  at  tiie  pleasure  of  the  artist,  by  allowing  the 
silk  to  remain  a  longer  or  shorter  time  in  the  decoction.  Lintn 
and  Cotton  previousiy  dyed  blue,  are  steeped  for  twenty-four 
hours  in  a  decoction  of  nut-galls,  mixed  with  a  decoction  of 
alder4>ark.  A  bath  is  prepared,  containing  an  acetite  of  iron. 
Into  this  bath  the  cloth  is  put  in  small  quantities  at  a  time, 
wrought  with  the  hand  for  a  quarter  of  an  hour,  wrung  out, 
and  idred  again ;  then  wrought  In  a  fresh  quantity  of  the  bath, 
and  afterwards  aired.  These  processes  are  repeated  till  the 
reonisite  colour  has  been  given  to  the  cloth. 

Of  dyeing  Compownd  Cokmurt,  which  are  produced  by  ml^dttg 
two  simple  colours  together ;  of,  by  dyeing  cloth  first  one  %\it^ 
psD  colour,  and  then  another.  These  colours  vary  to  infinity, 
according  to  the  proportions  of  the  ingredients  employed,  aAd 
may  be  arranged  under  the  following  classes.  Mixtures  of,  1. 
Bhie  and  yellow.  3.  Blue  and  red.  3.  Tellow  and  red.  4. 
Black  and  other  colours. 

Mixtures  ofhhu  and  yell&w  fyrm  yreen,  which  is  distinguished 
by  dyers  into  a  variety  of  shades,  according  to  the  depth  of  the 
shade,  or  the  prevalence  of  either  of  the  component  parts. 
Thus  we  have  na-yr^er^  grtLti-grun^pea-grun,  &c.  Wool,  silk, 
and  linen,  are  usually  dyed  green,  by  giving  them  first  a  blue 
colour,  and  afterwards  dyeing  them  yellow;  because,  when  the 
yellow  is  first  given,  several  inconveniences  follow :  Uie  yellow 
partly  separates  again  in  the  blue  vat,  and  communicates  a 
green  colour  to  it,  and  thus  renders  it  useless  for  every  other 
purpose,  except  dyeing  green.  Any  of  the  usual  processes  for 
dyeing  blue  and  yellow  may  be  followed,  taking  care  to  pro- 
portion the  depth  of  the  shades  to  that  of  the  green  required. 
When  snlphate  of  indigo  is  employed,  it  is  usu^  to  mix  all  the 
ingredients  together,  and  to  dye  the  cloth  at  once ;  this  pro- 
duces what  is  known  by  the  name  of  Staon  or  English  green. 

Mixtures  of  blue  and  red  form  different  shades  of  vieUt,  pur* 


phi  atfd  lilme.  Wool  is  generaHy  first  dyad  M«e^  and  filler- 
wards  scarlet,  in  the  nsiial  nsanner.  If  eoehineal  ba  nrfxed 
with  sulphate  of  indigo,  the  process  may  be  performod  atrooeet 
Silk  is  first  dyed  crimson  by  means  of  cochineal^  asMl  then 
dipped  into  the  indigo  vat.  Cotton  and  linen  are  frtt  djti 
blue,  then  galled,  and  soaked  in  a  decoction  of  logwonad ;  btita 
more  permanent  colour  is  given  by  the  oxyde  of  iron* 

Mixtures  of  gjllew  and  rid  produce  orange.  When  bine  is 
combined  with  red  and  yellow  on  eloth,  the  resulting  ooloar  it 
oliffe.  Wool  may  be  dyed  orange,  by  first  dyeing  it  aoariet,  and 
then  yellow.  When  it  is  dyed  first  with  madder,  the  result  Is 
cinnamon  coleor.  Silk  is  dyed  orange  by  means  of  c^rtbamns  i 
a  cinnamon  colour  by  logwood,  Braail-wood,  and  fiistio  mixefi 
together.  Cotton  and  lineii  receive  a  cinnamon  cdonr  bjr 
means  of  weld  and  madder;  and  an  olive  coloor^  by  bei^^ 
passed  through  a  blue,  yellow,  and  then  a  madder  batlu 

Mixtures  of  black  with  other  colouri^  constitute  grofe,  Areke, 
and  browns*  If  cloth  be  previously  combined  with  browa 
oxyde  of  iron,  and  afterwards  dyed  yellow  with  qnarcitma 
bark,  the  result  wUi  be  a  drab  of  different  shades,  according  ts 
the  proportion  of  mordant  employed.  When  the  proportion  ii 
small,  the  colour  inclines  to  oUve  or  yellow ;  on  the  contraiy, 
the  dmb  may  be  deepened  or  saddened,  as  the  dyera  tern  it^ 
by  mixing  a  little  sumach  with  the  bark. 

DYKES.  That  the  surface  of  the  earth  has  been  frmtttttti 
si  ace  its  consolidation,  is  proved  by  the  appearanoea  which 
rocks  and  strata  in  many  situations  present  It  ia  farther 
proved  by  the  existence  of  vertical  seams  intersecting  thasi, 
and  filled  with  mineral  matter  of  a  different  kind.  When  thi 
snbstanoe  found  in  tiiese  vertical  seams  is  stone  or  earth,  sad 
they  are  of  considerable  thickness^  they  are  called  dgket  m 
faults.  WheU  filled  with  metallic  ores,  they  are  graerafif 
called  teins, 

DYNAMICS,  is  the  science  of  moving  powers,  or  of  th6 
action  of  forces  on  solid  bodies,  when  the  result  of  that  aetioa 
is  motion.  Mechanics,  in  its  most  extensive  meaning,  is  tkt 
science  which  treats  of  quantity,  of  extension,  and  of  motioai 
Now  that  branch  of  it  which  considers  the  state  of  aoiidi  st 
rest,  such  as  their  equilibrium,  their  weight,  pressure,  Im  k 
called  Statics ;  and  that  which  treats  of  their  motion,  Dgnsmkt. 
So  when  fluids,  instead  of  solids,  are  the  subjects  of  inresUga* 
tiott,  that  branch  which  treats  of  their  equiUbrinm,  ptessarB, 
fcc.  is  called  HgdroHatics,  and  that  whidi  treata  of  Ml 
motion,  Hydrodgnamiee. 

DYSEKTBRV,  in  Medicine,  a  fiux  or  flatnleney  af  fin 
bowels,  occasioned  by  stoppage  of  perspiration,  especially  in 
hot  weather,  unwholesoifM  fockl,  damp  clothes,  tto.  The  noH 
proper  treatibent  is  by  taking  a  gentle  vomit,  followed  fey 
rhubarb,  or  ten  drachms  of  Glauber's  salts. 

DYSPEPSY,  a  difficulty  of  digestion,  for  which  phyiteilil 
prescribe  bitters. 

DYSPNCBA,  a  difficulty  of  breathing,  usually  called  asfirta. 

DYTISCUS,  the  Water  Beetle,  in  Ziiology,  a  genus  of  iaiefd 
of  the  order  coleoptera,  of  which  there  are  23  species. 
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XJj9  the  fifth  letter  in  the  alphabet  as  a  numeral,  stands  for 
9ft0.  In  Music,  it  denotes  the  tone  e^la-mi.  In  the  Calendar, 
It  is  th^  fifth  of  the  dominical  letters.  And  in  Sea-charts,  it 
distinguishes  all  the  easterly  points. 

BAR,  Auftis,  in  Anatomy,  the  organ  of  hearing. 

BARINGS,  are  certain  small  ropes  employed  to  fasten  the 
upper  comers  of  a  sail  to  its  respective  yard,  for  which  purpose 
sne  end  of  the  earing  is  spliced  to  the  cringle  fixed  in  that  part 
df  the  sail,  and  the  other  end  is  passed  five  or  six  times  round 
the  vard-arm  and  through  the  cringle  ;  the  two  first  turns,  which 
are  intended  to  stretch  the  head  of  the  sail  tight  along  the  yard, 
Mb  passed  beyond  the  liA  and  rigging  on  the  yard-arm,  and  are 
aalled  ovtcv  torns,  while  the  rest  which  draw  it  close  op  to  the 


BAR 


yard,  and  are  passed  within  the  lift.  Sec.  are  called  inner  tnrofi- 
N.  B.    Every  reef  on  a  yard  has  its  respective  tarings,  whic^ 
are  passed  in  the  same  manner. 

EARL,  a  British  title  of  nobility,  next  below  a  manjiiii, 
above  a  viscount  Earls  were  anciently  called  eomites^ ' 
they  were  wont  to  wait  upon  the  king  for  counsel  and  advici^' 
The  Germans  call  them  graves,  as  landgrave,  margrare,  palfii^ 
grave,  rheingrave ;  the  Saxons,  ealdermen ;  the  Danes,  eorlai^ 
and  the  English,  earls.    The  title,  originally,  died  with 


of  all  pleas  of  the  sMre  whence  they  had  their  title. 
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i  Marshal  or  Bkgland,  a  icreiit  officer  who  bad 
f  several  courts  under  hit  jurUdicUoo,  aji  the  court  of 
and  the  court  of  honour.  Under  him  U  aUo  the 
oflici*,  or  college  of  aniiii.  He  has  some  pre-eminence 
;ourt  of  Marshalsca,  where  be  may  sit  in  judgment 
those  who  ofl'fiid  within  the  Yer^^e  of  the  king's  court. 
<EST,  a  part  of  the  price  paid  in  advance  to  bind  par* 
ic  performance  of  a  verbal  agreement.  The  party  is 
liged  to  abide  by  his  bargain,  and  is  not  discharged 
rfeiting  his  earnest,  but  may  be  sued  for  the  whole 
Lipulated.  and  damages;  no  contract  for  sale  of  goods 
I  delivered  immediately,  to  the  Yalue  of  £10  or  more,  is 
ilesj  contract  is  made  by  the  parties,  or  those  lawfully 
ed  by  them,  or  earnest  ix  given. 

'H,  in  Astninomy  and  Cieography,  one  of  the  primary 
being  this  terraqueous  globe  which  we  inhabit.    See 

IMY. 

^HQl'AKE,  a  tremor  or  shaking  of  the  earth,  fre- 
aerompanied  with  dreadful  noises  underground,  or  in 
jspluTi'.  often  destroying  towns  and  cities,  throwing 
cks,  levelling  hills,  changing  the  course  of  rivers,  &c. 
it  remarkable  earthquakes  recorded  in  history  arc,  that 
ulaneum.  by  which  that  city  was  wholly  destroyed. 
The  destruction  of  Nicomcdia,  Caesarea,  and  Mica, 
rnia,  A.  1).  \'2G.  A  dreadful  one  in  Syria,  by  which 
fc  hundred  cities  were  destroyed  or  damaged  in  745. 
,  in  Sirily,  destroyed,  and  15,0U0  perished  in  the  ruins, 
I'ort  Hoyal.  in  Jamaica,  witli  3(NH)  inhabitants,  nver- 
1  in  \0Uf2,  Messina,  in  Sicily,  destroyed,  and  above 
ersons  killed,  KSi:).  Lima  and  Callao,  in  South  Ame- 
ttro}ed,  and  '20,(KN)  persons,  1746.  A  dreadful  one  at 
inwhit'h  ahove  lO.iXKlof  the  inhabitants  perished,  1765. 
rthquake  extended  to  Spain,  Morocco.  Constantinople, 
and  England.  The  year  17k;)  was  rendered  remarkable 
estruction  of  the  two  Calabrias  and  part  of  Sicily  ;  but 
I  only  the  beginning  of  a  succession  of  fatal  earth- 
which  continued  to  spread  desolation  over  that  part  of 
d  for  the  space  of  two  years.— The  list  of  these  awful 
ns  of  Pro\idenee  might  be  easily  enlarged,  but  we 
ose  the  enumeration  by  mentioning  two  of  recent 
ire: — rir.  the  dreadful  earthquake  of  the  Caraccas,  in 
kmeriea,  in  1812.  by  which  several  cities  and  towns 
ined.  or  greatly  injured,  and  many  thousands  of  their 
nts  destroyed  ; — and  that  of  Aleppo,  Antioch,  and  the 
ling  country,  in  IHvTi,  by  which  20,000 persons  perished, 
oany  were  maimed  and  wounded. 
ms.  The  stony  or  pulverulent  masses,  which  are  the 
nponent  parts  of  the  mountains,  valleys,  and  plains  of 
•c,  consist  of  a  few  substances  called  earths,  as  barytes, 
^<.  lime,  silica,  magnesia,  alumina  or  clay,  glueine, 
,  yttria.  and  thorin^.  They  are  ineombustible  bat  very 
ubie  in  watir  or  alcohol ;  have  little  or  no  taste;  their 
gravity  less  than  most  of  the  metals;  when  pure,  they 
the  form  of  a  white  powder;  infusible,  capable  of  com- 
rith  tlif  a<-ids.  insipid  to  the  taste,  disposed  to  unite 
alkahe*i.  *(n1phur,  or  phosphorus,  and  each  other,  either 
n  or  Miliitioii  in  water.  The  class  of  earths  will  always 
portant  consideration  with  mankind.  It  is  not  unlikely 
(.•after  th«>  «»tlier  earths  may  be  decomposed,  and  found 
ides  in  like  manner. 

fis,  in  (Chemistry,  are  all  those  stones  which  we  tread 
»ot.  but  which  consist  of  a  few  elementary  principles, 
irths  arc  silex,  alimiine,  mairnesia,  glueine.  }ttria,  and 
I hich.  when  fried  from  foreign  matters,  are  generally 
tc  colour,  insohihli*  in  water,  incombustible,  and  not 
es  the  specific  i:ra\ity  of  witer. 

or  Siiirt  itut  Earth,  is  the  busi<)  of  all  substances  known 
ame  of  quartz  and  silex.  It  has  never  been  found 
1  state  of  nature,  but  in  combination  with  other  sub- 
it  a  hounds  in  almost  every  et»untry  of  the  globe. 
I  flint  contains  ninety-seven  parts  out  of  a  hundred 
it  con«ei|uently  has  given  its  name  to  this  earth, 
ng  the  Latin  word  for  Hint.  When  purified  it  is  a 
iwder.  the  particles  of  which  are  harsh  to  the  touch,  as 
consisted  of  very  minute  grains  of  sand.  It  is  not 
ee  times  as  hea\y  as  water,  and  has  neither  taste  nor 


imell.  Water  will  not  dissolve  it,  nor  any  kind  of  arid,  except 
fluoric.  Sir  H.  IHvy  has  discovered  it  to  ha«e  a  metalllo 
basis,  to  which  he  has  given  the  name  of  nUrium,  Si  lea  hni 
various  uses  in  the  arts,  and  is  one  of  the  most  valuable  sub- 
stances we  are  acquainted  with.  In  various  states  of  comblna* 
tion  it  is  employed  in  the  making  of  roads,  as  an  ingredient  in 
glass,  for  making  chemical  furnaces  and  utensils,  in  the  mana- 
facture  of  pastes  or  artificial  gems,  and  for  innumerable  other 
useful  purposes. 

Aiumine^  is  a  kind  of  earth,  so  called  from  its  forming  the 
basis  of  alum.  It  is  very  soft,  compact,  and  tenacious,  about 
twice  the  weight  of  water,  and  when  breathed  upon,  has  a  smell 
which  is  peculiar  to  all  clayey  i>mduetions.  In  the  fire  It 
shrinks,  and  becomes  so  hard  as  even  to  strike  fire  with  steel. 
It  readily  absorbs  water,  and  is  dissolved  by  most  acids. 
Some  writers  state,  that  pure  alumine  has  been  discovered  in 
a  native  state  near  Halle,  in  Germany.  It  is  found  in  a  crys- 
tallised form,  and  nearly  in  a  state  of  purity,  in  the  Oriental 
ruby  and  sapphire.  From  the  ditierent  combinations  of  alumine 
arc  made  all  kinds  of  earthenware.  To  the  d>er  and  the 
calico-printer  it  is  an  article  of  indispensable  necessity  ;  and 
fullers  and  scourers  of  cloth  employ  it  with  great  advantage  in 
their  respective  operations. 

Zircon^  nhen  freed  from  those  substances  with  which  it  is 
combined,  is  a  white  and  somewhat  rough  powder,  insipid  to 
the  taste,  insoluble  in  water,  and  about  four  times  as  heavy  as 
that  fluid.  It  is  found  in  the  two  kinds  of  prc*cious  stone 
called  jargoon  and  hyacinth,  and  has  not  hitherto  been  applied 
to  any  useful  purpo.He. 

Giucine,  Is  a  kind  of  earth  of  peculiar  nature  which  is  found 
in  the  emerald  and  beryl,  and  when  purified  forms  a  soft, 
light,  and  white  powder,  without  smell,  and  of  a  sHcetish  taste. 
To  the  last  of  these  qualities  it  is  indebted  for  its  name,  which 
is  derived  from  a  Greek  word  signifying  sweet.  It  is  some- 
what unctuous  to  the  touch,  and  about  three  times  as  heavy  as 
water.  The  uses  of  this  earth,  whatever  they  may  be,  are  not 
known. 

Yttria,  is  an  earth  which,  amongst  other  particulars,  differs 
from  glueine  by  its  weight,  since  it  is  nearly  live  times  heavier 
than  water.  In  a  natural  state  it  occurs  as  the  basis  of  a 
black  Swedish  mineral,  called  gadolinite.  When  cleansed  by 
chemical  process  from  all  its  impurities,  it  is  a  fine,  white,  and 
inodorous  powder. 

iiaryfrf,  ii  a  white,  porous,  and  very  heavy  earth,  which  can 
only  be  obtained  pure  by  chemical  process.  It  is  easily 
reduced  to  powder,  and  is  soluble  in  all  kinds  of  acids.  To  the 
taste  it  is  very  harsh  and  caustic,  and  if  taken  into  the  stomach 
proves  an  extremely  virulent  poison.  In  some  respcxts  it 
agrees  with  the  alkalies,  particularly  in  its  property  of  chang- 
ing blue  vegetable  colours  to  green,  and  in  corroding  like  them, 
though  with  less  energy,  all  kinds  of  animal  substances.  From 
these  circumstances  it  has  sometimes  been  denominated  an 
alkaline  earth.  Saturated  with  sulphuric  and  carbonic  aoid,  it 
constitutes  the  minerals  denominated  sulphate  and  carbonate 
of  bary tcs.  It  has  been  discovered  to  have  a  metallic  base, 
which  is  called  barium, 

Sirontian,  is  an  earth  which,  like  barytes,  is  not  found  other- 
wise than  in  combination  with  sulphuric  and  carbonic  acids. 
It  occurs  in  great  abundance  in  different  parts  of  the  world, 
and  when  purified,  forms  a  porous  mass,  of  grayish  white  colour, 
acrid  taste,  and  somewhat  alkaline  nature.  This  earth  con- 
verts vegetable  blue  colours  to  green,  but  docs  not  act  so 
stronglv  on  animal  bodies  as  bar}tci,  nor  is  it  poisonous  like 
that  substance. 

Lime,  the  basis  of  all  those  substances  which  are  denomi- 
nated calcareous^  is  only  to  be  obtained  in  a  state  of  purity  by 
artificial  process.  Combined  with  carbonic  acid,  it  forma 
limestone,  chalk,  and  marble ;  but  correctly  speaking,  none  of 
these  substances  arc  lime,  though  they  arc  all  capable  of  being 
converted  into  such  by  burning.  Lime  may  also  be  obtained 
from  oyster  and  other  sea  shells.  When  pure,  it  is  of  a  white 
colour,  and  moderately  hard  substance,  though  easily  rcducibW 
to  powder.  Its  taste  is  burning  and  acrid,  and,  like  the  alka- 
lies, it  changes  vegetable  bine  colours  to  green.  It  has  like- 
wise the  properly  of  corroding  and  destroying  animal  sub- 
stances.   Lime,  when  pure,  absorbs  water  with  great  avidity^ 
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becomei  hot,  and  falb  iolo  powdei.  Ejta  merely  expofcd  to 
Um  open  air<  it  gradaally  attracts  moiitura,  and  assiimea  a 
powdery  form;  soon  after  which  itiiecomes  utarnted  with  car- 
Donic  acid  from  the  atmosphere,  aod  is  tbereky  again  oouverted 
into  carbonate  of  lime.  It  occars  abaDdantljr  in  almost  every 
coantry.  bat  always  Id  combEDBtion  with  some  acid,— carbooic, 
■qlpburio,  boracic,  fluoric,  or  phosphate.  This  substance  bas 
a  metallic  basis,  which  has  been  denooiinaled  co/cium.  The 
particular  uses  of  lime  will  be  hereafler  detailed. 

Magnetia,  is  a  light  and  perfectly  while  kind  of  earth,  of 
■oft  powdery  appearance,  without  taste  or  smell,  and  some- 
what more  than  twice  as  heaiy  as  water.  It  is  not  found  in 
this  pare  state  in  nature,  bnt  may  be  prepared  from  Epsom 
salt,  which  consists  of  magnesia  in  onioQ  with  snlpburic  acijj. 
The  slightly  acrid  taste  observable  in  the  macnesia  used  in 
medicine,  arises  from  a  portion  of  lime  which  it  contains. 
This  substance  does  not  diasolve  in  water,  but  is  soluble  in 
every  kind  of  acid.  It  bas  tbe  properly  of  changing  delicate 
bloc  colours  to  green. 

EASE  THE  Ship,  the  command  given  to  the  steersman  to 
put  the  helm  close  lo  the  lee-side,  or,  in  the  sea  phrase,  hHrd-a- 
lee,  when  the  ship  is  expected  to  pilch  or  plunge  her  fore  part 
deep  in  the  water,  while  close-hauled.  The  reason  usually 
Kiven  for  this  practice  is,  that  the  sudden  movement  of  the 
helm  prevents  the  ship's  head  from  falling  with  so  mnch  weight 
and  rapidity  into  the  hollow  of  the  sea,  as  it  would  otherwise  do ; 
which  is  presuming,  that  the  slow  and  uncertain  effect  of  the 
helm  is  sufficient  lo  retard  the  certain  and  violent  action  of 
gravity,  a  position  that  necessarily  infers  a  very  singular  theory 
of  mechanics.  We  shall  not  endeavour  to  advance  any  arga- 
ment  in  favour  of  this  practice,  only  to  remark,  that  it  is  most 
religiously  observed  both  in  merchant  ships  and  his  majesty's 
navy. 

EASTER,  a  Festival  of  the  Christian  charch,  observed  in 
memory  of  our  Saviour's  resnrrcciioo.  The  Asiatic  churches 
kept  their  Easter  on  the  same  days  the  Jews  observed  their 
passover:  and  others,  on  the  first  Sunday  after  the  Erst  full 
moon  in  the  new  year.  This  controversy  was  determined  in 
tbe  council  of  Nice,  when  it  was  ordained,  that  Easter  should 
be  kept  on  one  and  the  same  day,  which  should  always  be  a 
Sunday.  But  though  the  Christian  chnrches  differed  as  to  the 
time  of  celebrating  Easter,  all  agreed  in  shewing  particular 
respect  to  this  festival. 

EAU-DE-LUCE,  a  volatile  preparation,  thus  made;  tenor 
twelve  grains  of  white  soap  are  dissolved  in  four  ounces  of 
rectified  spirit  of  wine,  after  which  the  solution  is  strained,  and 
a  drachm  of  rectified  oil  of  amber  is  added,  and  the  whole  is 
filtrated.  Afterwards  some  strong  volatile  spirit  of  sal  ammo- 
nia should  be  mixed  with  the  solution. 

EAVES,  in  Architecture,  the  margin  or  edge  of  the  roof  of 
a  hoase,  being  the  lowest  tiles,  slates,  or  thatch,  that  hang  over 
the  walls,  to  throw  off  the  water  at  some  six  or  nine  inches 
from  the  wall. 

BBB,  the  reflox  of  the  tide,  or  the  return  of  it  back  from  the 
highest  of  the  flood,  nsually  termed  fall  sea,  or  high  water. 

EBENUS,  the  EboHy  Tret,  a  genus  of  the  decandria  order, 
in  the  diadelphia  class  of  plants,  and  in  tbe  natural  method 
ranking  under  the  32d  order,  papilionacese.  There  are  two  spe- 
cies, 1.  The  cretica.a  native  of  Crete  andotherislands  in  the 
Archipelago,  rises  with  a  shrnbby  stalk  three  or  four  feet  high, 
which  pats  out  several  aide  branches  with  hoary  leaves  at  each 
joint,  composed  of  Ave  narrow  spear-shaped  lobes,  which  join 
at  their  tails  to  the  foot-stalk,  ana  spread  like  the  fingers  of  a 
hand.  The  branches  are  terminated  by  spikes  of  purple  flow, 
era.  3.  The  pinnate,  a  biennial,  and  also  a  native  of  the 
Levant,  eonsfitntes  the  genns  ebenus  of  botanists ;  but  that 
which  is  called  thong  wood,  and  which  is  broaght  from  the 
Indies,  is  hard  and  heavy,  susceptible  of  a  fine  polish,  and  on 
that  accoant  is  used  in  inlaid  works,  he. ;  the  most  asnal 
ebonies  are  black,  red.  and  green,  which  come  from  Madagas- 
car and  the  island  of  St.  Maurice.  Black  ebony,  preferred 
to  the  others,  Is  now  much  less  ased  than  formerly,  since  the 
discovery  of  so  many  ways  of  giving  other  bard  woods  a  black 
colonr.  The  green  ebony,  besides  Madagascar  and  St.  Man- 
rice,  grows  in  the  Isle  of  Tobago.  Of  red  ebony,  called  also 
grenadilla,  we  know  little  more  than  the  name.    Cnbitiet- 


makers,  in-layers,  lu:,  make  pear  tree  and  olkor  unMa  pan 
for  ebony,  by  giving  them  a  black  ooloar  with  a  stioiiK  decoo- 
tion  of  gails,  to  which  ia  added  a  small  qnanlity  of  vitriolated 
iron. 

EBULLITION,  tbe  act  of  boiling  np  with  heal,  when  a  flaid, 
as  water,  is  passing  off  from  a  state  of  fluidity  to  that  of  aa 
uniform  gas,  in  consequence  of  tbe  application  of  heat,  which 
converts  the  water  into  vapour  or  steam. 

ECCENTRIC,  in  Geometry,  denote*  two  circles,  or  spheres, 
which,  though  contained  in  some  measure  within  each  other, 
yet  have  not  the  same  centre ;  and  is  thas  opposed  ta  coocco. 
trie,  which  indicates  .that  two  figures  have  a  common  centic. 
In  Astronomy,  tbe  eceeiUrit:  place  of  a  planet  is  its  plac«  ai 
seen  from  the  sun.  aod  which,  when  referred  to  the  ecliptic, 
coincides  with  the  heliocentno  longitude.  And  the  tectntrieitf 
ot  a  planet  is  the  distance  between  the  centre  and  focus  of  the 
ellipsis  in  which  it  revolves. 

ECCLESIASTICAL  COURTS,  as  the  AreUdtaftm'i,  the 
Contiitory,  the  court  of  Arcliei,  the  Peculiar'*,  the  Frtragatut, 
and  the  court  of  DeUgftei. 

ECHENEIS,  the  Jtemnra,  in  Ichthyology,  a  genas  hflloBgiB|; 
to  the  order  of  thoracici,  of  which  there  are  two  species.  1,  Tlw 
remora,  or  sucking-fish.  2.  The  neucrates  ;  both  natives  of 
tbe  Indian  ocean.  They  were  often  found  adhering  so  strongly 
to  the  sides  of  sharks  and  other  great  fish,  as  to  be  got  off  wiih 
difficulty, 

ECHINUS,  in  Ziiologj,  the  seabedge-hog,  ageDasofinMets 
belonging  to  the  order  of  vermes  mollusca. 

ECHO,  a  sound  reflected,  or  reverberated  from  a  solid  cdd- 
cave  body,  and  thence  repeated  to  the  ear.  See  Acoustics. 

ECLECTICS,  ancient  Philosophers,  who,  without  attachinj 
themselves  to  any  particalar  sect,  selected  whatever  appeared 
to  them  the  best  and  most  rational  from  each. 

ECLIPSE  OF  THE  Sun,  is  an  occultation  of  part  of  the  ftu 
of  the  sun,  occasioned  by  an  interposition  of  the  moon  betweei 
the  earth  and  the  sun,  consequently  all  eclipses  of  the  son 
happen  at  the  time  of  new  moon. 

Eclipse  of  the  Moon,  is  a  privation  of  the  light  hf  tbe  moon, 
occasioned  by  an  interposition  of  the  earth  between  the  sun  and 
tbe  moon,  consequently  all  eclipses  of  the  moon  happen  at  fall 
moon ;  for  it  is  only  when  the  moon  is  in  opposition,  that  it  can 
come  within  the  shadow  of  tbe  earth,  which  must  always  be  oa 
that  side  of  the  earth  which  is  from  tbe  sun.    The  earth  being 
in  the  plane  of  the  ecliptic,  the  centre  of  its  shadow  is  always 
in  that  plane ;  if  therefore  the  moon  be  in  its  nodes,  that  is,  icK 
the  plane  of  the  ecliptic,  the  shadow  of  the  earth  will  fall  npoiM. 
it;  also,  since  this  shadow  is  of  considerable  breadth,  iti^ 
partly  above  and  partly  below  the  plane  of  the  ecliptic;  itf 
therefore  the  monn  in  opposition  be  so  near  one  of  its  nodes  -^ 
that  its  latitude  is  less  than  half  the  breadth  of  tbe  shadow,  I'M 
will  be  rclipsed.    But,  because  the  plane  of  the  moon's  orbi'4 
makes  an  angle  of  more  than  five  degrees  with  the  plane  of  ib^ 
ecliptic,  it  will  frequently  have  too  much  latitude  at  its  opposi-  - 
tion  to  come  within  the  shadow  of  the  earth. 

Now  let  S  represent  the   snn,  as  in    the    figure,  m  th^ 
moon  between  the  earth  and  (be  snn,  aEGb  a  portion  oflb^ 


earth's  orbit,  t  tinij  two  places  on  the  surface  of  the  earll* 
The  dark  part  of  the  moon's  shadow  ia  called  the  umAtm,  aa^ 
the  light  part  the  petuimhra  ;  and  it  is  evident,  that  if  a  apcct^' 
tor  be  situated  on  that  part  of  the  earth  where  the  Mmb-a  ttH^- 
that  is  between  c  and/,  there  will  be  a  total  eclipse  of  the  am' 
at  that  place ;  at  e  and/,  in  the  peoumbra,  there  will  be  ^pmrti^' 
eclipse,  and  beyond  the  penumbra  there  will  be  no  eclipse.  A- ' 
tbe  earth  is  not  always  at  the  same  distance  from  tihe  mooo,  A' 
Ri)  eclipse  should  happen  when  the  earth  is  so  far  from  tlv' 
moon  that  the  lines  Fe  and  Cf  cross  each  other  before  tb0j 
come  to  the  earth,  a  spectator  situated  on  tbe  earth,  in  a  dire^^ 
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£FFECT»  the  resvlt  or  comeqaence  of  the  applieation  of  a 
oaase  or  agent,  o&  some  sabject.  It  is  an  axiom  in  philosofihyy 
that  effects  are  proportional  to  their  adequate  caases. 

EFFECTION,  denotes  the  geometrical  construction  of  a 
proposition ;  it  is  also  ased  in  reference  to  problems,  which 
when  they  are  dedncible  from,  or  founded  upon,  some  general 
propositions,  are  called  the  geometrical  effections  of  them. 

EFFERVESCBNCE,  a  small  degree  of  ebullition:  the 
agitation  produced  by  the  mixture  of  an  acid  and  an  alkali. 

EFFICIENT  Cause,  that  which  produces  an  effect. 

EFFLORESCENCE,  the  effect  which  takes  place  when 
bodies  spontaneously  become  converted  into  a  dry  powder. 
It  is  almost  always  occasioned  by  the  loss  of  the  water  of  crys- 
tallization in  saline  bodies.  Natron  is  an  example  of  efllo- 
rescence,  when  it  appears  as  a  salt  on  the  surface  of  the  ground. 
Alum  effloresces  in  the  same  way. 

EFFLUVIUM,  in  Physiology,  the  minute  particles  which 
exhale  from  most,  if  not  from  all  bodies  in  nature ;  a  sort  of 
invisible  vapour,  sensible  only  by  its  effect  on  the  organ  of 
smelling.  Effluvia  however  in  some  cases  become  visible,  con- 
stituting that  which  in  animals  and  plants  makes  the  matter  of 
perspiration. 

EFFORT,  a  term  frequently  used  by  mathematicians  and 
philosophers,  to  denote  the  force  by  which  a  body  in  motion 
tends  to  produce  an  effect,  whether  the  effect  be  really  pro- 
daced,  or  impeded  by  any  obstacle  which  intervenes. 

EGGS.  The  eggs  of  hens,  and  of  birds  in  general,  are  com- 
ppsed  of  several  distinct  substances.  1.  The  shell,  or  external 
cbating,  which  is  composed  of  carbonate  of  lime  *72,  phosphate 
of  lime  '02,  gelatine  '03.  The  remaining  *23  are  perhaps  water. 
2.  A  thin,  white,  and  strong  membrane,  possessing  the  usual 
characters  of  animal  substances.  3.  The  white  of  the  egg,  for 
which  see  Albumen.  4.  The  yolk,  which  consists  of  an  oil, 
united  with  a  portion  of  serous  matter,  sufficient  to  render  it 
diffusible  in  cold  water,  in  the  form  of  an  emulsion,  and  con- 
orcscible  by  heat.  Yolk  of  egg  is  used  as  the  medium  for 
rendering  resins  and  oils  diffusible  in  water. 

Preservation  of  Effgs  for  many  Years, — Dip  them  in  a  solu- 
tion of  gum  arable  in  water,  and  imbed  them  in  powdered 
charcoal.  Charcoal  being  a  non-conductor  of  heat,  a  uniform 
temperature  will  be  preserved  when  moved  from  one  climate 
to  another.  The  method  of  preserving  eggs  by  dipping  them 
in  boiling  water,  which  destroys  the  living  principle,  is  too  well 
known  to  need  further  notice. 

EIGHT,  a  number  consisting  of  twice  four.  Eighth,  an 
ordinal  number,  the  next  after  the  seventh. 

EJECTMENT,  in  Law,  is  a  mixed  action,  by  which  a  lessee 
for  years,  when  ousted,  may  recover  his  term  and  damages  ;  it  is 
real  as  to  the  lands,  but  personal  as  to  the  damages. 

ELi£IS,  a  genus  of  plants  belonging  to  the  natural  order  of 

Ealmse.  There  is  one  species,  from  the  fruit  of  which,  resem- 
iing  an  olive  in  shape,  the  negroes  extract  the  palm  oil. 
ELASTIC,  that  power  which  a  body  has  of  returning  to  the 
form  from  which  it  has  been  distorted.  Thus  the  branch  of  a 
tree,  the  blade  of  a  sword,  &c.  are  said  to  be  elastic,  because 
if  they  are  bent  to  a  certain  degree  and  then  let  go,  they  will 
of  themselves  return  to  their  original  form.  Hence  Elastic 
Bodies  are  such  as  admit  of  having  their  form  altered  by  the 
application  of  a  force  or  pressure,  on  the  removal  of  which  they 
wiU  recover  their  original  form  or  figure.  In  this  respect  all 
bodies  which  come  within  our  knowledge,  are  comprehended 
under  one  of  these  three  distinctions.  If  two  bodies,  when 
pressed  together,  suffer  an  alteration  in  their  form,  and  if  after- 
wards, on  removing  that  pressure,  they  recover  their  original 
figures,  they  are  called  elastic.  If,  when  pressed,  their  forms  are 
not  in  the  least  altered,  they  are  called  hard.  And  if,  when 
beiog  pressed  as  above,  they  alter  their  forms,  and  retain  the 
same  after  the  pressure  is  discontinued,  they  are  called  soft. 
And  both  these  last  kind  of  bodies  are  termed  non-elastic.  We 
know,  however,  of  no  bodies  that  are  perfectly  hard,  soft,  or 
elastic^  but  all  partake  of  these  properties  in  a  greater  or  less 
degree.  Water  was  for  a  long  time  supposed  to  be  incom- 
pressible, and  perfectly  non^lastie,  but  experiment  shews,  that 
this  supposition  was  erroneous ;  aod  air,  which  is  the  most 
elastic  fluid  we  know  of,  is  now  known  not  to  possess  this  pro- 
perty in  a  perfect  degree. 


The  principal  Pkenomemt  obeervahU  in  Shutie  3&dm,r~\,  A 
perfectly  elastic  body  has  a  tendency  to  restore  itself  with  At 
same  force  with  which  it  is  pressed  or  bent.  3.  An  fMk 
body  exerts  its  force  equally  on  aU  sides,  but  the  effect  is  taii 
principally  where  there  is  the  least  resistance.  3.  Slastiebediei, 
in  whatever  manner  they  are  stmck  or  bent,  are  reieottd,  mk 
rebound  with  the  same  force  in  an  opposite  directicui ;  that  m 
elastic  body  will  rebound  from  the  plane  on  which  it  impagtt, 
with  the  same  velocity  with  which  it  meets  it,  and  so  as  Is 
make  the  angle  of  reflection  equal  to  the  angle  of  inddeoee. 
4.  A  perfectly  fluid  body  (being  defined,  that  which  canaot  hs 
compressed,)  cannot  be  elastic.  5.  A  perfectly  solid  body 
cannot  be  elastic.  6.  The  elasticity  of  most  bodies,  paitic*- 
larly  of  long  and  slender  forms,  may  be  easily  shewn,  and  tnm 
in  very  hard  and  compact  bodies  their  elasticity  may  be  masi* 
fested  in  various  ways ;  thus,  for  instance,  let  a  marble  sbh, 
or  a  flat  and  smooth  iron,  be  covered  with  black.  lead,  or  wiA 
printing  ink ;  then  drop  an  ivory  ball  upon  it  from  diflbml 
heights,  and  the  degree  of  compression  on  it  will  be  indieated 
by  the  magnitude  of  the  spot  which  will  be  found  npoo  lit 
ivory  ball. 

Elastic  Curve,  is  the  name  that  James  Bernoulli  gave  to  lit 
curve  which  is  formed  by  an  elastic  blade,  fixed  horiaootaUy 
by  one  of  its  extremities  in  a  vertical  plane,  and  loaded  at  lis 
other  extremity  with  a  weight,  which  by  its  gravity  beads  tit 
blade  into  a  curve,  the  determination  of  which  involves  i 
tigations  of  the  most  intricate  order.  This  cnrve  is  the 
which  a  perfectly  flexible  right  lino  wonld  form  itself  into 
supported  at  its  two  extremities,  and  loaded  with  an  anifiini 
fluid  which  fills  the  whole  cavity  of  the  curve,  and  is  theiefae 
not  the  same  as  the  catenary,  though  frequently  confooBdai 
with  that  cnrve. 

Elastic  Fluids,  are  those  which  are  possessed  of  an  elailit 
property,  as  air,  steam,  &c. 

Elastic  Gum,  the  same  as  caontchonc,  or  Indian  rubber. 

ELASTICITY,  is  that  property  of  bodies  by  which  tl«y 
restore  themselves  to  their  original  figure  after  compresrioa 
Various  hypotheses  have  been  advanced  by  pbilosophwi  It 
account  for  this  important  property,  some  attributing  it  to  sat 
cause,  and  some  to  another  ;  it  is,  however,  now  more  generalf 
supposed  to  arise  from  the  presence  of  caloric,  and  the  attrat- 
tive  and  repulsive  powers  that  have  place  between  the  miaote 
particles  which  constitute  a  body,  whether  it  be  a  solid  or  flaU. 

ELATINE.  A  vegetable  principle  lately  discovered  in  tte 
juice  of  the  seeds  of  the  momordica  elaterium,  or  cacombcr. 
It  is  most  violently  purgative. 

ELBOW  in  the  Hawse,  is  when  a  ship,  being  moored  is  a 
tideway,  swings  twice  the  wrong  way,  thereby  caosiog  Ik 
cables  to  take  half  a  round  turn  on  each  other. 

ELDERS,  among  the  Jews,  persons  of  great  age,  experiese^ 
and  wisdom.  Elders,  in  the  Presbyterian  discipline,  are  oflleen 
who,  with  the  ministers  and  deacons,  compose  the  sessions  if 
the  kirk.  The  elders'  business  is  to  assist  the  miniate  ia 
visiting  the  congregation  upon  occasion,  to  watch  over  He 
morals  of  the  people  of  his  district,  and  to  give  them  private 
reproof  in  case  of  any  disorder;  but  if  the  scandal  be  gross,  or 
the  person  obstinate,  he  lays  the  thing  before  the  aessioa. 
Elders  are  chosen  from  among  the  most  substantial,  knovia(» 
and  regular  people,  by  the  session  or  consistory  of  the  kirk. 
There  is  a  ruling  elder  in  every  session :  he  should  be  a  man  of 
spotless  character,  and  of  principal  consideration  and  intereit 
in  his  parish  :  he  is  chosen  out  of  the  kirk  session :  the  conj^ 
gation  is  to  approve  of  the  choice :  the  minister  ordains  him 
before  the  congregation :  c  may  be  chosen  to  assist  in  aay 
church  judicatory,  and  in  all  manner  of  government  and  disd- 
pline,  for  he  has  an  equal  vote  with  the  remainder. 

ELECTION,  in  Numbers,  is  the  dificrent  ways  of  taking  aay 
number  of  quantities  given  ;  in  combination  thus,  the  qoaatitief 
abc  may  be  taken  different  ways,  as  a  fr  c,  or  a  6,  a  c,  and  a,  h,  e, 

ELECTIVE  Attraction.  The  principle  of  all  chemicil 
operations,  which  enables  us  to  decompose  certain  bodies,  aad 
to  compound  others,  is,  that  every  substance  has  a  oertaia 
peculiar  affinity  for  other  substances,  but  not  in  an  eqnal  degree. 
Chemical  affinity  observes  certain  laws,  which  are  called  tkt 
laws  of  affinity,  and  which  are  as  follow : — Chemical  afiaity 
exerts  its  action  between  a  namber  of  bodies,  simple  or  000 
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tod  Qiiitei  them  chcmirall  j  into  one  whole.  Sod«  will 
with  aulpbutic  acid,  fuinuDft  a  diDerent  lubiilance 
her;  rtr.  sulphate  of  loila.  The  puwer  of  chemical 
■  in  an  inverse  ratio  to  tliat  of  corpuiculai  attraciiua. 
ncj  of  ibe  aHiniiy  of  compasiiion,  ur  cheniical  afGnily, 
lusislcil  or  rrlnrdcd  by  dilTerciit  decrees  of  tempera- 
henical  affinity  ii  arromjiaiiicd  by  a  change  of  loinpe- 
M  iu  ihc  mixture  of  lulphuric  acid  «ith  waier.  The 
if  chrmical  alDaity  between  two  or  more  )*odici,  may 
ant  until  it  be  culled  into  action  by  the  inlerpuailion  of 
whiob  freiiucntly  exerts  no  energy  apon  cither  of  them 
«rRtr  state.  MelaU  arc  not  aifeetcd  by  acida  until 
:  preiCDi.  The  deKM^  of  cnerny  in  chemical  affinity 
Ctwi'cii  various  budies.  is  different  in  different  lab- 
Nilric  acid  bas  moic  HfUnity  fur  potash  than  for  iron, 
oa  of  chemical  aBiDity  is  cither  limited  or  uuliuiited  ; 
words,  cbeuiieult  urc  capable  of  uaitinic  in  definite  or 
■ile  pruportiuuii.  The  decree  iif  chemical  aihuily  of 
bodies,  is  mudilled  in  proportion  to  Iho  qusntiliei  or 
>f  the  subxlauces  employed. 

TRICITY,  the  name  of  an  nnknnwn  aalaral  power 
roduces  a  enat  variety  of  peculiar  and  lurpriiiof;  pbe- 
,  Ihc  first  of  which  ate  nupposed  to  have  been  observed 
iperal  substance  culled  aiMir,  whence  they  have  been 
lUcd  ritclrieal  fiAmamriut,  and  the  laws,  hypotiiCMS, 
ents,  fee.  by  which  they  are  eiplained  and  illustrated, 
«lher  the  science  of  elcct/icity.  The  electric  property 
T  was  known  to  Thales,  wliu  lived  dhoul  liiN)  years 
ur  xra,  thouRh  Theophrnslus,  who  Soutidhcd  about 
ra  after  Thales,  is  the  liisl  author  Hbo  makes  any 
remark  on  this  :<ubject.  Some  other  uf  tbe  ancients 
■.ak  slightly  on  this  head,  but  still  tbey  coofinrd  its 
>  the  two  subalanccs  amber  and  jet,  and  knew  oolbinK 
if  itn  elfeet  except  its  power  of  altraetinK  light  lub- 
aDer  bcini;  excited  by  fi-iction.  Electricity  may  thcre- 
louidered  nx  a  modern  science  of  on  hi<(ber  date  than 
e  year  l(KK>,  when  Utl1>ett,  a  native  of  Culcbeslcr,  and 
Uo  in  London,  pubM.'ibcd  his  treatise  "  Ue  Mafcocte," 
I  arc  eontainod  many  considerable  experiments  and 
iea.  Boyte.  Ulto  Gucricke,  L)r.  Wall,  and  some  others, 
few  inEeniuus  experiments ;  but  it  was  not  before  the 
)0  that  any  important  step  had  been  made  in  this 
In  this  year  llawksbee  wrote  on  the  subject  of  elec- 
lad  noticed  the  great  electrical  power  of  glas-i,  and  the 
leeediop  from  it :  he  also  Gr-it  heard  tbe  ooine  attcudinf; 
Ution.  and  a  vuricly  of  other  phenomena  relalini;  to 
J  attrartiou  and  repulsion ;  at  tbe  same  lime  be  intro- 
Klass  fEliibc  into  ibt^  electrical  apparatus ;  and  to  this 
ndebted  fur  majiy  of  his  most  important  discoveries, 
an  interval  of  twenty  years,  Stephen  Grey  eslablished 
fa  in  the  bixlury  of  electricity.  To  bim  we  owe  the 
J  of  i-onitniinicntinf!  the  power  of  native  electrics  to 
dies  in  wbirb  it  lannoi  he  excited,  by  aupporiiait  tbem 
a  lines,  hiiir  lines,  cakes  of  resin,  or  glass,  and  a  more 
I  distinction  than  had  hitherto  nblnioed  between  etrr- 
1  non-flertrics :  be  also  shewed  tbeedi'cl  of  electricity 
r.  more  obviously  than  had  been  done  by  (ijibert. 
Kperimenlsof  drey  were  repeated  by  M.  ilu  Fay,  mem- 
bn  Academy  of  Sciences  at  Paiis,  to  wbirb  he  addi-d 
!w  obseTvutions  and  di^eoteries  of  his  own. 
[ulier  followed  (ircy  by  addin:;  many  experiments  to 
ice.  Itut  the  most  remarkable  diseovery  that  had  yrl 
.de  in  this  »eienee.  wat  in  the  end  of  the  year  \'i'i,  and 
IK  nf  IT-lfi.  This  was  tbe  method  of  iiivini;  the  elcetrie 
f  the  arcumululion  uf  the  piiuer  of  electricity  in  a  vial. 
1  its  name  nf  ihi;  Levden  Vi:il,  trnin  l^wia-u.i,  a  native 
m,  who  exhibited  it  as  he  wus  ri'peuliiii;  some  cxperi- 
ade  bt  Mi'iurs.  Mutclienbrork  and  Altainand,  profes- 
Jte  university  uf  that  eily.  It  is  said  be  was  ool,  how- 
S  inventor.  Tbe  merit  of  this  discovery  (if  any  merit 
■ariibed  to  a  diseuvery  made  b>  aceidi-ntj  lirlonES  to 
I  kleisi,  dean  uf  the  eatbcdral  at  Caroin.  Soon  anrt 
>r«er,  a  method  uf  fci^ixK  'he  shork  was  disrovered  in 
.  by  Cun.vns ;  and  the  disruvery  of  this  powerful  effect 
eclrie  fluid  immediately  raised  the  attention  uf  all  the 
ihcca  in  Europe.    Electricity  roae  tit  that  celcbriljr  il 


has  now  attaiacd,  by  iha  naatr^  inbonra  of  aoeeraiive  indht 
duals,  anung  whom  Ga*eBdiih,  Prieatley,  and  FrankliB,  ar* 
illuslriuus, 

Elkctkic  \h  lUmehku,  denotas  tbe  principal  part  at  the  elec- 
tric apparatus,  so  eonstructed  as  to  be  capable  of  exciliaf  a 
Rreal  quantity  uf  tiie  elcclHa  fluid,  ami  exbihitiaic  il>  rllecta  ia 
a  very  icosible  manner.  A  Kreat  variety  of  forms  have  bee* 
Kiven  to  electrical  machines. either  fur  Ihetakeof  canvenieiice, 
ur  in  order  to  render  ttieir  effects  mure  poaerfalj  we  «iiall, 
howcKT,  only  explain  une  of  tlie  must  simple  furms.  rs  cod- 
slrucied  by  the  late  Mr.  Adams,  which  is  represented  in  tbe 
fuilowinK  figure,  and  may  be  described  ai  follows:— The 
cylinder  Full  I,  is 
supported  by  two 
strung  ptrpcndieu- 
lar  pici-es  It  K.  The 
axil  uf  one  cap  uT 
Ihc  cylinder  moves 
in  a  small  hole,  at 
tbe  upi'ir  part  of 
one  of  the  snpporla, 
and  the  opposite 
axis  pasaei  tbroagh 
the  upper  part  of 
tbe  other  aupport. 
To  this  end  tho 
handle  or  winch  is 
fitted,  and  the  cush- 
ion is  supported 
and  insulated  by  a 
glass  pillar,  tho 
luaer  part  of  which 
is  fitted  into  a 
wooden  (Ocket,  to  which  a  rcfcolating  screw  is  adapted,  to 
increase  or  diminish  the  pressure  of  the  cushion  againat  tho 
cylinder.  A  piece  of  silk  comes  from  tho  under  edjce  of  tbo 
cushion,  and  lies  on  the  r>  Under,  passing  between  it  and  the 
cushion,  and  proceeding  till  it  nearly  meets  the  collecting  pololi 
of  the  conductor.  Tho  more  ktrongly  this  eundurtor  is  mado 
to  adhere  to  the  cylinder,  ihc  stronger  is  the  degree  of  exciu> 
tion.  Uefore  tbe  cylinder,  or  opposite  to  the  eashioo.  is  a 
metallic  tube  Y  7,.  supported  by  a  glass  pillar  L  M.  This  ia 
sometimes  called  the  prime  rnnductor.  often  only  the  conduc- 
tor; and  for  the  more  conveniently  trying  eipcrimenU  on  tbo 
two  powers,  and  exhibiting  the  dilTerent  states  of  the  cushion 
and  conductor,  there  are  two  wires  to  be  fixed  orcasionally, 
tbo  one  to  tbe  eimduetor.  Die  other  to  the  cushion;  on  the 
upper  part  of  tliese  are  balls  furnished  with  sliding  wires,  that 
tbey  may  be  set  apart  from  each  other  at  different  riistancea. 
The  annexed  figure  represents  another  view  of  Ibe  Bleelrical 
Plate  Machine,  the  construction  of  wbicb  will  be  readily  cob- 
prHicnded  by  tbe  different  letters  which  are  referred  to  tho 
same  parts  iu  both  vie»s. 

^  Before  the  electrical  machine  is 

put  in  njotioB,  examine  thnse  parti 
which  are  liable  to  wear,  eitbcr  from 
the  frieiion  of  one  surface  against 
another,  or  to  he  injured  by  the  dirt 
that  ma^  insinuate  itself  belweea 
Uie  rubbing  sarbces.  If  any  grat- 
ing or  disagreeable  nuiae  is  heard. 


with  a  small  quantity  of  tallow ;  a 
liillr  of  ahich  should  also  be  occa- 
sionally applied  to  the  axis  of  Iha 
cylinder  itself.      If  the  screws   by 
which  the  frame  is  fixed  are  looae, 
tbey  should  lie  tightened.     Havliw 
examined   the  different  parts  of  (be 
machine,  and  put  them  in  nrder,  the 
glass  eylioder.and  the  pillars  which 
support  the  cushion  and  cooductor, 
should  lie  well  wiped  with  a  dry  silk  handkerchief,  to  free 
them  fniai  the   moisture  which  glass  altiaets  from  the  air, 
being  particularly   atteatJTo    to    leave   no   taolilaro  oa  tho 
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ends  of  tlie  cylinder,  as  any  damp  on  these  parts  carries  off 
^e  electric  fluid,  and  weakens  the  force  of  the  machine ;  in 
▼ery  damp  weather  it  will  be  proper  to  dry  the  whole  machine, 
by  placing:  it  at  some  little  distance  from  the  fire.  Care  should 
be  taken  that  no  dust,  loose  threads,  or  filaments,  adhere  to  the 
cylinder,  its  frame,  the  conductors,  or  their  insulating  pillars ; 
because  these  will  gradually  dissipate  the  electric  fluid,  and 
prevent  the  machine  from  acting  powerfully.  When  you  are 
satisfied  of  this,  rub  the  glass  cylinder  first  with  a  clean,  coarse, 
dry,  warm  cloth,  or  a  piece  of  wash  leather,  and  then  with  a 
piece  of  dry,  warm,  soft  silk ;  do  the  same  to  all  the  glass 
insulating  pillars  of  the  machine  and  apparatus  ;  these  pillars 
must  be  rubbed  more  lightly  than  the  cylinder,  because,  being 
varnished,  they  may  be  damaged  by  too  much  friction. 

We  come  now  to  consider  electrics  and  conductors,  which  may 
be  disposed  according  to  the  order  of  their  perfection,  beginning 
In  each  column  with  the  most  perfect  of  their  class.  Thus, 
glass  is  a  more  perfect  electric  than  amber,  and  pold  is  a  better 
conductor  than  silver. 


Electrics* 

Glass  of  all  kinds. 

All  precious  stones,  the  most 
transparent  the  best. 

Amber.     Sulphur. 

All  resinous  substances. 

Wax,  silk,  and  cotton. 

Dry  external  animal  substan- 
ces, as  feathers,  wool,  &  hair. 

Paper.    Loaf  sugar. 

Air,  when  dry. 

Oils  and  metallic  oxides. 

Ashes  of  animal  and  vegetable 
substances. 

Most  hard  stones. 


Conductors. 
All  the  metals  in  the  following 

order : 
Gold,  silver,  platina,  brass 
Iron,  tin,  quicksilver,  lead. 
The  semi  metals. 
Metallic  ores. 
Charcoal. 

The  fluids  of  the  animal  body. 
Water,  especially  salt  water, 

and  other  fluids,  except  oil. 
Ice,  snow. 

Most  saline  substances. 
Smoke,    steam,  and  even  a 

vacuum. 


Professor  LapostoUe,  of  Amiens,  has  discovered  that  straw 
possesses  the  quality  of  serving  as  a  conductor  to  lightning 
and  hail.  Repeated  experiments  have  convinced  him,  that 
straws  united  together  serve  equally  well  as  the  iron  rods  now 
fixed  upon  buildings  for  the  former  purpose,  at  the  same  time 
that  they  are  not  attended  with  similar  inconvenience.  In 
consequence  of  this  discovery,  the  common  buildings  may  be 
secured  from  the  efi'ects  of  lightning  in  the  most  economical 
manner ;  and  even  crops  on  the  land  may  be  protected  from 
the  ravages  which  they  sometimes  sufler  from  hail. 

It  may  be  proper  in  some  cases  to  place  a  hot  iron  on  the 
foot  of  the  conductor,  in  order  to  evaporate  the  moisture  which 
would  otherwise  injure  the  experiments.  It  may  also  be 
observed,  that,  I.  To  excite  the  machine,  it  is  requisite  to  clean 
the  cylinder,  and  wipe  the  silk.  2.  Grease  the  cylinder,  by 
turning  it  against  a  greasy  leather,  till  it  is  uniformly  obscured. 
The  tallow  of  a  candle  will  answer  this  purpose.  3.  Turn  the 
cylinder  till  the  silk  flap  has  wiped  off  so  much  of  the  grease  as 
to  render  it  semi-transparent.  4.  Spread  some  amalgam  on  a 
piece  of  leather,  and  apply  this  against  the  turning  cylinder. 
By  this  means  the  friction  will  immediately  increase,  and  the 
leather  must  not  be  removed  till  it  seems  to  have  attained  its 
maximum;  then  discontinue  the  application  of  it,  and  the 
effect  of  the  machine  will  be  found  very  powerful.  The  best 
kind  of  amalgam  is  made  of  zinc  and  quicksilver.  If  a  little  of 
the  latter  be  addedto  melted  zinc  it  renders  it  easily  pulverizable, 
and  more  quicksilver  must  be  added  to  the  powder  if  very  soft 
amalgam  is  required. 

The  following  statement  seems  to  comprise  the  general 
principles  on  which  this  wonderful  fluid  is  known  to  act : — 
The  electric  fluid  is  probably  the  same  in  essence  with  that  of 
light  and  heat,  but  combined  with  a  substance  which  affects  the 
organs  of  smell.  When  bodies  are  electrified  by  glas6,  they 
furnish  tufts  or  pencils  of  light ;  but  if  electrified  by  sulphur, 
they  only  produce  points  or  sparks  of  light;  bodies  presented 
to  those  electrified  by  glass  produce  only  luminous  sparks ; 
while  those  which  are  presented  to  bodies  which  are  electrified 
by  sulphur,  present  beautiful  pencils  or  tufts  of  light. 

Bodies  are  electrified  either  by  friction  or  communication.  To 
electrify  bodies  by  communication,  it  is  necessary  to  insuiate 
fbem ;  and  tiie  substances  most  proper  for  insulating  others, 
are  those  which  electrify  best  by  friction.     Glass  electrifies 


both  by  friction  and  communication,  and  the  energy  of  tiie  flnid 
is  augmented  in  the  conductors  by  an  increase  of  surface. 
The  pencils  or  tufts  of  light,  seen  at  the  extremities  of  electri- 
fied bodies,  are  composed  of  divergent  rays  when  they  pais 
through  the  air,  but  to  pass  a  permeable  conducting  body,  they 
sometimes  become  convergent. 

Animal  Electricity, — Some  fishes  have  the  property  of  giviof 
shocks  analogous  to  those  of  artificial  electricity ;  namely,  the 
torpedo^  the  gymn^tus  electricus,  and  the  sUwm*  eleciricus.  If 
the  torpedo,  whilst  standing  in  water,  or  out  of  water,  but  not 
insulated,  be  touched  with  one  hand,  it  generally  commnni' 
cates  a  trembling  motion  or  slight  shock  to  the  band.  If  tbe 
torpedo  be  touched  with  both  hands  at  the  same  time,  one 
hand  being  applied  to  its  under  and  the  other  to  its  tipper  sur- 
face, a  shock  will  be  received  exactly  like  that  occasioned  by 
the  Leyden  phial.  The  shock  given  by  the  torpedo  when  in 
air,  is  about  four  times  as  strong  as  when  in  water ;  and  when 
the  animal  is  touched  on  both  surfaces  by  the  same  hand,  tbe 
thumb  being  applied  to  one  surface,  and  the  middle  finger  to 
the  opposite,  the  shock  is  felt  much  stronger  than  when  tbe 
circuit  is  formed  by  both  hands.  The  gymnotus  electricns,  or 
electrical  eel,  possesses  all  the  electric  properties  of  the  tor- 
pedo, but  in  a  superior  degree.  When  small  fish  are  pat  iolo 
the  water  wherein  the  gymnotus  is  kept,  they  are  genenlhr 
stunned  or  killed  by  the  shock,  and  then  they  are  swallowed,  if 
the  animal  be  hungry.  The  strongest  shock  of  the  gymnotas 
will  pass  a  very  short  interruption  of  continuity  in  the  circuit 
When  the  interruption  is  formed  by  the  incision  made  by  a 
penknife  on  a  slip  of  tinfoil  that  is  pasted  on  glass,  and  that 
slip  is  put  into  the  circuit,  the  shock,  in  passing  through  tbat 
interruption,  will  shew  a  small  but  vivid  spark,  plainly  to  be 
seen  in  a  dark  room.  The  gymnotus  seems  also  to  be 
possessed  of  a  sort  of  new  sense,  by  which  he  knows  whether 
the  bodies  presented  to  him  are  conductors  or  not.  This  fact 
has  been  ascertained  by  a  great  number  of  experiments. 

Electrical  Instruments  and  Apparatus, — The  experiments  in 
electricity  are  so  various,  that  the  apparatus  used  may  be 
increased  almost  agreeably  to  every  man's  fancy;  and  in 
general,  he  who  wishes  to  make  new  experiments,  wiU  find  Si 
necessary  to  make  an  addition  suitable  to  the  object  of  Ui 
inquiry.  It  will  be,  therefore,  most  consistent  with  the  deii^ 
of  this  work,  to  describe  only  those  parts  of  the  apparatoi 
which  are  most  essential  to  the  performance  of  popular  expe- 
riments. The  instruments  commonly  employed  in  this  brandi 
of  science  may  be  classed  under  six  heads : — 1st.  The  instn- 
ments  used  for  exciting  electricity,  viz.  glass  tubes,  places,  and 
cylinders  ;  2nd.  Those  for  conducting  the  electric  matter,  whiek 
are  chiefly  MET  A  L8  ;  3rd.  Those  intended  for  aecumulaiina  ^ 
fluid,  or,  in  technical  language,  for  receiving  a  charge,  such  as 
coated  bottles  or  jars,  commonly  called  leyden  phials;  4tk 
Those  which  are  intended  to  produce  more  formidable  ^ecU, 
such  as  ELECTRIC  BATTERIES ;  5th.  The  instruments  employed 
ior  ascertaining  the  quantity  of  electricity ,  called  ELECTROMETEBI; 
and  lastly,  those  employed  for  retaining  the  electric  power. 

The  discharging  rod  needs  no  explanation:  it  is  shewn  in 
the  figure,  R,  as  applied  to  a  Leyden  Phial,  A  D.  This  jtr 
is  coated  with  tinfoil  on  the  inside  and  outside,  within  idMot 
three  inches  of  the  top  of  its  cylindrical  part,  and  having  ft 

wire  with  a  round  brass  knob,  or  ball,  A,ftt 
its  extremity.  This  wire  passes  through  tbe 
cork,  or  wooden  stopper,  D ;  at  its  lowest  ex- 
tremity is  a  piece  of  chain  that  touches  tbe 
in«ide  coating  in  several  parts.  To  chane 
this  jar,  a  communication  is  made  between  tbe 
electrical  machine  and  the  brass  knob  A, 
while  the  outside  of  the  jar  communicates  witb 
the  earth  by  the  table  or  the  Jiand.  Bring  tbe 
knob  A  of  the  jar  near  the  prime  conductor,  and  after  a  fe* 
turns  of  the  machine  the  jar  will  be  charged ;  that  is,  t^  inside 
of  the  jar  will  be  positively,  and  the  outside  negativelT,  electri- 
fied ;  or  if  the  inside  is  negatively,  the  outside  will  be  poci- 
tively,  electrified.  R  is  a  discharging  rod,  which  is  used  to 
convey  the  superabundant  electricity  from  one  side  to  the  other, 
where  there  is  less  than  the  natural  share,  llie  dischardM 
rod  consists  of  two  brass  knobs,  a  a,  attached  to  wires,  wUai 
move  round  a  joint  x,  fixed  to  a  glass  handle  R.    The  operaHl 
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dUrhircinf;  mm)  bj  the  {[Ui 
kn»).H  lo  \lK  ball  and  ja  .  .        . 

psplosion  lakes  place  proportional  to  the  quantity  of 
t  It  hnd  TTceiveil.  If  rd}  number  of  periom  join 
d  one  hold*  a  chain  that  in  in  corrmunication  with  the 

Die  latl  of  the  compaar  toacbca  tbe  Jar,  n  ihock  will 
k). 

Kltrlrir  Spark— The  t\yuk.  that  shinei  between  tbe 
!■  in  eapahle  of  irttinic  eombiuiiUt  mitten  on  fire.  If 
conlainiof;  onlr  itA  nalaral  ihare  of  electrjeit;,  be 
1  *alKHenll>  near  to  a  budjr  electnBed,  iMmrrr/ji  or 
,  aouiinlity  of  electricity  will  force  iudr  throoRh  the 
the  latter  to  tbe  fonner,  appearing  in  the  form  of  a 
Vfaen   two  bodiri    approach    each    other   luBiciently 

of  which  in  electrified  petitirrli/,  and  tbe  other  arjo- 
'  aaperabundaat  electncity  rnthet  Tiolenlly  from  one 
ler,  to  restore  the  equilibrium  between  them.  Tbii 
ea  place  if  (he  two  bodies  be  coonected  by  a  con- 
nbstanre.  The  electric  ipark  hai  not  only  the  appesr- 
re,  hut  incapable  of  actually  !iettia|;  Gre  to  varioas 
;•  that  are  easily  inDamed.  The  sense  of  feelinjr, 
B()  hraTinic,  arc  oot  only  alfecled  by  electricity,  bot  it 
nsible  to  the  smell  aod  the  taste.     Tbe  elcettic  spark 

KrenItT  nr  less  distance  throuich  tbe  air,  in  order  lo 
Duductor,  accordio);  as  its  qaantity  ii  plater  or  less ; 
rts  from  wbieh  it  proceeds,  and  on  which  it  strikes, 
cr  or  more  blunt,  and  as  the  condoclor  is  more  or 
cL  The  slrrnf^lli  of  tbe  machine  i>  known  from  the 
d  deniiiy  of  the  sparks  it  tdves. 
ic  charcc  of  a  coaled  jar  reside*  to  the  |laas.  and  not 
itinE.  is  proved  In  the  following  manner : — Set  a  plate 
between  two  metallic  plates,    about   two   inches   in 

smaller  than  the  plate  of  iclnss ;  charge  the  Rlass,  and 
nt  the  upper  metnllic  plate  ;  by  an  insnlated  handle, 
lie  ([lass  plate,  and  place  it  between  two  other  plates 
which  have  not  been  electrified,  but  insulated— the 
lass  thus  coated  afresh  will  still  remain  charged. 
•rlrical  llelU  consist  of 
Jl  bells  suspended  from 
plate  of  metal,  the  two  _ 
t  by  chains,  and  that  in 
le  (from  which  a  chain, 
Hs  lo  the  floor)  by  a 
inic-  Two  small  knobs 
are  alio  liiinK  by  silken 
a  each  side  of  the  bell, 
■«e  as  clappers.    If  an 

I  of  this  kind  is  joine<l 
those  conduciio);  rotis  erected  to  protect  baildjnf;i 

rfTict  of  lif-htninic.  it  wilt  serre  (o  give  notice  of  tbe 

and  passage  of  an  elertrical  cloud. 

rttriritt  Haileri/  has  been  described ;  tre  Battrkt. 
inmients  for  aseertniniiig  the  presence  and  the  qoan- 
rclrii'iiv  in  ((iircrcnl  bodies  are  various,  but  the  tim- 

II  are  little  Imlls  ofrnrk.or  rather  of  the  pith  of  elder, 
still  liehler,  and  suspetuird  by  tilk  threads.  When 
nlo  eonlact  with  an  eleclrified  body,  the  balls  will 
fly  diteme,  nnd.  according  lo  the  hcjtrce  nf  direr- 
ad^ment  mny  be  formed  of  the  defcree  to  which  the 
neslion  is  el'ecIriHcd.  A  similar  elTirt  will  be  pro- 
a  licht  and  dowoy  feather.  The  pith  balls  are  called 
Urtrumrlrr. 

re  paitii'iilar  admeasurement,  that  is,  for 
ng  preiiH'ly  tbe  drjrree  to  which  any 
leclrified,  an  instrument  somewhat  less 
required,  and  the  gunilraHt  rkttromrirr, 
GEore.  is  in  most  Reneral  nse.  It  eon- 
lerpeiiilirular  siem  formed  at  the  lop  like  ■ 
fnrnished  at  its  lower  end  with  a  brass 
1  pin.  by  which  it  may  be  fixed  in  a  hole 
lie  condoetor  of  the  tlertrienl  macAiae  or 
■■^'•r.  To  tbe  upper  part  of  the  stem  a 
ivory  semicircle  is  fixed,  nbont  tha 
which  is  a  hrnss  arm  or  cock,  to  tup- 
»is  of  the  index.  The  index  is  a  very 
Ick,  which  reaches  from  tbe  centre  of  the  graduated 
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arch  to  the  brass  fernle,  and  to  its  lower  eztrenit;  li  fasleoed 
a  small  pith  ball,  nicely  turned  In  a  lathe.  When  this  elec- 
trometer is  in  a  perpendicalar  position,  and  not  electrified,  tbe 
index  hangs  parallel  to  tbe  pillar ;  but  when  it  is  deefriBed, 
the  index  recedes  more  or  less,  according  to  the  quantity  of 
electricity.  Lane's  discharging  eleetrometer,  as  it  is  commonly 
called,  is  employed  chiefly  by  the  practitioner*  of  medical 
electricity. 

lUtJiral  EltrlTiriiv. — In  judging  of  cases  proper  to  be  elee* 
trified,  experience  sliews,  that  in  general,  all  kinds  of  obslrao- 
tions,  whether  of  motion,  of  circulation,  or  of  secretion,  are 
very  often  removed  or  alleviated  by  cleclrieily.  The  same 
also  may  be  said  of  nervous  disorders ;  both  which  inrlnde  a 

Ercat  variety  of  disease*.  The  application  of  cleclrieily  ha*  also 
een  found  a  powerful  remedy  in  muscular  coqirnelions.  But 
when  any  limb  is  deprived  of  motion,  it  most  be  observed,  that 
the  deprivation  has  not  always  originated  in  a  contraction  of 
the  muscles,  but  that  It  is  often  occasioned  by  relaiation  ; 
thus,  for  instance,  if  the  band  be  bent  inwardly,  the  patient 
has  no  power  of  slraighteninf;  it;  the  cause  of  it  may  be  a 
weakness  of  the  outward  muscles,  as  well  as  a  contraction  of 
the  inward  ones,  In  such  cases,  it  is  difficult,  even  for  Kna- 
tomitls,  to  discover  the  real  cause ;  but  the  surest  method  i*  to 
electrify  not  only  those  muscles  which  are  supposed  lo  be  con- 
tracted, but  also  Iheir  antagonists:  for,  to  electrify  a  sound 
muscle  is  by  no  means  hurtful.  Rbeunnlic  disorders  of  long 
standing  are  relieved,  and  frequently  cured,  by  only  drawing 
Ibe  electric  fluid  with  a  point  from  the  part,  or  by  drawing 
■parks  from  thu  conductor;  the  operation  should  be  continued 
for  about  funr  or  live  minutes,  repealing  it  once  or  twice  every 
day.  When  strong  shocks  are  administered,  Iheir  greatest 
nnmber  should  not  exceed  12  or  14,  except  when  they  are  to 
be  given  In  the  whole  body  in  dilferent  directions.  The  inslrn- 
ments,  «  hich,  besides  Ihe  electrical  machine  and  its  prime  con- 
ductor, are  necessary  for  the  sdminislralion  of  medical  clec- 
lrieily. moy  be  reduced  to  three,  ri:.  an  electric  jar,  with 
Lane's  electrometer;  an  insnlaled  chair,  or  an  insulated  stool, 
upon  which  a  chair  may  be  occasionally  set,  aod  the  director*. 
TAr  tdrHtity  ef  Lightning  and  lUrclriHti/.—  lir.  Franklin 
proved,  by  a  variely  of  experiments,  that  the  lightning  spark 
of  cleetricity.  and  the  li;[litning  that  flashes  from  tbe  cloud*  in 
a  thunder  storm,  arc  exactly  of  the  same  kind,  and  operate  in 
Ibe  same  manner,  lie.  The  particulvrs  in  whirh  lightning  and 
Ihe  electric  llnid  agree,  are,  1.  Flashes  of  lightning  arc  gene- 
rally seen  crooked, and  waving  in  the  air,  as  Ihe  rlrciric  spark, 
when  it  is  drawn  from  an  irregular  body  at  some  distance.  3. 
Lightning  strikes  the  highest  and  most  pointed  objects  in  its 
way,  in  preference  to  others;  as  high  hills,  and  trees,  lowers, 
spire*,  masts  nf  ships,  points  of  spears,  and  the  like.  In  like 
manner,  all  pointed  conductors  receive  or  thriiw  olT  the  electric 
fluid  more  readily  Ihan  those  that  are  lerniinaled  by  flat  snr- 
faces.  :i.  Lightning  is  observed  to  take  the  readiest  and  beat 
conduclor.  So  does  cleelririly  in  Ihe  discbarge  of  the  Lcydeo 
pbial.  For  Ibis  reason  Dr.  Franklin  supposes,  that  it  would 
be  safer,  during  a  thunder  storm,  to  haic  one'*  elolhes  wet 
than  dry,  as  Ibe  lightning  might  then,  in  great  measure,  be 
IransDiiiled  lo  the  ground,  by  Ibe  water  on  the  onlside  of  the 
b'lity.  It  is  found,  he  sats,  that  a  wet  ral  eannnl  be  killed  by 
Ihe  etplnsion  of  the  elertrical  bottle,  hut  thai  a  dry  rat  may, 
4.  LiichliiinE  caoses  combustion,  so  does  eleelrieily.  I>r. 
FrsnkTin  says,  that  he  euuld  kindle  with  il,  hard  dry  resin, 
spirits  unw  armed,  and  even  wund.  .'i.  Lightning  sumciimes 
dissolves  melals;  so  does  electricity.  0.  IJghlning  has  often 
been  known  to  strike  people  blind.  And  a  pigeon,  after  a  vio- 
lent shock  of  cleetricity,  by  which  the  doctor  intended  lo  have 
killed  it,  was  observed  to  have  been  slruclc  blind.  7.  Light- 
ning destroys  animal  life,  .\nimals  have  likewise  been  killed 
by  the  shuck  of  electricity.  The  largest  animals  which  Dr. 
Franklin  and  his  friends  have  been  able  to  kill,  were  ■  hen, 
aod  a  turkey  which  weighed  alionl  ten  pounds, 

Tliuniitr  is  merely  the  noise  produced  by  Ihe  ifiotlon  of 
liRlitoio;.  The  reason  why  wc  do  not  hear  Ihe  dreadful  noise 
of  the  ihunder,  as  soon  a*  we  *ee  the  lightning,  i*,  becaosa 
sound  is  longer  in  arriving  lo  oor  ears,  than  light  to  our  *ight> 
LiKht  move*  alinoat  InatnotaBeonllT.  Sound  move*  bo  mora 
than  1142  feet  in  a  iccond. 
3tl 
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7%t  yHiwJir  Hmm»  .Klqwfiwwrf-— flw 
eHeati  af  the  vleolrie  OMtler,  wboo  it 
sMkM  abaiUng,  aad  Uw  awtbsd  flf  rn- 
v«Diiai;  it,  ue  exenplilBd  bf  as  inMnk 
meot  Mtllad  tke  dumder  imut,  reprMcBL- 
(■S  tlM  ndv  of  K  bvoH,  eilbar  hmiahed 
wi&  «  netaUia  «M«d»etor  or  Ml.  A  ia 
a  board  aboat  tbree-qDaftera  of  an  inch 
ttaclc,  and  ifaaped  like  the  gabla  aad  «f 
a  bwnM.  This  board  U  fixed  perpm- 
dieolarly  apon  tbe  bottom  board  B,  apon 
whieh  the  perpandionlar  glaaB  pUlar  C 
ia  alM  fixed,  io  a  bole  aboat  eicht  inobM  *^ 

diataat  from  the  baiis  oT  A.  A  Naall  bale  I L  K  M,  abont  one- 
fonrth  of  aa  iocb  d«ep,  and  nearly  aae  faok  wide,  i»  made  in 
tbe  board  A,  aod  krU\pd  hy  a  aqnara  picoe  of  wood  «f  Marly 
the  aave  dimeaurmB,  it  baiDK  noeeatary  that  it  aboald  fit  tbe 
bole,  in  order  to  drop  eat  by  tba  leMt  riMUnit  of  the  Inslra* 
mant  A  wire  I  K,  is  iasteaed  diaf  OBally  ta  tUa  aqoare  piece 
af  woad.  Aootb«r  wire  L  H,  of  tbe  aani*  tMakaeai,  faaving  a 
brau  b^,  H,  <or«wed  on  ita  poioted  extreiatt;,  ii  futeaed  on 
the  board  A,  ao  alia  is  the  wira  M  N,  which  is  shaped  in 


(tuff  at  N.  From  tbe  oppM  extrcnMy  of  the  gtaaa  pillar  C,  a 
orookod  wire  proeeeda,  banag  a  ipriog  ao(A«t  ¥,  OirOBffa 
whU  a  doable-k  nabbed  vita  alipa  perpendicolBriy,  the  lower 


k^db  O  of  wMeh  falls  jast  above  the  knob  H.  The  glass  pillar 
C  iBUt  not  be  made  yery  faat  in  the  bottom  board,  bnt  it  most 
be  fixed  so  that  it  may  be  easily  nwwed  ronad  its  own  axis,  fay 
wUah  Keans  the  brass  ball  O  auy  be  brongbt  either  nearer  or 
Hirtber  from  (he  ball  H  without  toncUaff  the  part  BFO.  Now 
^wben  the  sqoare  |deea  of  wood  L I H  K  (iriueh  may  represent 
(he  ibuttei  of  a  window  or  (he  like)  is  ixed  lato  the  hole,  so 
that  the  wire  I K  alaada  tn  the  diractioa  L  M,  tfaen  the  metallto 
oommaaioatioB  from  H  to  N  is  eon|deto,  and  the  inrtniment 
reaemblea  a  koose  fiiralBhed  with  a  proper  oendnelor ;  bat  if 
tbe  square  pieoe  of  wood  L I H  K  is  fixea,  ao  that  Ihe  wire  I K 
stands  in  Um  direotioa  I  K.  aa  represented  io  Ibe  figare,  then 
tbe  netallie  otrndaotor  H  N,  from  the  top  of  tbe  housa  to  ita 
bottom,  is  internipted  at  L  N,  in  whieb  ease  tbe  boose  is  not 
prMeriT  seoared. 

Kx  us  pieoa  L  I  H  E,  so  that  tbe  wire  may  be  as  repre- 
aenled  in  the  fiKOie,  ia  wbieh  case  the  metallic  oondoctor  H  N 
!■  dlaeoatiBHed.  Let  tbe  ball  O  be  fixed  peTpendicnJarij  aboot 
balf  an  iach  diatanee  from  (he  ball  H  hl,iHt\y  turniag  the  g^lasa 
pillar  C,  remera  (he  former  ball  from  the  latter  i  by  a  wire  oi 
afaain,  eoaneet  Uw  wire  E  F  witb  die  wire  O  of  tbe  jar  P,  and 
|et  another  wire  or  chain,  fadened  to  tbe  book  N,  touch  tbe 
oatside  eoatlnif  of  the  jar.  Gsnneet  tbe  wire  O  with  the  prime 
coodoctor,  and  ebarye  tbe  jar;  then  by  tirnin^  the  flais  pillar 
C,  let  tbe  buU  G  oome  KradaaMy  near  tbe  bail  H,  and  when 
they  are  arrived  soScienlly  near  one  anoUier,  the  jar  will  be 
disehured,  and  tha  jfiece  of  wood  L I  H  K  will  be  pashed  oat 
of  the  bole  to  a  oonsiderabie  distance  from  the  thander  honae. 
Tbe  ball  G  in  tbii  experimeDt  repreieata  an  electrified  cload, 
which,  when  it  arriTes  anflciently  near  the  top  of  tbo  honse  A, 
dischaips  into  it  the  eJectrio  flnid  ;  and  as  die  honse  ia  not 
secured  by  a  proper  oonduotor,  the  explosion  breaks  part  of  it, 
«.  t.  knocks  out  dM  pieoe  of  wood  I  M.  Repeat  the  experi- 
ment ;  hot  let  the  piece  of  wood  I  M  be  so  sitaated,  that  tlic 
wire  I  K  may  stand  in  th«  aituatioti  L  M,  by  whieb  the  ean- 
daotor  H  N  will  not  be  diicontinned :  in  tbii  case  tbe  explo- 
aion  will  have  no  effect  upon  (be  piece  of  wood  L  H,  which 
■bewa  the  utility  of  metallic  ooDdoctora  for  hoaies. 

Varimtiam  tn  tkit  £zprrtsi«M.— Unscrew  the  bras*  ball  H 
fkom  Oie  wire  H  L,  so  that  it  may  remain  poiated,  and  with 
only  thii  differeuoa  in  the  apparatas,  repeat  these  two  experi- 
BMUH;  tbe  pleee  of  wood  L  N  will  remain  immoveable,  and 
>o  axploatou  will  be  heard.  Tbe  conduetor  E  F  G  ia  this  ex- 
peiliaeat  is  supposed  to  lepreieat  a  thnnder  dond  diaehargiog 
ita  eontenta  on  a  weathereook,  mr  any  other  metalUo  inbitanfie 
ootte  topofabuildias;  hence  it  may  be  inferred,  that  if  there 
li  a  BMttiKe  oommnaication  to  eondoot  4m  elcotrie  Bnid  down 
Io  the  earth,  the  buildiag  will  reecive  no  damage;  bnt  where 
the  aonnexion  ia  imperfect,  it  will  strike  ttwa  one  part  to  the 
othor,  aod  thai  endaniter  tbe  whole  building.  Elerated  con- 
doelon  applied  tobuildiogi  to  lecate  tbem  from  lightning,  will 


is  this  manner  disdharge  the-  HectiUty  Ana  •  diMid  tet 
pusei^ovw  thwi,' 

ftrelrtMil  Fk>JMMua«^-ne  varioaa  pheaomaaa  of  clautiMly 
nm  be  diiJdnd  into  fimr  classes,  in  tbe  flrst  flTwbk*  wqr  ha 
iaeladed  tU  those  arperlmcBt*  whidi  serra  to  iUoatiate  ds» 
triaa]  attrMtloa  and  rapnlaion;  in  the  seeond,  tbaae  |w>daaed 
by  the  atream  of  electnci^ ;  in  the  tiiird  class  may  ba  isu[Ml 
all  those  phueimBim  wbieh  are  aooompaaied  wMk  *■—'— iif 


appoaiaaee ;  and,  lastly,  we  may  cl  _  . 

dable  efiecls  aiisng  from  tbe  eoaoealrated  «  . 

ezperimeala  with  tlie  Leyden  phial  and  the  eleotriatd  MtUnr, 
Tfaere  is  a  atone  found  in  maay  parte  at  tbe  warld  ealM 
(MTMu^,  wUnh  in  somatimes'  o^stalliaed  aa  ■  idiiii  eitnl 
prien,  tenniaated  by  a  tbrea-sidcd  and  a  aix-ssded  pjnmU; 
nbeo  this  snhatanee  is  gently  boated,  it  bacomea  «leotrtoal,Md 
one  oxiremity,  lliat  termiaated  by  tbe  six-sided  pytamU,  k 
peat  tire,  *e  olbor  is  sefcatiTe :  to  a  eertatn  extent,  its  •!••• 
trieities  are  exalted  by  inc  '  "  ' 
begins  (o  eo«l,it  is  still  Cos 
are  ebanged,  the  pyramid,  before  paaiUvg. 

aod  vice  versa.  Wfaeo  ihe  atone  ia  of  considerable  si , 

of  light  may  be  aacti  aloag  its  snrftce.    There  are  other  gemi 

and  cmtalliaed  enbttMHea,  wUefa  possess  a  property  aimtete 

er  the  ttmrmalin.    The  Inmineoi  appearanee  of  ac 


BMMtdi,  wbea  heated,  probably  depends  apon  tbetr  deotrtsal 
exctlalioiL  Tbe  eohatanoe  eallcd  tke  iarantr,  whidi  la  a  enle, 
baring  its  adgea  and  angles  defective,  hecomas  elooMarflqr 
bpat,  and  in  one  variety  oreamita  no  leas  than  eight  sides,  ia 
diffevent  states,  four  positiTe.  ibur  negative;  and  tkooppedlB 
polee  are  ia  tbe  direelieM  of  tbe  axes  of  the  orystal. 

ELBCTUART,  in  Pharmacy,  a  form  in  widch  both  tBM 
and  eatamporaaeoue  nwdiciaes  am  fraqnantly  aaadet 

ELEGIT,  in  Law,  a  writ  of  esaoutiMi,  wUeh  lioa  ftr  apas- 
■on  wfao  bas  recovered  debt  or  danugos ;  or  upon  a  reeegd- 
aanoe  in  any  court,  agaiast  a  defendant  that  la  aol  ^la  to 
aatisfy  the  same  in  his  goods. 

ELEUENTAKY,  any  thing  relati^  to  tlw  priaciplei  «r  de- 
ments of  bodies. 

ELEMENT,  hi  Physiology,  a  tens  vsed  by  phUeaephn^ 
to  denote  the  ortgiaal  component  parte  of  bodies,  or  thoaa  lab 
which  they  are  ultimatdy  reeolvable.  It  waa  the  nptiden  t( 
the  ancient  philosophers  that  there  are  only  four  simple  bodlN; 
namely,  fire,  air,  water,  and  earth.  To  tbesa  tbey  gave  4i 
name  of  elements,  because  they  believed  that  all  snbaHaMi 
are  composed  of  tbem.  But  we  now  know  that  these  aonead 
elements  are  componada:  fire  is  composed  of  calorie  and  ligkl: 
ak  of  calorie,  oxygeu,  and  aeotie  gasei ;  water  of  oxygen  mi 
hydrogen ;  and  the  earth  includes  variooa  different  — ■'f'Br^ 

ELEMENTS  op  tub  Plinets,  in  Astronomy.  JWPuvtr. 

Elements  •^CwnMry,  the  title  of  a  celebrated  and  «di> 
known  work  of  Euclid.     See  Geonetkt. 

Elckcnts,  ia  tbe  Higher  (geometry  or  Analysis.  d<M(a 
indefinitely  small  portions  of  enrres,  surfaces,  and  solids. 

Elsments,  in  Physics,  the  first  principlea,  or  ingredienti,  rf 
which  bodies  are  composed.  These  are  snppeeed  to  be  fkaii 
nomber,  unchangeable,  and  by  their  tUCerent  oombinationa  pro- 
dncieg  that  extensive  varied  of  objeota  which  ocastitato  Ac 
works  of  Bature. 

Elements  a/  Bodit*.  in  Chemistry.  Wbea  we  eontemdab 
the  world  that  we  inhabit,  we  discover  a  vast  variety  of  idb- 
stanoes  diBcring  in  Ibeir  properties  of  weight,  ooloor,  Ico.  flva 
each  other.  When  we  examine  these  more  minutely,  wa  dt- 
cover  also  that  almost  all  (he  bediea  with  whitdi  we  mist,  aw 
of  a  mixed  or  compoaad  natore.  When  we  reduce  tbaae  Is  tk 


the  substances  with  which  we  are  acooaiDted,  are  IbraM 
from  a  combination,  in  vaiioos  proportlaBs,  of  ttese  dafi* 
bodies.     The  tlemetUM  af  haHiet,  tttea,  are  those  simple  sak 

stances,  of  which,  in  vartons  proportions  " 

bodies  with  whitdi  we  are'  acquainted  are  oompoaeo, 
air,  earth,  lire,  and  water,  were  anpposed  to  b«  the  i 
which  all  bodies  are  formed.    But  modem  impro' 
chemistry  have  shewn  that  this  was  an  erroneous  aup,__. 
For  it  is  well  known  that  the  air  or  atmoephen  ia  a  ^x«< 
body,  composed  of  several  Miial  Buida  or  gWM,  ao  IhMt  iisM' 
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ibI«  kiAd  of  «r«  il  m  bow  kaown  thai  tkero  w*  Mre- 
f  ftir,  CMetttially  differeat  fro«  oAok  otter.  Il  ii  alio 
Ml  iaitaad  of  one  miiilo  kiMl  of  c«rtk»  Ihore  ara 
lAds,  quite  different.  Water  it  tamwA  not  io  be  a 
if^  bit  coanieecd  of  two  diflerent  kiodt  of  air  ODited 
WUh  Ibe  aature  of  Are  ve  are  very  little  acauainted ; 
«  CMui  lair,  Ibat  oaoibiialiWe  aubilMicei,  omer  bom- 
korviee,  are  net  MBi|»le  aabstaoces.  From  Ibe  im- 
la  tbat  are  ooDtinuaUy  making  in  tbe  metboda  of 
bodiei*  or  separaiinic  tbem  into  tbeir  component 
or  elements,  many  aubatancet,  once  inppeeed  to  be 
re  found  to  be  campoonda ;  and  at  chemistry  con- 
mpvove.  more  errors  of  Ibis  kind  may  be  eorreoled, 
lability  to  decompose  any  substaaee,  does  aol  ptowe 
i  simple  bod^  or  an  efemeot,  but  only,  perhaps,  that 
ds  of  analysis  are  not  perfect  For  the  sake  of  con* 
however,  we  shall  at  present  consider  all  bodies  as 
•r  simple  bodies,  that  ba?e  not  been  analyaed  or 
into  component  parts. 

every  body  in  nature  is  sasceptible  of  three  several 
iiislence ;  vis.  solid,  liquid,  and  aeriform ;  and  these 
eJiisteoce  depend  upon  the  quantity  of  caloric  com- 
I  Ibe  body.  The  simple  substances  at  present  known 
id  into  three  classes ;  viz.  imponderaole  bodies,  ms 
nd  light.  Supporters  of'  combustion,  as  oxygen, 
odiae,  and  fluorine.  Combustible  and  incombustible 
I,  as  carbon,  sulphur,  phosphorus,  hydrogen,  nitro- 
I,  silicon,  and  the  metals. 

[ANT,  Elepuas,  a  genus  of  the  mammalia  class,  of 
bruta.  The  generic  character  is,  cutting-teeth  none 
aw;  tusks  in  the  upper  jaw;  proboscis  very  long, 
;  body  nearly  naked.  There  are  two  species,  1.  The 
AKiroas,  the  great  elephant.  2.  The  sukotyro.  The 
ieh  are  imported  into  Europe,  are  generally  from 
lore  they  are  freuoeatly  found  in  wmnls.  The  ele- 
nodouhtedly  the  largest  of  sU  terrestrial  animals, 
i  the  height  of  twelve  feet,  though  the  more  general 
ms  to  be  from  nine  to  ten  feet.  Elephants  are  com- 
nd  in  the  midst  of  shady  woods,  and  they  delight  in 
,  near  rivers.  They  are  capable  of  swimming  with 
.  Their  general  food  consists  of  the  tender  branches 
I  trees,  as  well  as  grains  and  fruits.  Tho  elephant 
lally  one  young  at  a  time ;  rarely  two ;  tbe  yoong  are 
ee  feet  high  when  they  are  first  born,  and  oon- 
ring  till  they  are  sis  teen  or  twenty  years  oid ;  they 
>  live  a  hundred  or  a  hundred  and  twenty  years.  The 
a  native  of  Java,  according  to  NieuhoflT,  who  has 
bis  travels  to  the  East  Indies,  is  a  quadruped  of  a 
liar  shape.  Its  siae  i$  that  of  a  large  ox ;  and  tbe 
I  tiiat  of  a  h<»g ;  the  ears  round  and  rough ;  and  the 
and  bushy.  The  eyes  are  placed  upright  in  tbe  head, 
frently  from  those  of  other  quadrupeds.  On  each 
lead,  stand  the  horns,  or  rather  teeth,  not  quite  so 
lose  of  an  elephant.  This  animal  feeds  upon  her- 
is  but  seldom  taken. 

lTION,  denotes  the  height  or  altitude  of  any  object. 
ION  of  the  Ei/Mtator,  in  Astronomy,  is  an  areh  of  the 
less  than  a  quadrant,  intereepted  between  tbe  equa- 
te borisoa  of  the  place. 

lOKo/tMe  Poie,  is  an  arch  of  the  meridian  intercepted 
be  pole  and  the  liorison  of  the  plaoe. 
ION  ^«  Sur.  is  an  arch  of  a  vertical  cirele  oootaioed 
s  star  and  the  huriaon,  and  in  tbe  same  manner  is 
tbe  elevation  of  any  other  of  the  heavenly  bodies. 
ION  ofm  Piece  o/Ordnmnee^  in  the  theory  and  practiee 
"  I,  IS  tbe  angle  the  axis  of  the  gun  BMkas  with  tbe 


now,  AugU  of,  in  Gunnery,  that  oomprebended  b»- 
boffiaoB  and  the  line  of  direction  of  a  cannon  or  mor^ 
is  tbat  which  the  chase  of  a  piece,  or  tbe  axis  of  its 
linder,  makes  with  the  plane  of  the  horinoo. 
rioN,  in  Perspective,  the  representatioB  of  tbe  whole 
building,  as  in  architecture,  elevaliua  signifies  the 
principal  face  of  a  building. 

lAR,  tbe  name  of  the  bright  star  in  tbe  foot  of  Orion, 
oionly  called  Rigel. 


'  ELIMINATION,  in  Analydb,  llM  opmtloa  bf 
which  all  the  unknown  qoaaltlasa  oxoapl  aao  an 
out  of  an  elation,  wbenoo  tbe  valao  of  tbat  one 
termined,  and  benee  by  smbslifiioo  tfia  value  of  aU  tho 
quantities. 

SLUION,Mi  Grmnmar,  is  the  osttasgoff  a  vowel  ar  aflMfe 
in«  word,  as  in  *•  rA'  miiemfi^"  wberotf  is  €U  off,  boowMO  ooBii^ 
before  a  vowel. 

BLIXIB,  in  Medicine,  a  ooapoaad  tiaetore,  extraelod  Inmi 
many  efficacious  ingredients ;  hence,  the  difference  betweea  ft 
tinctore  and  an  elixir  seems  Id  be  Ibis:— A  tioctaro  is  drawn 
from  one  ingredient,  an  tbo  tinctwe  of  rhubarb,  or  somelimM 
with  an  addition  of  aaolber,  to  open  it,  and  lo  dispose  il  lo 
yield  to  tbe  manstmiui ;  whereas  no  elixir  is  a  linctare  egtrantnd 
from  several  ingredients  at  the  same  time. 

ELK,  an  animal  of  tbe  doer  kind,  with  tbe  boras  palmated. 
and  without  a  stem.  It  is  a  aalive  of  tbo  BM»rtbera  parts  of 
Europe,  attd  is  aalraqf  Miml*  oqual  in  sine  toaborse,  but  far 
less  beantifal. 

ELL,  a  moaanre  wUcb  obtaias,  onder  different  deaomina- 
tions,  in  most  countries,  whereby  cloths,  stuffs,  linens,  silks, 
&c.  are  usually  measored.  The  ell  English,  U  6  quarters,  or  46 
inches ;  the  ell  Flemish.  3  iniarters,  or  27  incbcif .  In  Sootland, 
an  ell  contains  37  ^  inches  English. 

ELLIPSE,  is  one  of  the  conic  seetlons,  formed  by  the  intor- 
sectUm  of  a  plane  and  cone,  when  the  plane  makes  a  leas 
angle  with  the  base  than  that  formed  by  tbe  base  and  tbe  side 
of  tbe  cone. 

The  word  is  derived  from  OOuw^Ct  drfettim,  and  ia  Ibns 
deoominntrd  by  ApoUonins,  booanse  tbe  square  of  tbe  ordi- 
nate in  Ibis  Anrt  is  always  loss  than  tbe  rectangle  of  lim 
paraaMlers  and  abaeisses. 

There  are  three  ways  In  which  wo  any  define  an  oUipao ;  om. 
1.  As  being  prodaoed  by  the  intersection  of  a  plane  and  oono, 
as  we  find  It  treated  of  by  ApoUooias  and  all  tbe  aneienta.  9^ 
According  to  its  description  in  piano,  as  it  is  treated  of  bf 
several  of  tbo  moderns.  And  3.  As  being  generated  1^  ible 
motion  of  a  variable  line  or  ordinate,  along  another  Une  or 
directrix,  whereby  the  properties  of  tbe  curve  are  treated  o^  bgr 
means  of  the  eouation  by  which  it  is  defined. 

The  several  lines  and  points  in  and  about  an  ellipae,  as  tbe 
axis,  diaaMters,  parameter,  foci,  kc  will  be  found  defined  and 
explained  under  Ibe  several  articles  In  this  Dictionary;  and 
we  shall,  therefore,  in  this  place  merely  state  some  of  the  ptio- 
cipal  properties  of  the  figures,  without,  however,  attempting 
their  demonstration,  as  that  would  extend  this  article  lo  too 
great  a  length. 

A  M  Proptriiei  tf  tkt  JSZ'^pse^— 1.  Hie 

squares  of  the  ordinales  of  the  axis, 
are  to  each  other  as  tbe  rectangle  of 
the  abscisses.    TJhit  is, 
I      AF.FB-.GF*::  AD.DB:DB> 
Or  if  one  of  tbe  ordinates  be  takon 
at  the  centre  as  H  C,  which  thns  be- 
come tbe  semicoojugate,  then  bo* 
cause    AC    .  CB  =  AO,  tbe 
portion  becomes 
'AC>  :  CH'  ::  AD  •  DB  :  DE* 
or  by  doubling 

AB>  :  HI*  : :  AD  .  DB  :  DB> 
Tbat  Up      As  the  square  of  tbe  transverse  axis 
Is  to  the  square  of  tbe  conjugate. 
So  is  tbe  rectangle  of  tbe  abscisses 
To  tbe  square  of  tbeir  ordinate. 
2.  Tbe  sam  of  two  Unas  drawn  from  the  two  foei 


point  in  the  carve  Is  always  equal  to  the  transverse  axis. 


to  any 


1. 


That  U,  if  P,/,  be  tbe  two  foci, 
and  F  E,/E,  two  lines  drawn  from 
them  to  any  point  E  In  tbe  enrve, 
then  F  E  +/E  =  A  B,  fig.  1. 

From  this  property  Is  dierlvod  tbe 
oommon  metbod  of  deaerihing  tbe 
curve  meebanieally  by  points,  or  by 
a  thread  thus,  fig.  S: 

In  tbe  transverse  axis  take  tbo 
fod  F,/,  and  nny  point  L 


B  XL 


digtionary  of  mbghanical  scibncb. 


B  L  L 


wdl  the  radii  A  f ,  I B,  describe,  from  Fig.  % 

the  centres  F,/,  two  arcs  intersect- 
ing each  other  in  M,  which  will  be  a 
point  in  the  oarre.  In  like  manner 
assume  other  points  I,  and  thus  de- 
termine other  points  m,  m,  &c.  Then 
with  a  steady  hand  a  corTe-lioe  may 
be  drawn  through  all  the  points  of 
interftectioD,  which  will  be  the  ellipse 
reqaired. 

Or,  otherwise,  take  a  thread  of  the  leiif^h  A  B  the  transverse 
axis,  and  fix  its  two  ends  in  the  foci  F,/,  (see  fig.  2.)  Then 
carry  a  pen  or  pencil  P,  round  by  the  thread,  keeping  it  always 
stretched,  and  its  point  will  trace  out  the  ellipse,  as  is  endent 
from  the  property  above  stated. 

Other  methods  of  describing  the  ellipse  in  piano  are  given 
In  the  subsequent  part  of  this  article. 

3.  If  a  tangent  be  drawn  to  any  point  in  an  ellipse,  and  two 
lines  drawn  from  the  two  foci  to  the  point  of  contact,  these 
two  lines  will  form  equal  angles  with  the  tangent. 

That  is,  if  H  T  be  a  tan- 
gent to  the  ellipse  at  G, 
and  the  two  lines  F6,/G 
iVom  the  two  foci  be  drawn, 
then  will  the  angle  T  6  F  z= 
the  angle  H  6/. 

It  is  this  property  that 
gives  the  name  foci  to  the 
two  points  F,/,  for  as  opti- 
eians  find  that  the  angle  of  incidence  is  equal  to  the  angle  of 
reflection;  it  follows  from  the  above  property,  that  rays  of 
light  issuing  from  the  one  focus,  and  meeting  the  curve  in 
every  point,  will  be  reflected  back  into  the  other  focus,  and 
hence  these  points  are  denominated /bet,  or  hwming  points. 

This  property  may  be  otherwise  illustrated  by  considering 
a  billiard  table  in  the  form  of  an  ellipse,  then  a  ball  being 
•truck  so  as  to  pass  through  one  focus  in  any  direction,  it  will 
be  reflected  back  again  tiirough  the  other  focus,  then  again 
through  the  first,  and  so  on,  as  long  as  the  ball  continues  in 
motion. 

4.  If  there  be  any  number  of  ellipses  described  on  the  same 
transverse  axis,  and  any  ordinate  be  drawn  so  as  to  meet  all 
those  ellipses,  the  tangents  to  the  several  ellipses  at  those 
points  will  all  terminate  in  one  common  point  in  the  prolong- ' 
ment  of  the  transverse  axis. 

Thatis,ifAHB,AH'B, 
be  any  two  ellipses,  having 
the  same  transverse  axis; 
and  D  H  H'  be  any  common 
ordinate,  then  the  two  tan- 
gents HT,  H'T,  will  be 
terminated  in  the  common 
point  T. 

And  as  this  is  necessarily 
tnie  when  A  H'  B  becomes  a  circle,  we  have  hence  an  easy 
method  of  drawing  a  tangent  to  any  point  in  an  ellipse ;  which 
is  as  follows : 

Let  H  be  the  point  to  which  a  tangent  is  to  be  drawn ;  draw 


transverse  produced  inT,  then  T  H  will  be  the  tangent  required. 
6.  The  ordinate  H'  T,  in  the  circle,  is  to  the  ordinate  H  T  of 
the  ellipse,  as  the  transverse  axis  of  the  ellipse  is  to  its  con- 
jugate axis.  And  if  a  circle  were  described  on  the  conjugate 
axis,  and  an  ordinate  drawn  as  before,  then  the  ordinate  of  the 
circle  would  be  to  the  corresponding  ordinate  in  the  ellipse,  as 
the  conjugate  axis  of  the  ellipse  is  to  its  transverse.  And 
hence  it  follows  that  the  area  of  any  ellipse  is  a  mean  propor- 
tional between  the  area  of  the  circles  described  on  its  two  axes. 

6.  Every  parallelogram  circumscribed  about  an  ellipse,  at 
the  extremities  of  any  pair  of  its  conjugate  diameters,  is  equal 
to  the  rectangle  of  its  two  axes. 

7.  The  sum  of  the  squares  of  any  pair  of  conjugate  diameters 
Is  always  equal  to  the  som  of  the  squares  of  the  two  axes  of 
the  ellipse. 


Fig.  I 


Fig.  2. 


Fig.  3. 


Description  of  the  Ellipse  in  piano. — ^Besides  afne  two 
of  describing  an  ellipse,  given  in,  propotitioB  %  tbcrt  m 
several  others,  by  instrumental  operation,  of  wfejkfc  the  fnllii 
ing  are  the  most  simple : 

1.  If  two  rulers  FG,y*Bi;fg.Lfltft 
equal  in  length  to  the  ^/numtnt  tedi 
AB,  have  their  extrendties  iaed  h 
the  foci  so  as  to  be  morieable  nai 
these  points ;  and  if  the  other  extre- 
mities of  the  rulers  be  ooBBeeled  ly 
a  third  ruler  H  6,  which  is  cqial  h 
length  to  F/,  the  distanoe  of  the  t«i 
foci  so  as  to  be  moreable  aboat  Ae 
two  points  H  and  6 ;  then  if  the  nhr 
H  G  be  moved  round  the  centies  F 
and  /,  the  intersectioo  of  tte  nhn 
F  G,/H,  in  E  will  describe  the  peri- 
phery of  an  ellipse,  of  which  ABk 
the  transverse  axis,  and  F,y^  As 
two  foci. 

2.  Let  there  be  two  mlerSyAB, 
H  I,  fig.  2.  set  at  right  angles  to  eael 
other,  and  let  a  third  ruler,  D  B  P,bc 
moved  along,  so  that  the  points 'B 
and  £  constantly  touch  the  two  nicn 
A  B,  HI;  so  wiU  the  point  P  4»> 
scribe  the  periphery  of  an  dfipsa 
On  this  pnnciple  are  constiuciDl 
Elliptic  Compasses^  which  j«r. 

3.  If  one  end  C,  fig.  3.  of  any  flva 
equal  rulers  CD,  DP,  whieh  «t 
moveable  about  the  point  D,  Uk»t 
carpenter's  joint  rule,  be  haiemdU 
the  ruler  A  B,  so  as  to  be  mofeiUs 
about  C ;  and  if  the  end  P,  of  He 
ruler  D  P,  be  drawn  along  the  side  off 
the  ruler  A  B,  then  any  point  B,  trin 
in  the  side  of  the  ruler  D  P«  will  d^ 
scribe  an  ellipse  whose  centre  is  G^ 
conjugate  axis  =  2  B  P,  and  traai- 
verse  =  2CD  —  2DE. 

Area  of  an  Ellipse, — Multiply  the  two  axes  together,  ail 
that  product  again  by  *7854,  which  will  be  the  area  reqoiied. 

Area  of  an  Elliptic  Segment. — Find  the  area  of  the  oons- 
sponding  circular  segment,  described  on  the  same  axis  ti 
which  the  cutting  line  or  base  of  the  segment  is  perpendit^dsr. 
Then  as  this  axis  is  to  the  other  axis,  so  is  the  oircnlar  m^ 
ment  to  that  of  the  ellipse.  Or,  find  the  tabular  cireolar  ttf 
ment  whose  versed  sine  is  equal  to  the  quotient,  of  the  be^lt 
of  the  elliptic  segment  divided  by  its  axes.  Then  mnltiply 
together  this  segment,  and  the  two  axes  of  the  ellipse,  fortk 
area  of  the  segment. 

ELLIPSIS,  in  Grammar,  a  figure  in  syntax,  in  which  one  or 
mure  words  are  not  expressed. 

ELLIPTIC,  or  Elliptical,  something  relating  to  an  efl^pse* 

Elliptic  Arc,  is  any  part  of  the  periphery  of  an  eilipie. 

Elliptic  Compasses.    See  Compasses. 

Elliptic  Conoid,  the  same  as  spheroid. 

Elliptic  Dial,  an  instrument  usually  made  to  fold  m  kt 
the  convenience  of  the  pocket.  By  this  dial  is  fooaa  fts 
meridian,  hour  of  the  day,  the  rising  and  setting  of  the  soii,h& 

Elliptic  Spindle,  is  the  solid  generated  by  the  reTolntionflf 
any  segment  of  an  ellipse  about  its  chord. 

ELLIPTICITY  of  the  Terrestrial  Spheroid,  is  thedife^ 
ence  between  the  major  and  the  minor  semiaxes ;  it  Is  genfr* 
rally  expressed  in  terms  of  the  former,  that  is,  of  the  radioi  of 
the  equator.  The  quantity  of  the  ellipticity  has  been  variodily 
assigned  by  different  mathematicians :  Sir  Isaac  Newton,  sq^ 
posing  the  earth  of  uniform  density,  g^ve  ^  for  the  ellipticity; 
Boscovich,  from  a  mean  of  several  admeasurements,  stated  it 
at  ^;  Lalande,  ^;  Laplace,  ^;  Sejour,  ^;  Carooge,  ^; 
KraflPt,  ^ ;  and  Playfair,  from  a  theorem  orciairaolt  apphe& 
to  the  heterogeneous  spheroid,  states  it  at  ^.  Setting  aside 
those  which  are  deduced  from  the  hypothesis  of  uniform  de^* 
sity,  sis  may  be  admitted  as  the  most  probable  Taloe  of  t^ 
ellipticity. 


KM  B 


DICTIONARY  OP  MBCHANICAL  8CIBNCB. 


BM  B 


FLOOT,  praba  or  panegyrio  beitowed  oa  aay  person  or 
tklof ,  in  contideratioo  of  iu  merit.  The  beauty  of  elo|^  coo- 
■istfl  in  brevity.  Enlociamt  ibonld  not  have  to  much  as  one 
epithet  properly  so  called,  nor  two  words  synonymous.  They 
flbonld  stricUy  adhere  to  truth ;  for  extravagant  and  improbable 
•locies  lessen  the  character  of  the  person  they  would  ratol. 

BLfONGATION,  in  Astronomy,  the  aoKle  under  which  we 
see  a  planet  from  the  sun,  when  reduced  to  the  ecliptic,  or  it  is 
the  anfcle  formed  by  two  lines  drawn  from  the  earth  to  the  sun 
•Ml  planet,  when  reduced  as  above.  The  greatest  elonfcation 
ia  the  (createst  distance  to  which  the  planets  recede  from  the 
nm,  which,  however,  only  relates  to  the  inferior  planets 
Mercury  and  Venus ;  for  it  is  obvious,  that  any  of  the  superior 
planets  may  be  18UP  distance  from  the  sun,  or  in  opposition. 
The  greatest  elonfcation  of  Venus,  aecordiiip  to  our  modern 
tables,  IS  from  44<'  67'  to  47^  4tr,  and  that  of  Mercury  from 
17<> »  to  2HO  !My. 

ELOPEMENT,  is,  when  a  married  woman  of  her  own  accord 
departs  from  her  husband,  and  dwells  nith  an  adulterer;  for 
which,  without  voluntary  reconciliation  to  the  husband,  she 
aha<i  lose  her  dower.  Except  that  her  husband  willinj^ly.  and 
without  coercion  of  the  church,  reconcile  her.  and  suilcr  her 
to  dwell  with  him,  in  which  case  she  shall  be  restored  to  her 
action.  By  elopinip  and  living  apart  from  the  husband,  he  is 
discharged  of  the  future  debts,  and  no  longer  liable  to  support 
her. 

ELVELA,  a  genus  of  planta  belonging  to  the  cryptogromia 
class,  and  the  order  of  fungi, 

ELYMUS,  a  genus  of  plants  belonging  to  the  class  triandria, 
and  in  the  natural  method  ranking  under  the  4lh  order  (grramian. 

EMBALMING,  is  the  opening  of  a  dead  body,  and  having 
taken  out  the  entrails,  filling  it  with  odoriferous  drugs  and 
•pices,  to  prevent  its  putrefying,  and  then  pickling  it  in  a  solu- 
tion of  nitre  for  two  months  and  a  half.  The  body  was  then 
wrapped  up  in  bandages  of  fine  linen  and  gums,  and  niagniti- 
ocBtly  painted,  and  placed  in  a  coOin  or  sarcophagus. 

Embargo,  in  Commerce,  an  arrest  on  ships,  or  merchan- 
dise, by  public  authority ;  or  a  prohibition  of  state,  commonly 
oo  foreign  ships,  in  time  of  war,  to  prevent  their  going  out  of 

Krt ;  sometimes  to  prevent  their  coming  in ;  and  sometimes 
th  for  a  limited  time. 

EMBASSADOR,  or  Ambassador,  a  public  minister  sent 
from  one  sovereign  prince,  as  a  representative  of  his  person,  to 
another.     Embassadors  are  either  ordinary  or  extraordinary. 

EMBAYED,  the  situation  of  a  ship  when  she  is  enclosed 
between  two  capes  or  promontories  ;  it  is  particularly  applied 
when  the  wind,  by  blowing  strong  into  any  bay  or  gulf, 
Makes  it  extremely  difficult,  and  perhaps  impracticable,  for  the 
veaael  thus  enclosed  to  draw  off  from  the  shore,  so  as  to 
weather  the  capes  and  gain  the  oiling. 

EMBER  Wekks,  or  Dmys,  in  the  Christian  church,  are  cer- 
tain aeasons  of  the  year  set  apart  for  the  imploring  God's 
blessing,  by  prayer  and  fasting,  upon  the  ordinations  performed 
ia  the  church  at  such  times.  The  ember  weeks  were  formerly 
observed  in  dilTerent  churches  with  some  variety,  but  were  at 
last  settled  as  they  are  now  observed,  by  the  council  at  Placcn- 
tia,  anno  1005. 

EMBEKIZA.  a  genus  of  birds  belonging  to  the  order  of 
pasfcres,  of  m  hich  there  arc  24  species,  among  which  the  most 
remarkable  are.  The  nivalis,  or  great  pied  mountain-finch  of 
Ray.  and  the  snow-bird  of  Edwards ;  it  has  white  wings,  but 
the  oater  edges  of  the  prime  feathers  arc  black;  the  tail  is 
black,  with  three  white  feathers  on  each  side.  These  birds  are 
called  in  Scotland  snoH -Hakes,  from  their  appearance  in  hard 
weather.  They  arrive  in  that  season  among  the  Cheviot-hills, 
and  in  the  I1i;;hlnnds  in  llocks.  The  niiliaris,  or  gray  emberiza, 
is  of  a  grayish  colour,  spotted  with  black  on  the  belly,  and  tlic 
orbtu  are  reddish.  It  is  the  bunting  of  En^slish  authors.  The 
hortillana,  or  ortolan,  has  black  min^is ;  the  first  three  feathers 
on  the  tail  are  white  on  the  cdi^i  s,  only  the  two  lateral  are 
Uark  outwardly.  The  orbitt  of  the  eyes  are  naked  and  yellow; 
the  head  is  greenish,  and  yellow  townnls  the  inferior  man- 
dible. It  feeds  principally  upon  the  millet,  grows  very  fat,  and 
If  reckoned  a  delicate  morsel  by  certain  epicures,  especially 
when  fattened  artificially. 

EMBEZZLEMENT,  the  act  of  a  servant  secreting  or  making 
2H. 


away  with  property  intrasted  to  hiai.    It  !•  fbloay,  and  rabjeeti 
the  offender  and  his  abettors  to  transportation. 

EMBOLIMiEAN,  and  Emkolismic,  /nltrnilWrtf,  ii  chiefly 
used  in  speaking  of  the  additional  months  inserted  by  chrono- 
logists  to  form  the  lanar  cycle  of  19  years. 

EMBOLISMUS.  in  Chronology,  signifies  intercalation.  Aa 
the  Greeks  made  use  of  the  lunar  year,  which  is  only  3&4days, 
in  order  to  bring  it  to  the  solar,  which  is  30&  days,  they  had 
every  two  or  three  years  an  embolism,  i.e.  they  added  a  13th 
lunar  month  every  two  or  three  years,  which  additional  month 
they  called  emboiim^us,  because  inserted  or  intercalated. 

EM  BOLL'S,  the  piston  or  sucker  of  a  pump. 

EMBOSSING,  or  I m mossing,  in  Architecture  and  Sculp- 
ture, the  forming  or  fashioning  works  in  relievo,  ubether  cut 
with  a  chisel  or  otherwise. 

EMBRACERY,  an  attempt  to  corrupt  or  influence  a  jury, 
or  any  way  incline  them  to  be  more  favourable  to  the  one  siile 
than  the  other,  by  money,  promises,  letters,  threats,  or  pcrsua* 
sions :  whether  the  juror  give  verdict  or  not,  or  whether  the 
verdict  ^iven  be  true  or  false,  which  is  punished  by  fine  and 
imprisonment ;  and  the  juror  taking  money,  perpetual  infamy, 
imprisonment  for  a  year,  and  forfeiture  of  tenfold  the  value.  ' 

KM  BR  AS  I.' RE,  in  Fortification,  a  hole  or  aperture  in  e 
parapet,  through  which  the  cannon  are  pointed  to  fire  into  the 
moat  or  field. 

EMBROCATION,  in  Surgery  and  Pharmacy,  an  external 
remedy,  consisting  in  an  irrigation  of  the  part  with  some  pro- 
per lifjuor.  as  oil,  spirits.  &c. 

EMBROIDERY,  a  work  in  gold  or  silver,  or  silk  thread, 
wroui^ht  by  the  needle  upon  cloth,  stuffs,  or  muslin,  into 
various  figures.  In  embroidering  stuffs,  the  work  is  performed 
in  a  kind  of  loom,  because  the  more  the  piece  is  stretched,  the 
easier  it  is  worked.  As  to  muslin,  they  spread  it  upon  a  pat* 
tern  ready  designed,  and  sometimes,  before  it  is  stretched  upon 
the  pattern,  it  is  starched,  to  make  it  more  easy  to  handle. 

EMBRYO,  in  Physiology,  the  first  rudiments  of  an  animal 
in  the  womb,  before  the  several  members  are  distinctly  formed; 
after  which  period  it  is  denominated  a  foetus. 

EMERALD,  is  a  well-known  gem  of  pure  green  colour, 
somewhat  harder  than  quarts.  Its  natural  form  is  cither 
rounded,  or  a  short  six-sided  prism.  By  the  ancients  the 
emerald  was  in  great  request,  particularly  for  engraving  upon* 
They  are  said  to  have  procured  it  from  Ethiopia  and  Egypt. 
The  most  intensely  coloured  and  valuable  emeralds  that  we 
are  acquainted  with  are  brought  from  Pern.  They  are  found 
in  clefts  and  veins  of  granite,  and  other  primitive  rocks,  and 
oftentimes  grouped  with  the  crystals  of  quarts,  felspar,  and 
mica.  The  emerald  is  one  of  the  softest  of  the  precious  stones, 
and  is  almost  exclusively  indebted  for  its  value  to  its  charming 
colour.  The  brilliant  purple  of  the  ruby,  the  golden  yellow  of 
the  topax.  the  celestial  blue  of  the  sapphire,  are  all  pleasing 
tints ;  but  the  green  of  the  emerald  is  so  lovely,  that  the  eye, 
after  glancini;  over  all  the  others,  finds  delight  in  resting  upon 
this.  In  value  it  is  rated  next  to  the  ruby  ;  and  when  of  good 
colour,  is  set  without  foil,  and  upon  a  black  ground,  like  bril- 
liant diamonds.  Emeralds  of  inferior  lustre  are  generally  set 
upon  a  green  gold  foil.  These  gems  are  considered  to  appear 
to  greatest  advantage  when  table  cut,  as  in  the  figure,  and  sur- 
rounded by  brilliants,  the  lustre  of  which  forma 
an  agreeable  contrast  with  the  quiet  hue  of  the 
emerald.  They  are  sometimes  formed  into  pear* 
shaped,  ear-drops,  but  the  most  valuable  stones  ' 
arc  generally  set  in  rings.  A  favourite  mode 
of  setting  emeralds  among  the  opulent  inhabitants  of  South 
Aiuciica,  IS  to  make  them  op  to  clusters  of  artificial  flowers  on 
gold  stems.  The  largest  emerald  that  has  been  mentioned, 
is  one  said  to  have  been  possessed  by  the  inhabitants  of  the 
Valley  of  Manta,  in  Peru,  at  the  time  when  the  Spaniards  flrst 
arrived  there.  It  is  recorded  to  have  been  as  big  as  an 
ostrich's  egg,  and  to  have  been  worshipped  bv  the  Peruvians, 
under  the  name  of  the  Goddess  or  Mother  of  Emeralds.  They 
broujcht  smaller  ones  as  offerinxi  to  it,  which  the  priests  dis- 
tinguished by  the  appellation  of  daughters.  Many  fine  emeralds 
are  stated  to  have  formerly  been  bequeathed  to  different 
monasteries  on  the  continent ;  bat  the  greatest  part  of  them  are 
said  to  have  been  sold  bv  the  moaka,  and  to  have  had  their 
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are  seldom  seen  of  lacs*  mm^  mn4  at  the  same  tnne  eBtiralf 
free  from  6*wt.  The  eserald,  if  heated  to  a  ontaiD  4e|pfee, 
aMsmea  a  bkM  eolour^  Imi  it  reoerers  ita  owa  praper  tiat  wbea 
cold.  When  the  heat  la  carried  aaoeii  beyend  tfaia  itiMlts 
into  aak  opaque,  caloared  mastf.  The  Oiiaotal:  Hierald  is  a 
"variety  of  the  raby,  of  a  greea  colour,,  aadi  an  eztienely  rare 
gem. 

EMERGENT  Ysar,  in  Chronology,  is  the  first  year  of  any 
partiealar  asra. 

EMERSION,  in  Astronomy,  is  the  re-appearance  of  the  son, 
moon,  or  a  planet,  after  having  been  eclipsed  by  the  interposi- 
tion of  the  moon,  earth,  or  other  body.  This  term  is  sometimes 
also  naed  to  denote  the  re-appearance  of  a  star,  which  had  been 
hid  in  the  son's  rays.*  Emersion  is  also  used  to  denote  the 
rising  of  a  solid  body  aboiM  a  fluid  in  which  it  floats. 

MimUes  or  Seruples  of  Embrsion,  in  a  lanar  eclipse,  is  the 
arc  of  the  moon's  orbit  which  she  has  passed  orer,  from  the 
time  she  begins  to  emerge  eat  ef  the  eardi's  shadiow,  to  the 
end  of  the  eclipse. 

EMERSON,  William^  a  very  eccentric  man,  but  an  excel- 
lent mathematician,  bom  in  170 1  at  Hurwortfa,  in  the  county 
ef  Durham ;  had  a  small  paternal  estate  of  about  £70  per 
aannm,  to  which  he  for  some  time  added  the  profits  of  a  small 
day-school ;  this,  however,  he  afterwards  discontinued,  and 
lived  npon  the  income  of  his  estate,  and  the  trifling  profits 
ariMng  f^m  his  works,  which  were  very  numerous.  Emerson 
died  on  the  20th  May,  1782,  in  the  81st  year  of  his  age. 

EltfERY,  is  a  very  hard  ^mineral  of  blackish  or  bluish  gray 
ooleur,  is  chiefly  found  in  shapeless  masses,  and  mixed  with 
other  minerals.  It  contains  about  80  parts  in  100  of  alumine, 
and  a  small  portion  of  iron,  is  usually  opaque,  and  about  four 
times  as  heavy  as  water.  The  best  emery  is  brought  firom  the 
Levant,  and  chiefly  from  Naxos,  and  other  islands  of  the 
Grecian  Archipelago.  It  is  also  found  in  some  parts  of  Spain  ; 
and  is  obtained  from  a  few  of  the  iron  mines  in  our  own  coun- 
try. In  hardness  it  is  nearly  equal  to  adamantine  spar,  and 
this  property  has  rendered  it  aa  object  of  great  request  in 
▼arious  arts.  It  is  employed  by  lapidaries  in  the  cutting  and 
polishing  of  precious  stones ;  by  opticians^  hi  smoothing  the 
aorface  of  the  finer  kinds  of  glnss,  preparatory  to  their  being 
policed ;  by  cutlers,  and  other  manufacturers  of  iron  and 
steel  instruments ;  by  masons,  in  the  polishing  of  marble ;  and 
in  their  respective  businesses,  by  locksmiths,  glaziers,  and 
nnmerous  other  artisans.  For  all  these  purposes,  it  is  pnlver- 
iaed  in  large  iron  mortars,  or  in  steel  mills  ;  and  the  powder, 
which  is  rough  and  sharp,  is  carefully  washed,  and  sorted  into 
five  or  six  different  degrees  of  fineness,  according  to  the 
description  of  work  in  which  it  is  to  be  employed; 

EMETIC,  a  medicine  which  induces  vomiting. 

Bmbtic  Tartar^  the  old  name  for  tartrite  of  antimony. 

BMINENTIAL  Equation,  a  term  used  by  some  authors  for 
a  certain  assumed  equation,  which  involves  in  itself  several 
particular  eqaations. 

EMOLLIENTS,  in  Medicine  and  Pharmacy,  such  remedies 
as  soften  the  asperity  of  the  hniaoun<,  and  relax  and  supple 
the  solids. 

EMPIS,  in  Zoology,  a  genus  of  insects  belongings  to  the 
order  diptera,  the  proboscis  of  a  horny  substanoe,  bivalve, 
reflected  under  the  head  and  breast,  and  longer  than  the 
thorax.    Thero  are  five  species. 

EMUL6ENT,  or  Rbnal  Arterirs,  those  which  supply  the 
kidneys  with  blood ;  being  sometimes  single,  and  sometimes 
donble  on  each  side. 

EMUI^ION,  a  milky-looking  fluid,  caused  by  an  imperfect 
combination  of  oil  with  water  by  means  of  mucilage,  gluten, 
fce.  All  oily  farinaceous  seeds^  as  nuts,  almonds,  linseed,  &c. 
form  an  emulsion  by  trituration  with  water ;  yolk  of  e^,  which 
is  a  natural  compound  of  oil  and  albumen,  makes  a  similar 
emulsion. 

ENAMEL  Paintino,  is  performed  on  plates  of  gold,  silver, 
or  copper,  with  certaia  metallic  or  earthy  colours,  melted  by 
intense  heat.  Fine  enamelling  should  only  be  practised  on 
plates  of  gold.  Nor  most  the  plate  be  made  flat ;  as  in  that 
ease,  the  enamel  oraeks ;  but  in  the  form  of  a  watch-glass,  and 
•ot  too  thick.    The  plate  being  well  forged,  the  operation  is 


WgMB  hy  laying  Oto  a  itmd  tilt  wMis  eiaiiel  ei  fadi  rfdes, 
whkb  prevents  the  niBUl  fitna  blliteviDg«  «nd  Ifala  lint  Nim 
serves  fev  the  greond  of  the  dtfiev  celoMriL  The  pUte  IfAtt 
prepared,  the  subject  ta  be  patnted  is  drawn  with  red  tllHi^ 
mixed  with  oil  of  spike,  marking  alt  parts  of  the  deaiga  liffttfr 
with  a  peacik  The  colours,  which  are  pvevionsly  groettd  ellh 
water,  extremely  fine,  in  a  mortar  of  agate,  and  mixed  wilk  oil 
ef  spike,,  are  laid  on.  The  painting  is  afterwards  geatly  dfM 
over  a  slow  fire  to  evaporate  the  eil,  end  the  eoloors  neM 
to  incorporate  them  with  the  enamel,  nmkhig  The  plate  red4Mi 
Any  part  of  the  psinting  effaced,  is  passed  ever  vgaiB,  strSMfth* 
ening  the  shades  and  colour,  commttting  It  again  to  the  &e; 
and  this  is  repeated  till  the  work  is  finished.  This  paltttieg  b 
employed  in  miniature. 

Enamel  possesses  all  the  properties  ef  glass^  ez^l|>f  \h 
transparency.  The  basts  of  enamels  is  a  pwtt  erjtHai  gtatSi'Sr 
frit,  ground  together  with  a  fine  calx  of  lead  and  tin,  wM  the 
addition  of  a  small  proportion  of  the  white  salt  ot  «Msr. 
These  form  the  principal  ingredients  of  all  enamels,  #htei^ift 
made  by  adding  pnlveriaed  colours,  and  thoroughly  fneorps* 
rating  the  whole  in  a  furnace.  Enamels  ate  used  td  eounCer- 
foit  or  imitate  precious  stones,  as  well  as  for  painting ;  or  by 
enamellers  and  artists  working  in  geld,  silver,  and  other 
metals.  That  used  by  jewellers  is  broaght  chiefly  from  Veniee, 
or  Holland,  in  cakes.- 

ENCAUSTIC  Painting,  was  in  use  among  the  andeaH^ 
who  employed  wax  to  give  a  gloss  to  the  colours,  and  te  pre- 
serve them  from  injury.  The  art  was=  restored  by  Coeat 
Caylos,  in  1753.  The  wood  or  cloth,  stretched  on  a  frame,  is 
rubbed  over  with  bees'  wa<,  being  at  the  same  time  held  over, 
or  before  a  fire,  at  such  distance  that  (ho  wax  may  gradually 
melt,  while  it  is  rubbed  on.  It  must  difltese  itself,  penetrsta 
the  body,  and  fill  the  texture  of  the  cloth,  which,  when  cool,  is 
fit  to  be  used.  But  to  make  the  colours,  which  are  ground  In 
water,  adhere  to  the  wax,  the  whole  surface  is  first  rahbed 
over  with  Spanish  chalk,  or  white,  the  colours  are  then  applied. 
When  the  picture  is  dry,  it  is  pat  near  the  fire,  by  which  die 
wax  is  melted,  and  the  colours  absorbed.  They  are  not  lisbls 
to  fieule  or  change ;  no  damp  or  corrosive  substance  can  afficM 
them;  they  have  no  tendency  to  crack;  and,  if  by  accident 
they  receive  injury,  they  can  be  easily  repaired. 

About  the  year  1787,  a  Miss  Greenland,  who  acquired  some 
knowledge  in  this  art  at  Florence,  communicated,  with  the  pr^ 
sentation  of  a  painting,  her  method  of  proceeding,  to  the  Sodetf 
of  Arts.  Her  directtods  are  the  following :— *'  Take  an  oiiSce 
of  white  wax,  and  the  same  weight  of  gum  mastich,  powdered. 
Put  the  wax  in  a  glaaed  earthen  vessel,  over  a  very  slow  fire;  ssd 
when  it  is  quite  dissolved,  strew  in  the  mastich,  a  little  at  t 
time,  stirring  the  wax  continually,  until  the  whole  quantity  of 
gum  is  perfectly  melted  and  incorporated ;  then  throw  ^ 
paste  into  cold  water,  and  when  it  is  hard  take  it  out  ef  tbe 
water,  wipe  it  dry,  and  beat  it  in  one  of  Mr.  WedgeWoed'f 
mortars,  observing  to  pound  it  first  in  a  linen  cloth,  to  absofrii 
some  drops  of  water  that  will  remain  in  the  paste,  and  preveflt 
the  possibility  of  reducing  it  to  a  powder,  which  must  be  fo 
fine  as  to  pass  through  a  thick  gauze.  It  should  be  ponndcd 
in  a  cold  place,  and  but  a  litlle  while  at  a  time ;  as  after  lofl{; 
beating,  the  friction  will  in  a  degree  soften  the  wax  and  tbf 
gum,  and  instead  of  their  becoming  a  powder  they  will  reton 
to  a  paste. 

*'  Make  strong  gum-arabic  water ;  and  when  yon  paint,  tike 
a  little  of  the  powder,  some  colour,  and  mix  them  together  wHk 
the  gam  water.  Light  colours  require  but  a  small  quantity  rf 
the  powder,  but  more  of  it  must  be  put  in  proportion  to  tke 
body  and  darkness  of  the  colours ;  and  to  black  there  should 
be  almost  as  much  of  the  powder  as  colour. 

"  Having  mixed  the  colours,  and  no  more  than  can  be  niied 
before  they  get  dry,  paint  with  fair  water,  as  is  practised  is 
painting  with  water  colours,  a  ground  on  the  wood  being  firtt 
painted  of  some  proper  colour,  prepared  in  the  same  manners' 
is  described  for  the  picture ;  walnut  tree  and  oak  are  the  sorts 
of  wood  commonly  made  use  of  in  Italy  for  this  purpose.  1%e 
painting  should  be  very  highly  finished,  otherwise,  when  vtn- 
ished,  the  tints  will  not  appear  united. 

"  When  the  painting  is  ouite  dry,  with  rather  a  hard  brush, 
passing  it  one  way,  varmsn  it  with  white  wax,  which  is  pot 
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Mrlhrn  vensel*  and  kept  nelled  orer  •  Tcry  ll«w 
liflture  is  varnished,  lakiiifc  ffrett  eare  tftat  the  wax 

boil.  Afterwards  hold  the  ptcCure  bcrere  the  lire,  near 
lo  melt  the  wax»  bat  not  to  make  it  ran ;  and  when  the 
ii  ciitirel)  ould  and  hard,  rub  it  gentlj  with  a  linen 
ihould  the  varnish  blister,  warm  tlic  pietnre  aicain, 
aljf,  and  the  bubbles  wiU  subside.  When  the  picture 
it  nved  only  be  washed  with  eold  water.*' 
Society  considered,  that  Miss  Greenland's  method 
I  against  all  inconveniences  ;  and  the  brilliancy  of  the 
is  the  picture  painted  by  her,  and  ekhibited  to  the 
,  ftilly  justifies  the  opinion,  that  tlie  Art  of  Paintintc  in 
I  above  described,  merited  the  reward  of  a  gold  pallet, 
as  voted  to  her  on  this  occasion. 
iASINU,  or  Chasing,  is  the  art  of  enrichinic  and 
ing  gold,  silver,  and  other  metal  work,  bj  some  designs 
es  represented  thereon  in  low  relievo,  as  on  watch 
ane  heads,  tweexer  cases,  &o.  This  is  done  by  ponch- 
riving  out  the  metal  from  a  figure  from  that  withinside, 

stand  out  prominent  from  the  surface  of  the  metal, 
rstand  this  delicate  busincss,itshouldbe8een  performed 
igenious  artisan. 

Lost  UK.  a  fence,  wall,  or  hedge,  or  other  means  of 
on  and  security  surrounding  land.  Countries,  how- 
general,  lie  open,  with  nothing  but  banks  and  ditches 
e  the  land  of  every  husbandman ;  but  in  England,  each 
9  farm  is  divided  from  others  by  hedges  and  fences, 

farms  themselves  arc  broken  into  small  enclosures, 
ice,  Germany,  Italy,  Spain,  and  most  other  nations, 
la  still  remain  unenclosed  in  large  open  fields ;  and 
>antrics,  in  consequence,  present  a  dreary  appearance 
ye  of  an  Englishman,  whose  enclosures  render  England 
den  of  the  world.    Enclosures  greatly  improve  the 

of  a  country,  by  protecting  it  from  inclement  winds; 
sasantly  subdivide  the  labours  of  the  farmer;  and  by 
ing  the  exercise  of  cattle,  they  occasion  them  to  get  fat 
>oner. 

BMIC   DiSKASKS,  those  to  which  the  inhabitants  of 
lar  countries  :ire  subject  more  than  others. 
OWMKNT.  in  Law.  denotes  the  settling  a  doWer  on  a 

and  sometimes  for  settling  a  provision  for  a  church, 

or  hospital. 

ILAHK,  in  the  art  of  war,  signifies  firing  along  a  trench 
r  plnre,  and  is  equivalent  to  raking  a  ship.      Hence 
I  are  usually  dui;  in  a  zig-aag  manner,  that  they  may 
e  enfiladed,  or  shot  along  their  whole  length. 
RANCHISKMKNT,  in  Law,  the  incorporating  a  per- 

0  any  soriety  or  body  politic ;  such  as  the  enfranchise- 
'  one  made  a  citizen  of  London,  or  other  city,  or  burgess 
town  corporate,  because  he  is  made  partaker  of  its 
I,  or  franrliises. 

AGEMKNT,  in  a  naval  sense,  implies  a  battle  at  sea, 
iction  ot  hi>stiliiy  between  single  ships,  squadrons,  or 
rmen  of  war. 

^Dgaceinents  of  the  ancients  were  usually  carried  on  in 
fereiit  manners.  A(ivance<l  by  their  oars,  the  galleys 
ilentlv  aliiKird  of  ear.h  other,  and  bv  the  encounter 
r  be.iks  and  prows,  and  sometimes  of  their  stems, 
»Bred  to  dash  to  pieees  or  sink  their  enemies.     For  this 

1  the  prow  was  aimed  with  a  brazen  point  or  trident, 
IS  low  as  the  surfnre  of  the  water.  Some  of  the  galleys 
imifhed  with  turrets  and  buildings,  for  attack  or  de- 

The  soldiers  annoyed  their  enemies  with  darts,  slings, 
,  ami  ja\elius ;  and  in  order  that  their  wcapoa^  might 
ctcd  wiih  erenter  force  and  certainty,  the  ships  were 
id  with  platforms  above  ihc  deck.  The  sides  of  the 
ere  foitihed  with  a  thick  fence  of  hides,  which  served  to 
le  darts  of  the  adversaries,  and  to  cover  their  own  sol- 
rho  therel>y  anno\ed  the  enemy  mith  greater  security. 
I  bore  and  sink  the  enemy's  ships  with  the  rostra  was 
f  manner  of  sea-engagements  among  the  ancients;  high 
kjT  ships  had  accord rngly  a  great  advantage  over  their 
incs,  by  the  force  of  the  stroke  of  a  large  ship.  The 
was  likewise  no  small  convenience  in  boarding  and 
g  Diisfkile  weapons,  ho  that  it  was  much  more  true 
Lbem  than  among  *is,  that  a  little  ship  durat  not  lay  her 


flMc  to  M  ^ti^nrt  6Wft  •  0M  iWHif^  ^tH'tt  aUipi  #efto  odiMMMiH 
had  sea-boats,  they  Md  fi  Mpertat  force  In  i  tea  engagcMieat 
the  shock  of  them  befiig  toMletiMef  ao  Tioleiit  as  to  thr^fw  Aift 
crew  on  the  upper  deek  of  •mailer  ihipft  oterhoard.  TUs  decfl- 
sinned  the  ancients  grftdomlly  fo  incretie  the  bnik  of  Aielr 
•hips,  till  ttiey  came  at  last  to  an  em»rmeas  aiae,  mad  tIreA 
machines,  miw  unknown,  were  employed  io  ntTSi  engagettMttf ; 
but  the  following  are  a  few  which' we  find  Recorded  by  ftit 
ancient  writera : 

The  Dolphin,  a  large  massy  piece  of  lead  or  Iroo  in  the  fote 
of  a  dolphin,  and  suspended  by  blocks  at  the  mast  headi  or 
yardarms,  and  ready  for  a  proper  occasion^  was  let  do#A 
violently  from  thence  into  the  adverse  ships,  and  either  peMfr- 
trated  through  their  bottom,  and  opened  a  passage  for  the  enter- 
ing waters,  or  bv  its  weight  immediately  sunk  the  vessef. 

The  Drepmnmn^  an  engine  of  iron,  crooked  like  a  sickle,  aM 
fixed  in  the  top  of  a  long  pole,  eat  asunder  the  slings  of  the 
sail  yards,  and  thereby  let  the  sails  fall  down,  to  disable  th6 
vessel  from  escaping,  and  incommode  her  during  the  action. 
Similar  to  this  was  another  instrument,  armed  at  the  head  with 
a  broad  two-edged  blade  of  iron,  to  cat  away  the  ropes  that 
fastened  the  rudder  in  the  vessel  There  were  also  spears  or 
maces  of  an  extraordinary  length,  sometimes  exceeding  twenty 
cubits;  also  certain  maohines  for  throwing  large  stones  iat6 
the  enemy's  ships. 

Another  engine  was  suspended  to  the  main  most,  and  re- 
sembled a  battering-ram,  for  it  consisted  of  a  long  beam  and 
a  head  of  iron,  and  was  with  great  violence  pushed  against 
the  sides  of  the  enemy's  galleys.  The  grappling  Iron,  which 
was  asoally  thrown  into  the  adverse  ship  by  means  of  an  engine, 
facilitated  the  entrance  of  the  soldiers  appointed  to  board,  oik 
wooden  bridges,  that  were  generally  kept  ready  for  this  par* 
pose  in  the  fore  part  of  the  vessel. 

The  arms  used  by  the  ancients  rendered  the  dispositioB  of 
their  fleets  very  diiferent,  according  to  the  time,  place,  and 
eirenmstances.  They  generally  considered  it  an  advantage  to 
be  to  windward,  and  to  have  the  sun  shining  direetly  on  the 
front  of  their  enemy.  The  order  of  battle  chiefly  depended  on 
their  power  of  managing  the  ships,  or  of  drawing  them  readily 
into  form :  and  on  the  schemes  which  their  officers  had  con- 
certed. The  fleet  being  composed  of  rowing  vessels,  thej 
lowered  their  sails  previous  to  the  action :  they  presented  thek 
prows  to  the  enemy,  and  advanced  against  each  other  by  the 
force  of  their  oars.  Before  they  joined  battle,  the  admirals 
went  from  ship  to  ship,  and  exhorted  their  soldiers  to  behave 
gallantly.  All  things  being  in  readiness,  the  signal  was  dis- 
played by  hanging  out  of  the  admiral's  galley  a  gilded  shield, 
or  a  red  garment  or  banner.  During  the  elevation  of  this,  the 
action  continued,  and  by  its  depression  or  inclination  towards 
the  right  or  left,  the  rest  of  the  ships  were  directed  how  to 
attack  or  retreat  from  their  enemies.  To  this  was  added  the 
sound  of  trumpets,  which  began  in  the  adnUral'i  galley,  and 
continued  round  the  whole  fleet  The  fight  was  also  began  by 
the  admiral's  galley,  by  grappling,  boarding,  and  endeavour- 
ing to  overset*,  sink,  or  destroy  the  adversary.  Sometimes, 
for  want  of  grappling  irons,  they  fixed  their  oars  in  such  a 
manner  as  to  hincfer  the  enemy  f>om  retreating.  If  they  could 
not  manage  their  oars  as  dexterously  as  their  antagonist,  or 
fall  alongside  to  board  him,  they  penetrated  his  vessel  with  the 
brazen  prow.  The  vessels  approached  each  other  as  well  as 
their  circumstances  would  permit,  and  the  soldiers  fought  hand 
to  hand  till  the  battle  was  decided ;  nor  indeed  could  they 
fight  otherwise  with  any  certainty,  since  the  shortest  distance 
rendered  their  slings  and  arrows,  and  almost  all  their  oflfensive 
weapons,  ineffectual,  if  not  useless.  The  squadrons  were  some- 
times  ranged  in  two  or  three  lines  parallel  to  each  other ;  being 
seldom  drawn  up  in  one  line,  unless  when  formed  into  a  half 
moon.  This  orucr  appears  the  most  convenient  for  rowing 
vessels  that  engage  by  advancing  their  prows  towards  the 
enemy. 

The  famous  machine,  called  the  Comu,  was  erected  on  the 
prow  of  their  vessels,  in  the  shape  of  a  round  piece  of  timber 
of  about  a  foot  and  a  half  diameter,  and  about  twelve  feet  long ; 
on  the  top  where«if,  they  had  a  block  or  pulley.  Round  this 
piece  of  timber  they  laid  a  stage  or  platform  of  boards,  four 
feet  broad,  and  about  eighteen  feet  long,  which  was  well 
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firmmod  mnd  fastened  'with  iroiL  The  entrance  was  long^-wise, 
and  it  noYed  aboot  IIm  aforeMod  nprigbt  pieoe  of  timber,  «• 
«m  a  spindle,  and  ooold  be  hoisted  np  within  six  feet  of  tiie  top; 
about  this  was  a  sort  of  a  parapet,  knee-high,  wbieb  was  de- 
fended with  apright  bars  of  iron,  sharpened  at  the  end ;  towards 
the  top  whereof  there  was  a  ring :  throngh  this  ring,  fastening 
m  rope  by  the  heJp  of  the  palley,  they  hoisted  or  lowered  the 
ei^ne  at  pleasure,  and  so  with  it  attacked  the  enemy's  vessels, 
sometimes  on  their  bow,  and  sometimes  on  their  broadside. 
When  they  bad  gprappled  the  enemy  with  those  iron  spikes,  if 
diey  happened  to  swing  broadside  to  broadside,  then  they 
entered  irom  all  parts ;  but  in  case  they  attacked  them  on  the 
bow,  they  entered,  two  and  two,  by  the  help  of  this  machine, 
the  foremost  defending  the  fore  part,  and  those  that  followed, 
the  flanks ;  keeping  the  top  of  their  bucklers  level  with  the  top 
of  the  parapet. 

The  Romans  were  restrained  by  a  treaty  with  Carthage  from 
sailing  beyond  the  Fair  Promontory,  &c.  but  they  resolved  to 
contend  for  the  dominion  of  the  sea  with  the  Carthaginians, 
who  had  held  it  uncontested  from  their  ancestors,  and  began 
anew  by  building  a  whole  fleet,  after  the  model  of  one  of  their 
enemy's  galleys  tliat  was  stranded  on  their  coast ;  and  as  they 
never  wanted  expedients  in  their  military  concerns,  they  placed 
banks  of  rowers  on  board,  in  the  same  form  as  those  of  the 
gallevs,  and  instructed  their  men  to  strike  and  recover  their 
oars  by  a  proper  signal,  till  they  were  so  perfect  in  the  exer- 
cise, and  so  expert  in  the  discipline  and  management  of  their 
fleet,  (which  was  improved  with  the  Corvus,  for  the  purpose  of 
boarding,  as  already  described),  that  they  soon  defeated  their 
enemies.  The  two  consuls  were  in  the  two  admirals'  galleys, 
in  the  front  of  their  two  distinct  squadrons,  each  of  them  just 
ahead  of  their  own  divisions,  and  abreast  of  each  other :  the 
first  division  being  posted  on  the  right,  and  the  second  on  the 
left,  making  two  long  files  or  lines  of  battle.  And  when  it 
was  necessary  to  (pve  to  each  galley  a  due  space  to  ply  their 
oars  and  keep  clear  one  of  another,  and  to  have  their  heads  or 
prows  looking  somewhat  outwards ;  this  manner  of  drawing  up 
did  therefore  naturally  form  an  angle,  the  point  whereof  was  at 
the  two  admirals'  galleys,  which  was  near  together ;  and  as  their 
two  lines  were  prolonged,  so  the  distance  grew  consequently 
wider  and  wider  towards  the  rear.  And  because  the  naval  as 
well  as  the  land  army  consisted  of  foar  legions,  the  ships 
accordingly  made  four  divisions,  two  of  which  were  behind:  of 
these,  the  third  fleet  or  the  third  legion  was  drawn  up  front- 
wise, in  the  rear  of  the  first  and  second,  and  so  stretching  along 
from  point  to  point,  composed  a  triangle,  whereof  the  third  line 
was  the  base.  Their  vessels  of  burden  that  carried  their  horses, 
haggage,  &c.  were  in  the  rear  of  these,  and  by  the  help  of  small 
boats  provided  for  that  purpose,  were  towed  or  drawn  after 
them.  In  the  rear  of  all  was  the  fourth  fleet,  called  the  Tri- 
arians,  drawn  up  likewise  in  rank  or  frontwise,  parallel  to  the 
third ;  but  these  made  a  longer  line,  by  which  means  the  extre- 
mities stretched  beyond  the  two  angles  at  the  base.  This  was 
a  body  of  great  strength,  not  easily  broken,  and  excellently 
disposed  for  the  ships  in  the  rear  to  succour,  relieve,  and  come 
in  the  place  of,  any  that  should  fail  in  front. 

For  the  reader's  more  immediate  conception  of  these  pre- 
parations, we  here  annex  the  order  of  battle : 


o    o 


First  Division  * 

• 


*  Second  Division 

• 


Third  •*♦♦♦•♦•♦  Di?  ision 
Vessels  of  •  •  •  •  •  Burden 
Fourth  •♦•••••••••*  Division. 

At  the  battle  of  Ecnomus,  between  the  Romans  and  Car- 
thaginians, the  fleet  of  the  former  was  thus  ranged  into  a 
wedge  in  front,  and  towards  the  middle  of  its  depth  into  two 
right  parallel  lines.  That  of  the  latter  was  formed  into  a 
rectangle  or  two  sides  of  a  square,  of  which  one  branch 
extended  behind,  and  as  the  opening  of  the  other  prosecuted 
the  attack,  was  ready  to  fall  upon  the  flank  of  such  of  the 
Roman  galleys  as  should  attempt  to  break  their  line.    Ancient 


histoiT  has  preserved  many  of  these  orders,  of  which  some 
have  heetBiWIo^fed  lor  Iat6r  times.  Thtfif;'in  a  Milttle  in  tMO, 
the  English  #eet  wslil  Ibrmed  in  two  Nnei',^e  first  of  #fiich 
contained  the  larger  ships,  and  the  second  consisted  of  all  |he 
smaller  vessels  used  as  a  reserve  to  support  the  ibrmer  wb^re- 
ever  necessary.  In  1645  the  French  fleet,  under  the  commsosd 
of  the  Mareschal  d'Armebanlt,  in  an  engagement  with  Ae 
English  in  the  Channel,  was  arranged  in  the  form  of  a  crescent 
The  whole  of  it  was  divided  into  three  bodies,  the  centre  being 
composed  of  thirty-six  ships,  and  each  of  the  wing^  of  thirty. 
He  had  also  many  galleys,  but  these  fell  not  into  the  line,  befog 
designed  to  attack  the  enemy  occasionally.  This  last  dispo- 
sition was  continued  down  to  the  reigns  of  James  I.  and 
Louis  XII. 

The  invention  of  gunpowder  took  place  in  1390,  and  the  aae 
of  fire-arms  was  gradually  introduced  into  naval  war,  without 
finally  superseding  the  ancient  method  of  engagement.  The 
Spaniards  were  armed  with  cannon  in  a  sea-fight  against  the 
Eogliith  and  the  people  of  Poiton,  abreast  of  Rochelle,  in  1371; 
and  this  battle  is  the  first  in  which  mention  is  made  of  artillery 
in  our  navies.  Many  years  elapsed  before  the  marine  artaa- 
ments  were  sufficiently  provided  with  fire-arms;  and  in  the 
reign  of  Charles  Y .  machines  were  continued  in  use.  So  great 
a  revolution  in  the  manner  of  fighting,  and  which  necessarily 
introduced  a  total  change  in  the  construction  of  ships,  could 
not  be  suddenly  effected;  but  ships  are  no  longer  formed 
of  rowing  vessels,  or  composed  of  galleys,  but  of  ships  of  the 
Hue,  which  engage  under  sail,  and  discharge  the  whole  force  of 
artillery  from  their  sides,  being  disposed  in  no  other  form 
than  that  of  a  right  line  parallel  to  the  enemy ;  every  ship  keep- 
ing close  hauled  upon  a  wind  on  the  same  tack.^  Indeed,  tae 
difference  between  the  force  and  manner  of  fighting  of  shipi 
and  galleys  rendered  their  service  in  the  same  line  incom- 
patible. When  we  consider,  therefore,  the  change  introdoerd 
both  in  the  construction  and  working  of  ships,  occasioned  by 
the  use  of  cannon,  it  necessarily  follows,  that  squadrons  A 
ships-of-war  must  appear  in  the  order  that  is  now  generafly 
adopted.  Finally,  the  ships  ought  to  present  their  broadsidef 
to  the  enemy,  and  to  sail  close  upon  a  wind  in  the  wake  of 
each  other,  as  well  to  retain  their  own  uniformity,  as  to  pre- 
serve or  acquire  the  advantage  which  the  weather-gage  givef 
them  over  their  adversary. 

Of  all  the  weapons  used  by  the  ancients,  the  pike  and  the 
sword  are  the  only  ones  now  remaining,  the  others  having  bees 
totally  supplanted  by  those  machines  which  originated  with  tlie 
invention  of  gunpowder.  Our  naval  engagements  are,  therefore, 
almost  generally  decided  by  fire-arms,  of  which  there  are  several 
kinds,  known  by  the  general  name  of  artillery ;  and  the  fire- 
arms of  a  ship  of  war  are  distinguished  into  cannon  mounted  oa 
carriages,  ttoivel  cannon^  grenadoes,  and  musquetry. 

The  Su^tW  cannon  is  a  small  piece  of  artillery,  carrying  a 
shot  of  half  a  pound,  and  fixed  in  a  socket  on  the  top  of  the 
ship's  side,  stern,  or  bow,  and  also  in  her  tops.  The  trunnioBf 
of  this  piece  are  contained  in  a  sort  of  iron  crotch,  whose  lower 
end  terminates  in  a  cylindrical  pivot  resting  in  the  socket,  lo 
as  to  support  the  weight  of  the  cannon.  The  socket  is  bond 
in  a  strong  piece  of  oak,  reinforced  with  iron  hoops,  in  order 
to  enable  it  to  sustain  the  recoil.  By  means  of  this  frane, 
which  is  called  the  swivel,  and  an  iron  handle  on  its  cascabel, 
the  gun  may  be  directed  by  hand  to  any  object  It  is,  there- 
fore, very  necessary  in  the  tops,  particularly  when  loaded  witk 
musket  balls,  to  fire  down  on  the  upper  decks  of  the  adver* 
sary,  in  action. 

The  Grenada,  a  little  shell,  of  the  same  diameter  as  a  foor- 
pouod  bullet,  weighs  about  two  pounds,  and  is  charged  witt 
four  or  ^ye  ounces  of  powder.  Grenadoes  are  thrown  trtm 
the  tops  by  the  hands  of  the  seamen.  They  have  a  tooch-hole 
in  the  same  manner  as  a  shell,  and  a  fuse  of  the  same  compo- 
sition. The  sailor  fires  the  fuse  with  a  match,  and  throws  the 
grenade  as  he  is  directed ;  the  powder  being  inflamed,  the 
sheU  instantly  bursts  into  splinters,  that  kill  or  maim  wbon- 
soever  they  reach  on  the  decks  of  the  enemy.  As  this  instru- 
ment cannot  be  thrown  by  hand  above  15  or  16  fathoms,  the 
ship  most  be  rather  near,  to  render  it  useful  in  battle.  As  to 
the  musket  or  firelock,  it  is  so  well  known  that  a  descriptiea 
of  it  would  be  onnecessary. 
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ss  these  niAcbnies,  there  are  several  othrm  nsed  in 
t  ihips  and  privateers,  as  carabines,  eohoms,  6re- 

mrmbine^  a  sort  of  a  mnsqaetoon,  the  barrel  of  which  is 
irally  horn  the  brocch.  so  that  when  the  ball,  which  is 
ito  it,  i%  RKain  driven  out  by  the  strenfctb  of  the  powder, 
^hcned  about  the  breadth  of  a  fin|(er,  and  marked  with 
of  the  bori*.  Thi«  piece  has  an  iron  rammer;  the  barrel. 
fi  the  stock,  is  three  feet  iou};.  It  has  a  much  forester 
lan  the  muiquet ;  because  the  rifle  of  the  barrel  im- 
le  ball,  which  thereby  makes  the  greater  resistance  at 
inflammation  of  the  powder,  and  ^i^i^f?  time  for  the 
barf^e  to  take  fire  before  it  goes  out  of  the  bore,  it  is  at 
brown  out  with  greater  force  than  from  tlie  common 
L 

'ohorn^  a  sort  of  small  mortar,  fixed  by  a  swivel,  and 
arly  used  to  dist:harge  ^''^n^^does  or  cast  bullets  into 
It  vessels,  when  boarded. 

Fire-arruu^  a  small  iron  dart,  furnished  with  springs 
s,  to^rthcr  with  a  match  impreirnated  with  powder  and 
,  which  is  wound  about  its  shaft,  is  intended  to  (ire  the 

the  enemy,  and  is,  for  this  pun)ose,  discharf^ed  from  a 
toon  or  swi\rUpin.  The  match,  kindled  by  the  explo- 
immunirates  the  llamc  to  the  sail  af^ainst  which  it  is 
1,  whrre  the  arrow  is  fastened  by  means  of  its  barji  and 
.  This  is  peculiar  to  hot  climates,  particularly  the  West 

the  sails,  beiuj;  extremely  dry,  are  instantly  inflamed, 
course,  convey  the  lire  to  the  masts  and  rifrging:,  and 

0  the  vessel  itself. 

h^atif  a  machine  consisting  of  six  or  seven  musqnet 
fixed  upon  one  stock,  so  as  to  be  fired  all  at  once, 
leral  cntcnKcment  of  fleets  or  squadrons  of  ships  of  war 
nthinc  else  than  a  variety  of  particular  actions  of  single 
ith  each  other  in  line  of  battle,  it  will  be  necessary  first 
ribe  tlie  latter,  and  then  proceed  to  represent  the  usual 

of  conducting  the  former. 

vhole  economy  of  a  naval  eniragement  may  he  arranged 
he  fullo\^ing  heads  :  1.  The  pre|>aration ;  *i.  The  action  ; 
The  rcpiiir,  or  refitting  for  the  purposes  of  navigation, 
preparation  is  begun  by  issuing  an  order  to  clear  the 
'  action,  which  is  repeated  by  the  boatswain  and  his 
it  all  the  hatehwavs  or  staircases  leading  to  the  diflfercnt 
».  In  a  ship  of  war,  the  management  of  the  artillery 
ig  a  number  of  men,  the  oflicers  and  sailors  are  conse- 

restrained  tu  a  narrow  space  in  their  usual  habitatitms, 
erve  the  internal  rr^ularity  of  the  ship.  Accordingly, 
unocks.  or  hanging  beds,  of  the  hitter  are  crowded 
r  as  1- 1  use  as  possible  between  the  decks,  each  of  them 
imiicd  to  the  breadth  of  I -I  inches,  and  they  are  hung 

1  to  each  other,  in  rows  stretchini;  from  one  side  of  the 
the  other,  in-arlv  throughout  her  whole  length,  so  as  to 
)f  no  pis^'iige  but  by  stooping  under  them.     \Vhlle  sus- 

in  thi*i  situatifin,  it  would  be  impossible  to  work  the 
,  and  tlicr('fi>rc  (hey  nmst  be  removed  with  the  greatest 
lion.  Act'ordirr^ly,  at  the  summons  of  the  boatswain, 
ies.  ''  I  p  all  hammocks,"  every  sailor  repairs  ti>  his 
id  lia\in::  >towi>d  his  bi-iltling  properl),  cords  it  firmly 
bsbiiig  or  line  pro\idrd  f«ir  that  {lurpose,  and  carries  it 
quarter- di'ck,  poop.  rorecaNtle.  or  whatexer  other  place 
t  con\eniiiit.     .Vs  carh  side  of  the  quarter-deck   and 

furnished  with  a  double  net-work,  supported  by  iron 
fixed  intnirdiatrl\  above  ilic  irunwale  i>r  top  of  the  ship's 
lie  hammocks  thus  coidrd  are  firmly  stowed  by  the 
'  masters  bclwern  the  two  parts  of  tlir  netting,  so  as  to 
I  excellfiit  barrier.  11)c  tops,  waitt,  and  foreeaslle,  are 
'Ucrd  In  the  same  manntT.  U}  thus  dispo.sing  of  the 
cks,  a  double  advantage  is  obtained  :  the  batteries  of 

are  immediatrly  clcaird  of  an  incumbrance,  and  the 
cks  are  i-on\erted  into  a  sort  of  parapet  to  prevent  the 
ion  of  small  shot  on  the  quarter  deck,  tofis,  and  fore- 

Thc  hammocks,  ^.c.  are  nut  unfrcqucntly  thrown  over- 
it  fjiii  e,  whin  there  is  no  time  to  slow  them  away, 
ug  the  prrformanee  of  these  f>fiices  bch>w,  the  boat- 
ftnd  mates  are  i-mployed  in  securing  the  sails  and>ards, 
ent  them  from  tumbling  down  when  the  ship  is  cunnon- 
L^  she  Diigbt  thereby  be  disabled  and  rendered  ioca* 


pable  of  attack,  retreat,  or  parsoit  The  yards  are  likewise 
secured  by  strong  chains  or  ropes,  in  addition  to  those  by 
which  they  are  usually  suspended.  The  boatswaio  also  pro- 
vides the  necessary  materials  to  repair  the  rigging,  wherever 
it  may  be  damaged  by  the  shot  of  the  enemy  ;  and  to  supply 
whatever  parts  of  it  may  be  entirely  destroyed.  The  carpenter 
and  his  crew,  in  the  mean  time,  prepare  their  shot  plugs  and 
mauls  to  close  up  any  dangerous  breaches  that  ma>  be  made 
near  the  surface  of  the  water,  and  provide  the  iron  work 
necessary  to  refit  the  chain  pomps,  in  case  their  machinery 
should  be  injured  in  the  engagement.  The  gunner,  with  his 
mates  and  quarter-gunners,  are  busied  in  examining  the  can- 
non of  the  diflfercnt  batteries,  to  see  that  their  charges  are 
thoroughly  dry  and  fit  for  execution :  to  ha\e  every  thing  ready 
for  furnishing  the  great  guns  and  small  arms  with  powder,  us 
soon  as  the  action  begins :  and  to  keep  a  sufficient  number  of 
cartridges  continually  filled,  to  supply  the  place  of  those  ex- 

f>ende(l  in  battle.  The  master  and  his  mates  are  attentive  to 
lave  the  sails  properly  trimmed,  according  to  the  situation  of 
the  ship,  and  to  reduce  or  multiply  them,  as  occasion  requires, 
with  all  possible  expedition.  The  lieutenants  visit  the  dif- 
ferent decks,  to  see  that  they  arc  eflt'ctually  cleared  of  all 
incumbrance,  so  that  nothing  may  retard  the  execution  of  the 
artillery,  and  to  enjoin  the  other  oflicers  to  diligence  and  alert- 
ness in  making  the  necessary  dispositions  for  the  expected 
engagement,  so  that  every  tiling  may  be  in  readiness  at  a 
moment's  warning. 

When  the  hostile  ships  have  approached  each  other  to  a 
competent  distance,  the  drums  beat  to  arms,  and  the  boatswain 
and  his  mates  pipe  **  All  hands  to  quarters'*  at  every  hatch- 
way. The  persons  appointed  to  manage  the  great  guns  imme- 
diately repair  to  their  respective  stations  ;  and  crows,  hand- 
spikes, rammers,  sponges,  powder-horns,  matches,  train- 
tackles,  &c.  are  placed  in  order  by  the  side  of  every  cannon. 
The  hatches  arc  laid,  to  prevent  any  one  from  escaping  into 
the  lower  apartments.  The  marines  are  drawn  up  in  rank  and 
file  on  the  quarter  deck,  poop,  and  forecastle.  The  lashings  of 
the  great  guns  are  let  loose,  and  the  tompions  withdrawn :  the 
whtdc  artillery  above  and  below  is  run  out  at  the  ports,  and 
levelled  to  the  point-blank  range,  ready  for  firing. 

When  these  necessary  preparations  are  finished,  and  the 

oflicers  and  crew  are  all  ready  at  their  respective  stations,  to 

obey  every  occasional  order,  the  eommeneement  of  the  action 

is   determined  by  the  mutual  distance  and  situation  of  the 

adverse  ships,  or  by  the  signal  from  the  commander  in  chief  of 

I  the  fleet  or  squadron.     The  cannon  being  le\ellcd  in  parallel 

'  rows,  projecting  Irom  the  ship's  side,  the  most  natural  order  of 

{  battle  is  evidently  to  range  the  ships  abreast  of  each  other, 

especially  if  the  engagement  is  general.     The  most  convenient 

distance  is  probably  within  the  point-blank  range  of  a  mus- 

quet.  so  that  all  the  artillery  may  do  efl'ectual  execution. 

The  combat  usualh  begins  b>  a  vigorous  cannonade,  accom- 
panied by  the  uniti-d  efliirt^  (d'  all  the  swivel  guns  and  smail 
arms.  As  the  method  ni'liring  platoons,  voile) s,  or  broadsides 
of  cannon  at  iMire  is  (imernlU  found  injurious  in  the  sea  ."cr- 
%iee,  it  should  seldom  be  attempted,  unless  in  the  battering  of 
a  fortification :  for  thr  .sides  and  decks  of  the  ship,  altJiough 
sutliciently  stroni;  for  all  the  purposes  of  war.  would  be  loo 
much  shaken  by  so  \iolrnl  nn  explosion  and  recoil.  Instead 
thercrtf.  the  general  practice  on  this  occasion  throu];houl  the 
ship  14  to  load,  fire,  and  spnn;:r  the  guns  with  all  possible 
expedition.  >et  without  confusion  or  precipitation.  The  cap- 
tain of  each  Lun  is  particularly  enjoined  to  fire  only  when  the 
piccr  is  properly  dircrtcd  to  its  object,  that  the  shot  may  not 
be  fruitlessly  expended.  The  lieutenants  who  command  the 
diflfercnt  batteries.  tra\erse  the  d«-ek,  to  see  that  the  battlt-  rs 
prosrruted  with  vigour,  and  to  exhort  and  animate  the  men  in 
their  iluty.  The  midshipmen  second  tJiese  injunctions,  niid 
gi\e  assistance,  wheie  it  is  required,  at  the  guns  committed  t(» 
their  charge.  The  gunner  takes  care  that  all  the  nrtiller)  is 
sufliciently  supplied  with  powdrr.  and  that  the  cartridges  are 
carefully  con\eyed  along  the  decks  in  covered  boxes. 

The  havoc  produced  by  a  continuation  of  this  mutual  assault, 
as  at  the  Nile,  Trafalgar,  &c.  can  be  more  easily  imagined  than 
described ;  battering,  penetrating,  and  splintering  the  sides 
and  decks ;  shattering  or  dismounting  the  cannoa ;  maDgliag 

3v 


EJf  « 


DICTIONARY  Of  MBOHJlNICAL  SOIRNOE. 


SH« 


and  dtttroyiog  tha  ligcJDff ;  onUinf  Mander  o?  oftnonai^awagr 
the  nuuU  and  jards;  piercing  aad  tearinr  the  sails  to  at  to 
render  them  oselau;  and  woanding,  disaEliner,  or  kiliinfc  the 
ship's  company.  The  comparative  vigoar  and  resolatioB  of 
the  assailants  to  effect  these  dreadful  conseqaeares«  generally 
determine  their  snccess  or  defeat;  bat  sometimes  the  fate  of 
the  combat  may  be  decided  l>y  some  unforeseen  incident,  which 
m^  be  as  fortunate  for  the  one  as  fatal  to  the  other. 

The  ship  that  is  defeated  aclcnowledges  the  victory  by  strik- 
ing her  colours,  and  is  immediately  taken  possession  of  by  the 
conqueror,  who  secures  her  officers  and  crew  as  prisoners  in 
Ids  own  ship,  and  invests  two  principal  officers  with  the  com- 
mand of  the  prise  till  a  captain  is  appointed  by  the  commander 

in  chief. 

When  the  engagement  is  concluded,  the  men  begin  the  re- 
pair, or  refitting,  for  tlie  purposes  of  navigation.  Accordingly, 
the  cannon  are  secured  by  their  breeohings  and  tackles,  with 
all  convenient  expedition.  Whatever  sails  hare  been  rendered 
unserviceable  are  unbent,  and  the  wounded  masts  and  yards 
struck  upon  the  deck,  and  repaired,  or  replaced  by  others ;  the 
standing  rigging  is  knotted,  and  the  running  rigging  spliced, 
wherever  this  is  necessary.  Proper  sails  are  bent  in  the  room 
of  those  which  have  been  removed  as  useless.  The  carpenter 
and  his  crew  are  employed  in  repairing  the  breaches  made  in 
the  ship's  hull,  by  shot-plugs,  pieces  of  plank,  and  sheet  lead. 
The  g^unner  and  his  assistants  are  busied  in  replenishing  the 
allotted  number  of  charged  cartridges,  to  supply  the  place  of 
those  which  have  been  expended,  and  in  refitting  whatever 
furniture  of  the  cannon  may  have  been  damaged  by  the  late 
action. 

Such  are  the  usual  conseauenees  and  process  of  an  engage- 
ment between  two  ships  of  war,  which  may  be  considered  as 
an  epitome  of  a  general  battle  between  fleets  or  squadrons. 
The  latter^  however,  involves  a  greater  variety  of  incidents, 
and  necessarily  requires  more  comprehensive  skill  and  judg- 
ment in  the  commanding  officer. 

When  the  commander  in  chief,  or  admiral  of  a  naval  arma- 
ment, has  discovered  an  enemy's  fleet,  his  principal  concern  is 
usually  to  approach  it,  and  endeavour  to  oome  to  action  as 
soon  as  possible.  Everv  inferior  consideratioB  must  be  sacri- 
lloed  to  this  important  object,  and  every  rule  of  action  should 
tend  to  hasten  and  prepare  for  so  material  an  event.  The 
state  of  the  wind,  and  the  situation  of  his  adversary,  will,  in 
some  measure,  dictate  the  conduct  necessary  to  be  pursued 
with  regard  to  the  disposition  of  his  ships  on  this  occasion. 
To  facilitate  the  execution  of  the  admiral's  orders,  the  whole 
fleet  is  ranged  into  three  squadrons,  each  of  which  is  classed 
into  three  divisions,  under  tlie  command  of  different  officers. 
Before  the  action  begins,  the  adverse  fleets  are  commonly 
drawn  up  in  two  lines,  parallel  to  each  other  and  close  hauled. 
As  soon  as  the  admiral  displays  the  signal  for  the  line  of  battle, 
the  several  divisions  separate  from  the  columns,  in  which  they 
were  disposed  in  the  usual  order  of  sailing,  and  every  ship 
crowds  into  its  station  in  the  wake  of  the  next  a-head :  a  pro- 
per distance  from  each  other  (which  is  generally  about  fifty 
fathoms)  being  regularly  observed  from  the  van  to  the  rear. 
The  admiral,  however,  will  occasionally  contract  or  extend  his 
line,  so  as  to  conform  to  the  length  of  that  of  his  adversary, 
whose  neglect,  or  inferior  skill  in  this  respect,  he  will  naturally 
convert  to  his  own  advantage,  as  well  as  to  prevent  his  own 
line  from  being  doubled  upon;  a  circumstance  which  might 
cause  great  confusion  among  his  van  and  rear. 

When  the  adverse  fleets  approach  each  other,  the  courses  are 
commonly  hauled  up  in  the  brails,  and  the  top-gallant-sails  and 
stay-sails  furled.  The  movement  of  each  ship  is  chiefly  regu- 
lated by  the  main  and  fore  top-sails  and  the  jibs ;  the  mizen- 
top-sail  being  reserved  to  hasten  or  retard  the  course  of  the 
ship,  and,  in  fine,  by  filling  or  backing,  hoisting  or  lowering  it, 
to  determine  her  velocity.  The  frigates,  tenders,  and  fire- 
ships,  being  also  hauled  upon  a  wind,  lie  at  some  distance, 
rea^  to  execute  the  admiral's  orders  or  those  of  his  second's, 
leaving  the  line  of  battle  between  them  and  the  enemy.  If 
there  are  anv  transports  or  storeships  attendant  on  the  fleet, 
these  are  disposed  at  a  still  farther  distance  from  the  scene  of 
action.  If  the  fleet  is  superior  in  number  to  that  of  the  enemy, 
the  admiral  osoally  selects  a  body  of  reserve  from  the  different 


•qoadrons,  which  will  bo-ahrayaiof  mm  lo-aovw*aie  irsriJ^i, 
bomb-vessels,  &e.  and  may  faH  into  the  Una  in  any  aase  «f 
necessity:  these  also  are  stationed  at  a  convenient  dlslaMS 
from  the  line,  and  should  evidaptly  be  opposite  to  tbo  weafaest 
parts  thereof. 

Order  and  discipline  giv«  additional  strength  and  aetMty  Is 
a  fleet.  If  thus  a  doable  advantage  is  acquirad  hj  every  ieet, 
it  is  certainly  more  favourable  to  the  infenor.  which  may  then- 
by  change  its  disposition  with  greater  facility  and  detpaltli 
than  one  more  numerous,  yet  without  beiag  separated.  WIm 
courage  is  equal  to  both,  good  order  is  then  the  only  tesomee 
of  the  smaller  number.  Hence  we  may  infer,  that  a  smaller 
squadron  of  ships  of  war,  whose  oflSeers  are  perfectly  disii- 
plioed  in  working  their  ships,  may,  by  its  soperioff  dexterily, 
vanquish  a  more  powerful  one,  even  at  the  commencemealef 
the  engagement ;  because  the  Matter  being  less  expert  io  tfat 
order  of  battle,  will,  by  its  separation,  suffer  many  of  the  shipi 
to  remain  useless,  or  not  sufficiently  near  to  proteet  eaeh  oChsp. 
Thus,  though  the  Gauls  had  the  advantage  of  the  Romans  hi 
their  numbers;  the  €rermaiis  in  their  stature;  the  Spaaisidi 
io  their  strength  and  numbers  united;  the  Africans  in  thiir 
artifice  and  opulence ;  the  Greeks  in  thc^  policy  and  prndeaes; 
yet  the  Romans  triumphed  over  all  by  their  discipline. 

The  signal  for  a  general  engagement  is  osoally  displayed 
when  the  opposite  fleets  are  sufficiently  within  toe  range  ef 
point-blank  shot,  so  that  they  may  level  the  artHlery  with  esi^ 
tainty  of  execution,  wbicK  is  near  enough  for  a  line  of  baMls. 
The  action  is  begun  and  carried  on  throughout  the  fleet  in  the 
manner  (as  described)  between  single  ships,  at  which  time  the 
admiral  carries  little  sail,  observing  however  to  regvlale  his 
own  motions  by  those  of  the  enem^.  The  ships  of  the  Dne 
meanwhile  keep  close  in  their  station,  none  of  whieh  should 
hesitate  to  advance  in  their  order,  although  interrupted  1^  the 
situation  of  some  ship  ahead  which  has  negligently  udka 
astern  of  her  situation. 

Such  is  now  the  practice  of  naval  war,  that  the  neoeasan 
order  of  battle,  and  the  fabric  of  our  ships,  very  seldom  pefmit 
the  assault  of  boarding  unless  in  single  actions.    No  captain 
ought  therefore  to  abandon  his  station  in  the  line,  nader  any 
pretence  whatsoever,  unless  his  ship  is  too  much  disabled  t» 
continue  the  combat.    The  small  quantity  of  sail  carried  en 
this  occasion  will  permit  the  bulk  of  the  fleet,  althoogfa  we 
what  impaired,  to  continue  their  cannonade  a  long  dme  wil^ 
out  quitting  the  line. 

No  captain  should  be  iadoced  to  break  the  line  thronf^  «a 
false  ambition  to  distinguish  himself,  or  with  the  hope 
achieving  any  distant  enterprise,  however  flattering  tiie  pi 
peet  may  be.    He  ought  to  wait  the  signal  of  the  adndral, 
commanding  officer ;  because  it  is  more  essential  to  preseiwc 
the  regularity  of  a  close  line,  which  constitutes  the  prindMBf 
force  of  the  fleet,  than  to  prosecute  a  particular  action,  wmefey 
although  brilliant  in  itself,  has  seldom  any  material  coaee 
quences,  unless  his  object  is  to  seise  a  flag-ship,  and  even  tkif 
can  only  be  justified  by  success. 

The  various  exigences  of  the  engagement  call  forth  the  skill 
and  resources  of  the  admiral  to  keep  his  line  as  complete  u 
possible,  notwithstanding  unequal  attacks  and  damage,    flt 
must  order  ships  from  those  in  reserve,  to  supply  the  plaee  tf 
those  which  may  have  been  rendered  unqualified  by  the  actios: 
he  must  direct  his  fire-ships  at  a  convenient  time  to  fall  aboari 
the  enemy,  and  he  must  detach  ships  from  one  part  of  the  Use 
or  wing  which  is  stronger,  to  another  which  is  greatly  presMd 
by  superior  force,  and  requires  assistance.    His  vigilance  ii 
ever  necessary  to  review  the  situation  of  the  enemy  from  tas 
to  rear,  every  motion  of  whom  he  should,  if  possible,  anticipite 
and  disappoint.    He  should  seize  the  favourable  moments  of 
occasion,  which  are  rapid  in  their  progress,  and  never  retan: 
an  opportunity  lost  may  lose  the  victory.     Far  from  bcisf; 
disconcerted  by  any  unforeseen  incident,  however  distressisg 
it  may  be,  he  should  endeavour  to  overcome  all  difficulties,  sad 
make  them,  if  possible,  subservient  to  his  designs.     His  ei- 
perience  and  reflection  will  naturally  furnish  him  with  every 
method  of  intelligence  to  discover  the  state  of  his  diffbreat 
souadrons  and  divisions.    Signals  of  inquiry  and  answers*- 
or  request  and  assentr— of  command  and  obedience— 4nust  be 
displayed  and  repeated  on  this  occasion.    {Sm  the  nrdeli 
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polot,  tin  the  fteel  chanf^  to  a  light  itraw-eoloor;  then  put 
the  point  into  oil  to  oool,  or  hold  the  graTor  close  to  the  flame  of 
a  eandle,  till  it  be  of  the  same  colonr,  and  cool  It  in  the  tallow, 
but  be  carefal  either  way  not  to  hold  it  too  long,  eUe  it  will  be 
too  soft ;  in  this  case  the  point,  which  will  then  turn  blue,  most 
be  tempered  again.    Be  not  hasty  in  tempering,  for  sometimes 

mUe  wetting  will  bring  it  to  a  good  condition,  when  it  is  but 

little  too  hard. 

To  hold  the  graver,  cut  off  that  part  of  the  handle  upon  the 
same  lines  with  its  bellj,  or  sharp  edge,  making  that  side  flat, 
that  It  may  be  no  obstruction.  Hold  the  handle  in  the  hollow 
of  your  hand,  extend  your  forefinger  towards  the  point,  let  it 
rest  on  the  back  of  the  grayer,  that  you  may  guide  it  flat  and 
parallel  with  the  plate.  Let  not  youi  fingers  interpose  between 
the  plate  and  the  graver,  else  they  will  hinder  you  from  carry- 
ing the  graver  level  with  the  plate,  and  from  cutting  the  strokes 
clearly. 

To  lay  the  design  upon  the  plate,  after  you  have  polished  it 
line  and  smooth,  heat  it  till  it  will  melt  virgin  wax,  with  which  rub 
it  thinly  and  equally  over,  and  let  it  cool.  Then,  with  a  black- 
lead  pencil,  draw  on  paper  the  design  which  you  mean  to 
engrave,  lay  it  upon  the  plate,  with  its  pencilled  side  upon  the 
wax,  then  press  it  close,  and  with  a  burnisher  go  over  every 
part  of  the  design,  and  when  yon  take  oflT  the  paper,  you  will 
find  every  line  which  you  drew  with  the  black-lead  pencil  upon 
the  waxed  plate,  as  if  it  had  been  dravvn ;  then  with  a  sharp- 
pointed  tool  trace  all  your  design  through  the  wax  upon  the 
plate,  and  you  may  then  take  off  the  wax,  and  proceed  to 
engrave.  The  table,  or  board  you  work  at,  should  be  firm  and 
steady  ;  your  plate  should  rest  upon  the  sand  bag;  and  holding 
the  graver  as  above  directed,  proceed  according  to  the  following 
rules :— For  straight  strokes,  hold  your  plate  firm  upon  the  sand 
bag  with  your  left  hand,  move  your  right  hand  forwards,  lean* 
ing  lighter  where  the  stroke  should  be  fine,  and  harder  where 
you  would  have  it  broader;  but  for  circular  lines,  hold  the 
graver  steadfast,  and  move  your  hand  or  the  plnte  as  you  see 
oonvenient.  Learn  also  to  carry  your  hand  with  such  dex- 
terity, that  you  may  finish  your  stroke  as  finely  as  you  began 
it;  if  you  are  to  make  one  part  deeper  or  blacker  than  another, 
do  it  by  degrees ;  and  that  yon  may  do  it  with  exactness,  take 
care  that  your  strokes  bo  neither  too  close  nor  too  wide. 
Scrape  off  the  roughness  in  the  course  of  your  work,  but  do 
not  scratch  the  plate  ;  and  to  see  how  your  work  goes  on,  rub 
the  plate  with  oil  rubber,  and  wipe  it  clean.  The  glare  of  the 
fresh-cut  copper  will  thus  be  taken  off,  and  you  will  see  to 
better  advantage  what  you  have  been  doing.  Mistakes  and 
scratches  are  rubbed  out  with  the  burnisher,  the  part  levelled 
with  the  scraper,  and  the  work  proceeded  in  as  formerly.  In 
shading  up  your  work,  commence  with  the  fainter  lines,  and 
finish  with  deeper.  The  dry-point  executes  the  lightest  parts 
of  the  work,  as  the  water,  sky,  fine  draperies,  &c.  To  prevent 
too  much  light,  a  sash  made  of  transparent  paper  should  be 
placed  between  your  work  and  the  light,  which  will  greatly 
assist  your  eyes  when  the  sun  shines  fiercely. 

Engraving  on  Wood^  Glass,  ffc, — Engraving  on  wood  is  a  pro- 
cess exactly  the  reverse  to  engraving  on  copper.  In  copper, 
the  strokes  to  be  printed  are  sunk  or  cut  into  the  copper,  and  a 
rolling  press  is  used  for  printing  it ;  in  engravings  on  wood,  on 
the  contrary,  all  the  wood  is  cut  away,  except  the  lines  to  be 
printed,  which  are  left  standing.  A  wood  cut  is  a  type,  and  the 
mode  of  printing  is  the  same  as  that  used  in  letter-press.  Box- 
wood, planed  quite  smooth,  is  used  for  this  purpose.  The 
design  is  then  drawn  upon  the  wood  itself  with  a  black-lead 
pencil ;  all  the  wood  is  then  cut  away  with  i^ravers  and  other 
tools,  except  the  lines  that  are  drawn.  Or,  the  design  is  some- 
times drawn  upon  paper,  and  pasted  upon  the  wood,  which  is 
cut  as  before. 

This  art  is  of  considerable  difficulty  ;  there  are  now  many 
who  practise  it,  but  few  who  have  attained  excellence  ; 
Bewick,  Branston,  Hughes,  and  some  others,  cut  most  beau- 
tifully. It  is,  however,  useful  for  books,  not  because  the 
printing  of  it  is  cheaper,  as  has  been  supposed,  than  that  of 
copperplates ;  but  becaase  a  block  for  ready  reference  can  be 
put  in  where  an  engraving  on  copper  could  not.  Yet  it  can- 
not be  applied  equally  well  to  all  the  purposes  to  which  cop- 
perplate engraving  is  applicable. 


AeiURo  oil  fi^lMff.— iQlasa  reslfts  the  methm  of  all  addt^ 
except  the  fluoric  acid.  By  this,  however,  it  is  corroded  m 
copper  is  by.aqua-fortis ;  and  plates  of  glass  may  be  engrated 
in  the  same  manner  as  copper.  There  are  several  methods  of 
performing  this.  We  shall  first  describe  the  process  of  eteh- 
Ing  by  the  fluoric  acid  in  the  state  of  goM,  Having  covered  over 
the  glass  to  be.  etched  with  a  thin  coat  of  virgin  wax,  (eomoMNi 
bees'  wax  bleached  white,)  draw  the  design  upon  It,  in  the 
same  manner  as  in  etching  on  copper.  Take  some  Awr  jpsr, 
(Derbyshire  spar,)  pound  it  fine,  put  it  into  a  leadlen  Tessel, 
and  pour  some  sulphuric  add  over  it ;  place  the  glass  with  the 
etched  side  lowermost  over  this  vessel,  two  or  three  iaebes 
above.  Apply  to  the  leaden  vessel  a  gentle  heat,  which  will 
cause  the  acid  to  act  upon  the  floor  spar,  and  the  gas  disen- 
gaging itself  will  corrode  the  glass.  When  it  is  saflcieotly 
corroded,  the  wax  may  be  removed  by  oil  of  tnrpentiiie.  This 
etching  may  be  also  performed  by  raising  a  margin  of  border- 
ing wax  round  the  glass,  as  on  copper,  and  poar  on  the  liqvid 
fluoric  acid,  which  acts  upon  the  glass. 

A  third  method  of  etching  on  glass  is  as  follows : — ^Having 
put  the  wax  on  the  glass,  draw  your  design  upon  it :  raise  a 
margin  all  round  it.  Then  put  pounded  fluor  spar  with  some 
sulphuric  acid,  diluted  with  water,  upon  the  glass.  The  sal- 
phuric  acid  will  disengage  the  fluoric,  which  being  absorbed  hy 
the  water,  will  corrode  the  glass.  Beautiful  ornaments  nay 
thus  be  etched  on  glass,  and  applied  to  decorate  windows,  by 
painting  the  figure  of  the  ornament  on  panes  of  glass  witk 
engravers'  stopping  varnish,  and  then  exposing  the  panes  t» 
the  action  of  the  gas.  The  gas  will  corrode  all  the  sorfaee  of 
the  glass,  except  where  the  varnish  has  been  pat,  and  give  ft 
the  appearance  of  ground  glass,  which  may  be  rendered  SMwe 
or  less  opaque  by  lengthening  or  shortening  the  process.  The 
parts  where  the  varnish  was  applied,  will  continue  traospareat, 
and  seem  extremely  bright.  It  is  to  be  noticed,  that  whei 
liquid  fluoric  acid  is  nsed,  that  lines  which  have  been  etcbc4 
t^ontinue  still  transparent;  but  when  the  gas  has  been  esh 
ployed,  the  line  is  white  and  opaque,  as  if  cut  by  a  wheel. 

Engraving  on  Precious  Stones, — In  engraving  if lamesdf ,  the 
first  thing  is  to  cement  two  rough  diamonds  to  the  ends  of  two 
sticks,  held  steadily  in  the  hand,  and  rub  or  grind  them  agaimt 
each  other,  till  they  are  brought  into  form.  The  powder  servei 
to  polish  them,  which  is  performed  with  a  mill  turning  an  Iras 
wheel.  The  diamond  is  fixed  in  a  brass  dish,  and  applied  te 
the  wheel,  and  covered  with  diamond  dost,  mixed  with  olife- 
oil,  and  first  one  face,  then  another,  is  applied  to  the  whed. 
Rubies,  sapphires,  and  topazes,  are  cut  and  formed  on  a  coppa 
wheel,  and  polished  with  tripoli  dilated  in  water.  Agmits,  amt- 
thysts,  emeralds,  rubies,  and  the  softer  stones,  are  oat  on  t 
leaden  wheel,  moistened  with  emery  and  water,  and  poliskd 
with  tripoli,  on  a  pewter  wheel.  Lapis^laxuli,  opal.  Ice  sre 
polished  on  a  wooden  wheel.  To  fashion  and  engrave  vases  of 
agate,  crystal,  &c.  a  lathe  is  nsed,  on  which  are  the  tooh, 
turned  by  a  wheel ;  and  the  vessel  is  held  to  them  to  be  es- 
graven,  either  in  relievo  or  otherwise ;  the  tools  being  moist- 
ened, from  time  to  time,  with  diamond-dnst  and  oil,  or  emay 
and  water. 

Engraving  on  Steel,  or  Dge-sinking, —This  is  chiefly  used  io 
cutting  seals,  punches,  matrices,  and  dies  for  striking  cmnser 
medals.  The  method  of  engraving  with  the  instraments,  kt* 
is  the  same  for  coins  as  for  medals  and  counters :  the  only  dif- 
ference is  in  the  relievo,  that  of  coins  being  less  than  that  if 
medals,  and  that  of  counters  less  than  that  of  coins.  Bs- 
gravers  in  steel  commonly  begin  with  punches,  which  are  is 
relievo,  and  serve  for  making  the  creux,  or  cavity,  of  the  matri- 
ces and  dies :  though  sometimes  they  begin  with  the  orenx,  bat 
only  when  the  work  is  to  be  cut  very  shallow. 

Improvements  in  Engraving  and  Copper-plate  Printing, — ^Veiy 
extraordinary  improvements  in  the  art  of  producing  and  molli- 
plying  impressions  of  engravings,  have  lately  been  made  by 
Jacob  Perkins,  of  Philadelphia,  who,  from  his  pre-emioest 
skill,  was  employed  by  the  American  Banks  in  the  fabricatioB 
of  notes.  It  is  the  peculiar  merit  of  Mr.  Perkins's  notes,  that 
they  are  capable  of  exhibiting  the  highest  perfeotioo  of  the  art 
of  engraving ;  while  at  the  same  time  every  impression,  thoogh 
millions  of  them  may  be  required,  is  equal  to  a  proof,  ffii 
mode  of  proceeding  is  as  follows :    He  first  oaases  the  tnhjeit 
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iirraved  on  i  flat  plate  of  toft  itccl,  whiob,  bciDfc  dvly 
rd,  is  then  capable  of  impressinpf  a  aimilar  anrface  of 
el  in  a  cylindrical  form.  The  cylinder  in  ita  tarn  beiofc 
•d,  is  then  capable  of  impresainfc  other  flat  plates  of 
el,  or  copper-plates ;  and  one  cylinder  can  thus  multiply 
coppci  platci,  in  any  desirable  number,  equal  in  efl^ect 
icacy  to  ihe  first  enfcravin^^.  From  these,  of  course,  any 
of  impressions  on  paper  may  be  taken,  all  fac  similes 
mother ;  and,  if  steel  plates  arc  used,  tliey  are  all  equal 
fa ;  or,  if  ropper,  they  may  be  renewed  as  often  as  they 
>  wear.  The  apparatus  for  transferring  the  impressions, 
as  for  producing  endless  lines  in  beautiful  scrolls,  and 
er  piirposrs,  are  hii^hly  creditable  to  the  f^enius  and 
cturrs  uf  tlic  United  Statea:  but  Mr.  P.  has  proved  his 
of  contrivance,  by  inventing  a  machine  for  copper- 
rioting,  by  which  he  is  enabled,  with  36  plates  and  the 
af  four  men.  to  produce  IHU  impressions  in  a  minute,  or 
in  a  day.  This  artist  now  carries  on  his  business  in 
treet,  liondon. 

EAHKCWTKRIS,  in  Chronology,  a  cycle  or  period  of 
r  or  lunar  years. 

lE.VMUCA,  in  Botany,  the  name  of  the  9th  class  in 
is'  sexual  system,  consisting;  of  such  plants  as  have 
•hroditc  flowers,  with  nine  stamina,  or  small  orfrans. 
IGN,  a  larf^e  flay;  or  banner,  hoisted  on  a  lon|^  pole, 
over  the  stern,  and  called  the  cnsif^u-stafl';  the  eusi|irn 
to  distintruish  the  ships  of  different  nations  from  each 
IS  also  to  characterize  the  different  squadrons  of  the 
it  was  formerly  written  Ancient. 
ABLATL'UE,  or  Entablement, in  Architecture,  is  that 
an  order  of  a  column  over  the  capital,  and  comprehends 
hitrave,  fricEc,  and  comiche.    It  is  used  sometimes  to 
the  last  row  of  stones  on  the  top  of  the  wall  of  a  build- 
nhich  the  timber  and  covcrinf^  rest. 
AIL.  in  Law,  is  a  fee- estate  entailed,  that  is,  abridg^ed 
nited  to  certain  conditions  prescribed  by  tbc  donor  or 

ERTNO  Pouts,  ports  cut  down  on  the  middle  gun-deck 
sderkers,  to  serve  as  doors  for  persons  goint;  in  or  out 
hip.  Entering  Hope*,  or  Side  Ropes,  three  ropes  hani;- 
n  the  upper  part  of  the  ship's  side,  or  from  the  entering 
m  the  ri^ht.  left,  and  middle  of  the  steps. 
OMi)L()GY.  that  part  of  Zoology  which  treats  eiela- 
of  iiMrits.  Linnseus  has  divided  insects  into  seven 
The  nvxvs  of  insects  are  commonly  two,  male  and 
NtMitrrs  arc  to  be  met  with  among  those  insects  which 
■warms,  «ui  Ii  as  ants,  bees,  &e.  The  majority  of  insects 
erved  io  bo  annual,  finishing  the  whole  term  of  their 

the  spurt'  of  a  year  or  less,  and  many  do  not  live  half 
ie;  nay.  there  are  some  which  do  not  survive  many 

but  this  latter  period  is  to  be  understood  only  of  the 
I  fihen  in  their  complete  or  ultimate  form,  for  the  larva' 
I  as  are  of  this  short  duration  have  in  reality  lived  a 
Dg  time  under  water,  of  which  they  are  natives  ;  and  it 
rved.  that  water  insects,  in  general,  are  of  longer  dura- 
in  land  inserts. 

;ts  are  distin<^uished  from  other  animals  by  their  being 
ed  with  nrvrr  fewer  than  six  feet,  and  sometimes  with 
lore  :  b>  their  hreathini;.  by  spiracles  or  breathing-holes, 
1  at  (-rrt:iin  dintanees  along  each  side  of  the  body;  and 
by  the  head  beini;  furnished  with  a  pair  of  uuienme,  or 

borns,  which  are  extremely  various  in  the  different 

irst  state  in  whieh  tlie  generality  of  insects  appear,  is 
an  rprf.  From  this  is  hatched  the  animal  in  ita  second 
rhen  it  i<  iuipropcrU  called  the  cattrrpiihr.  The  insect, 
state,  is  the  larra  or  larve,  a  mask  or  disguise  of  the 
in  its  future  form.  The  larve  diflers  in  its  appearance, 
nc  to  \hr  tribe  to  i»hich  it  belongs.  When  the  time 
fur  thr  larve  to  change  into  its  next  state  of  rAry#a/i#, 
.  it  ceases  to  feed,  and  having  placed  itself  in  some 
ituation  tor  the  purpose,  lies  still  for  several  hours;  and 
'  a  laborious  eflort,  fiequently  repeated,  divests  itself  of 
emni  xkin,  or  liirve-eoat,  and  immediately  appears  in 
y  different  form  fif  a  pupa.  The  Linna*an  term  pupm 
'en,  from  the  indistinct  resemblance  which  many  iosects 


hear  in  this  state  to  a  doll,  or  a  child  when  swathed  np  accord- 
ing to  the  old  fashion.  The  pupa  emerges  at  length  the  com- 
plete insect,  in  its  perfect  or  ultimate  form,  from  which  it  can 
never  after  change,  nor  can  it  receive  any  further  increase  of 
growth.     This  last  or  perfect  state  is  termed  the  immgo. 

Some  insects  undergo  a  change  of  shape,  but  are  hatched 
complete  in  all  their  parts  from  the  egg,  and  onl>  east  their 
skin  from  time  to  time,  during  their  growth,  till  they  acquire 
the  full  size  of  their  species.  The  monih  in  some  tribes  is 
formed  for  gnawing  the  food,  and  operate  s  b>  a  pair  of  strung 
horny  jaws,  moving  laterally,  as  in  the  heeilr  u\\\v\  while  in 
others  it  is  formed  for  suction,  and  eonsisi.H  of  n  sort  of  tube 
In  the  butterfly  and  moth  tribe,  it  consists  of  a  double  tub**, 
which,  when  at  rest,  is  rolled  into  a  spiial  torni.  and  when  in 
use,  extended  at  full  length.  The  ryrf  difler  in  the  different 
tribes;  the  greater  number  of  insect.s*are  furnished  with  eyes 
apparently  two  in  number,  and  situated  on  earh  Kitle  the  head. 
The  outward  surface  of  the  coats  of  these  e_\es  may  lie  com- 
pared to  so  many  convex  lenses  or  glassr-s.  The  head  of  the 
common  dragon-fly  is  furnished  with  26.<nh)  of  these  lenses ! 
In  spiders,  the  eyes  are  from  six  to  eight  in  number  :  of  a  simpir 
structure,  and  placed  at  a  considerable  distance  from  each 
other. 

The  muscles,  or  organs  constituting  the  several  portions  of 
the  flesh  in  insects,  are  more  numerous  than  in  the  larger 
animals,  and  extremely  irritable.  In  the  human  hody,  the 
muscles  scarcely  exceed  61KI,  in  a  large  caierpijlar  more  than 
4000  have  been  discovered.  The  power  uf  the  muscles  is  also 
much  greater  than  in  animals.  A  flea  is  capaLlt*  of  springing 
200  times  its  own  length  ;  whereas  the  jerlnie  or  kangaroo,  in 
their  most  powerful  leaps,  fall  \ery  short  of  the  same  propor- 
tional distance. 

The  orders  of  in.sects  are,  I.  Coleoptera,  whicli  have  crusta- 
eeous  cases  covering  their  wings,  and  which,  when  closed,  form 
a  longitudinal  division  along  the  middle  of  the  back,  as  in  the 
cock-ehafer ;  2.  tiemipiern,  which  have  four  wings,  the  upper 
ones  partly  crustaceous  and  partly  membranaceous,  and  being 
crossed  over  the  back,  or  incumbent  on  each  other,  as  the  cork- 
roach:  3.  LepidofUera,  insects  with  four  wings,  covered  with 
flne  scales  and  powder,  as  the  hulierjlif,  moth  ;  4.  .\eurvpttm, 
having  four  membranous  and  semi-transparent  wini;s,  vrinrU 
like  network,  and  the  tail  with  a  sting,  as  \hc  dragon  fitf :  6. 
iigmcHopiera,  insects  which  have  four  membranarenus  and  semi- 
transparent  wings  veined  like  network,  and  the  tail  nrmed 
with  a  sting,  as  in  the  wasp  and  hre :  <>.  DipUra  insects  have 
only  two  wings,  as  the  common  house- fites ;  7.  Aptera  insects 
have  no  wings,  as  the  spiders. 

ENTRANCE,  a  numf  frequently  given  to  the  foremost  pan 
of  the  ship  under  the  surface  of  the  sea. 

ENTRcPAS,  in  the  Manege,  Ihe  broken  pace  of  a  hor^f. 
resembling  an  amble,  being  neither  w  nik  nor  trot,  and  proerrtN 
from  the  animal  having  no  reins  or  back,  and  eoing  upon  its 
shoulders.  In  general,  this  is  the  gait  of  all  horses  wIionc 
limbs  are  spoiled. 

ENTIUX'lll'.S.  in  Natural  History,  a  genus  of  extraneous 
fos«iils,  known  by  the  popular  name  of  St.  (-uthbert's  beadn. 
usually  found  in  limestone,  and  of  all  sixes,  from  a  pin's  head 
to  a  Anger's  length. 

ENTRY,  Writ  oi,  is  a  writ  directed  to  the  slier ifl,  requiring 
him  to  command  the  tenant  oi  the  land,  that  he  render  to  the 
demandant  the  premises  in  question,  or  appear  in  court  on 
such  a  day,  and  shew  whv  he  has  not  done  it. 

_  ■ _  m 

ENUMERATION,  the  act  of  numbering  or  counting. 

ENVELOPE,  in  Furtilication.  a  work  of  e:ir:h  sunii-iimes  in 
form  of  a  simple  parapet,  and  yet  at  others  Ifke  a  small  ram- 
part, with  a  parapet :  it  is  raised  sometimes  ou  the  ditch,  and 
sometimes  beyond  it. 

ENVOY,  a  person  deputed  to  negotiate  some  hffair  with  any 
foreign  prince  or  state.  Those  sent  from  the  courts  of  France. 
Britain,  &c.  to  any  petty  prince  of  Cermany,  the  republics  of 
Venice,  Genoa,  &c.  go  in  quality  of  envoys,  not  ambassadors  ; 
and  such  a  character  only  do  those  persons  bear,  who  go  fruin 
any  of  the  principal  courts  of  Europe  to  another,  when  the 
afl'air  they  go  upon  is  not  very  solemn  or  important. 

EPACT.S,  (from  iTa^m,  iNr/vrn,  iniercalo.)  in  (*hrnnology,  the 
excesses  of  the  solar  month  above  the  lunar  sy nodical  month, 
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Mdaf  a«  Mim  yau  abAW  Om  Ibmt  jeu  «r  twal*«  xyao^od 
««Mtti;  or  of  ■Bw«fd  mIbt  aontka  «bo«e  m  many  Mfooditml 
nvDtbi,  m»d  MTcral  mIm  j«vi  sJrate  u  idhj  donn  af  •ja»- 
dioal  KMUtii.    Tbe  epwU  than  are  eiU«r  anaaal  or  aenalnial. 

MautrtMl  Ef*cti,  are  die  «XMnM  of  tkn  eivil  or  calendar 
Haalk  ahaT«  the  loDar  month.  Suppau,  t.§.  it  wera  new 
Moan  on  th«  fint  day  of  Jaonaryt  wm  Ihe  UMr  mMh  is 
flV>  13*  44*  3".  and  the  nonth  of  Jwwarr  wnUini  31  dayi,  (he 
awaatraal  epact  is  1<1  11^  W  S>f. 

Ammml  Bpacti,  are  the  exoessei  of  the  aolar  j«ar  above  (he 
Irbbt.  Hence,  ai  the  lalian  solar  ft^  U  a6»i  e**,  and  the 
Jsliui  laaar  vear  3M^  S**  4S'  38*,  (he  aonaal  epact  viU  be 
lO'SI^  11' Sr,  that  ii,  uearlj  )1  day*.  Conaequwtly,  the 
apact  of  two  years  if  22  days;  of  three  year*.  33  day*;  or 
mher  thirty.  «aoe  30  days  make  an  eabolisiak,  or  uttercalary 
moalk.  Thai  &t  epnct  of  foar  year*  ia  U  <Uya,  and  so  of  tbe 
roat ;  ^d  thni  every  10(h  fear  the  opact  beeomea  30  or  0 ; 
MKHaqnendy  the  aotk  year  the  epact  ia  II  agaia ;  and  to  the 
«yde  ofopacts  expire*  with  the  gMea  aiunber,  or  hioar  eyclo 
•f  U)  year*  begins  with  tbs  same  ;  these  are  JiiUaN  epacts :  the 
Gregorian  depend  npon  tbe  sane  pi»iciple«,acceuotiiigODlj 
fiv  tbe  difference  of  tbe  respective  years. 

As  the  new  moona  are  tbe  same,  that  is,  as  they  fall  on  the 
■ane  day  every  \9  year*,  w  tbe  diffsreoce  between  the  Ihubt 
and  aoiar  years  is  the  saaae  every  Id  years.  And  beeanse  the 
wid  difference  is  always  to  be  added  to  the  lanar  yur,  in 
Older  to  a^jait  or  make  it  equal  to  Uie  solar  year,  theieEare  the 
Mid  difference  respectively  belonging  to  eaeh  year  of  (be 
•eon's  cyole,  is  eaUed  the  epact  of  tbe  said  year,  Uwt  ia,  tbe 
i  •waber  to  be  addod  ta  tte  saow  year,  (o  make  it  eqnal  (o  (he 

RtJetejtttdtht  Greporiait  Epact,— The  difference  between  the 
Julian  and  Gregorian  yeari  being  equal  to  the  difference 
between  the  aolar  and  lanar  year,  or  1 1  days ;  tberefure.  the 
Of  agorian  Epact  for  any  year  is  tbe  same  with  tbe  Julian  Epact 
&r  tke  preoeding  year ;  and  hence  tbe  Gregorian  Epact  will  be 
foudby  nhtraatioK  (bom  the  golden  oamber,  mnltiplyiog 
tho  renainder  by  11.  and  rejecting  tbe  90's.  This  rule  will 
serve  till  tbe  year  IQUO,  but  after  that  year  the  Gregorian  Epact 
will  be  bond  by  this  rale :  divide  the  centuries  of  tbe  given 
jraar  by  4,  mnltiply  tbe  remainder  by  17 ;  then  to  this  piodact 
mM  43  timei  the  quotient,  and  also  the  number  86,  and  divide 
tbe  whole  anm  by  36,  reserving  the  quotient :  next  multiply  the 
golden  nnmber  by  11,  and  from  the  product  subtract  tbe 
raserred  quotient,  so  shall  the  remainder,  after  rejecting  all 
(be  30's  eooUined  in  it,  be  the  epact  soagbt.  Tbe  following 
table  contains  the  golden  numbers,  with  tbeir  corresponding 
qiacts,  tUI  tbe  year  11*00. 

Taile  (/Grc^oriaM  ^»ett. 


^^f^:^. 

ei«u. 

^.'■^^. 

Ep«B. 

^.isz. 

^.«. 

1 

VIU. 

17 

XV. 

IX. 

38 

XVI. 

I& 

X. 

0 

XVII. 

OS 

3 

XI. 

■JO 

XVIll. 

7 

V. 

14 

Xll. 

XIX. 

Itl 

VI. 

3ft 

XIII. 

IS 

0 

VII. 

S 

XIV. 

33 

belonging  tu  theordeiof.  ..... 

These  fliei  lake  tbeir  name  of  May-fly  from  the  shortness  of 
tbeir  life.  Some  live  several  days,  others  do  not  take  Sight 
till  the  setting  of  the  no,  and  live  not  to  see  his  rising.  Some 
exist  an  hour,  others  half  that  time. 

EFHEMERIDES,  in  Aalronomy,  tables  calculated  by  astro- 
Homers,  sbevring  (he  present  stale  of  the  heavens  for  every  day 
M  noon;  that  is,  the  places  wherein  all  the  planets  are  found 
at  that  time.  It  is  from  these  tables  that  tbe  eclipses,  conjunc- 
tions, and  aspects  of  the  planets  are  determined,  horoscopes 
or  Mlestid  ichemes   coostmcted,  be.    The  astronomers  of 


MMtmtiona  publish 4vha«oride*;  of  dwte  tbe MMtBiMtttil 
are,theBpIieiBeridesafBei«CDa]  ibe  Nandml  Atmsma,!**. 
Jtehed  in  eogland ;  nod  tbe  r  inii  nisaanoo  dea  Tanfi,  p^ 
lisbed  in  Franee. 

EPHEHEEIS,  a  MaatienI  AJMiuauk. 

EPICUBBAN8,naeot«f  nncteMi^laaBphen  *h*  Mawd 
(be  doctrine  of  Ef^nna.  a  oBlebfwted  ^Woenyhti  wfOnMi 
linm  in  Atliea,  about  aott  yenn  beteo  ChriaL  At  dm  eailt 
age  of  12  years  be  gav«  aslaiilibnn  | 
oAerwards  improved  by  visiting  J 
crowded  by  tha  followeta  of  Plato,  (ba  Cyntea,  i 
and  the  Stoics.  Here  bo  eatabtisbed  himself  i 
attracted  a  number  of  followers  by  the  sweetoest  nndgi 
of  bis  maaners,  and  by  his  aocinl  rartncs.  In  Ws  ctm 
aiaintaiaed  Ibat  the  snpmne  good  of  m«m  ccoaiata  in  plMMn, 
and  sapraae  evil  in  pain.  Natare  heraelf,  aaya  be,  tMnbv  ^ 
this  tmtb ;  and  pronpta  ns  from  oar  UrA  to  pnMxie  vlamor 
givoi  ns  pleasure,  and  nvoid  wlwtaver  gives  nn  yaia.  IHa 
doctrine,  which  seemed  to  open  the  way  to  jeaamMy  ari 
dissipation,  proenred  for  Epioonis  a  groat  nnnbar  of  eKa^es, 
particularly  Bmun);9t  the  Stoics;  but  be  reibted  nU  thoaMM- 
aaiioB*  of  bis  adversaries  by  tbe  pari(y  of  hta  ■torala.  Ks 
fblloweis  were  nwneroua  in  every  ago  oad  cminlij ;  bnt  liiaj 
soon  degenoiited  from  (be  comparaOively  p 
(heir  master,  and  planed  tbeir  bnppinc 
pleasures. 

EPICYCI^,  in  tbe  asdent  Astten— y.  wni  ■  nnbtrtloalt 
orbit  or  oircle,  whieh  wu  supposed  to  move  am  (be  (4i«b» 
ference  of  a  larger  one,  called  tin  iHfirmt ;  by  meant  if 
which  one  notion,  apparently  irvvgrfar,  was  icaalrad  iata  t»* 
that  were  circular  and  niriCarm.  And  wben  tbe  •beennl 
motion  was  so  irregular  and  oompUeated  a*  not  tm  be  reaahai 
with  one  epicycle,  others  were  added  (ill  anenmr  aiiiiinil— 
tion  was  obtained.  This  system  owed  its  origin  ta  .  ^-  -,- 
that  seems  to  have  been  exiremely  aneient,  in  Cavoaw  of  d 
lar  motioB ;  and  the  problem  that  principally  engaged  Bs 
atteotion  of  astronomers  in  those  times,  was  to  aasign  Ae  pto 
per  proportion  of  the  different  and  epteyole  whidi  abaaH 
approximate  oearott  to  absolnte  observation. 

EPICYCLOID,  in  Gaomeb-y,  is  a  curve  ganentod  by  a 
point  in  one  circle,  which  revolves  aboat  another  eircle,  cmw 
on  tbe  coDcavity  or  coovesity  of  its  circomlerenoe,  and  (fcn 
differs  from  the  common  cycloid,  which  is  generatad  by  lb 
revolution  of  a  circle  along  a  ri);ht  tine;  tboagh  the  latter  bM 
sometimes  been  BHimilated  with  the  former,  by  oonaidaris| 
the  right  line  as  the  circonifiBreBce  of  a  circle  whose  diameta 
is  iobnite.  Tbe  invention  of  epioyeloids  is  ascribed  to  ■. 
Roemer,  tbe  celebrated  Danish  astronomer. 

EPIDEMIC,  in  Medicine,  denotes  those  disuses  wb(b 
prevail  at  particular  seasons,  attacking  many  peraona  at  IIm 
samo  lime. 

EPIDENDRUH.  a  genus  of  the  diandria  order. 

EPIGASTRIC  REGION,  a  part,  or  subdivision  «f  b 
abdomen. 

BPIGRAPHE,  denotes  tbe  iDaoriptioa  of  a  bnildiag,  peW- 
iog  out  the  time  when,  the  persons  by  whom,  and  the  aaesfer 
which  it  was  erected. 

EPILEPSY,  in  Medicine,  the  same  with  whnt  ia  asaah 
called  the/affin;  litlauu,  from  the  patient's  falliag  a 
on  the  ground. 

EPIPHANY,  a  Festival,  odierwise  called  the  1       

ofCbrial  to  the  GentilcF,  observed  on  the  6th  of  JaBiMry,ll 
honour  of  the  appearance  of  our  Saviour  to  the  three  magi,M 
wise  men,  who  came  to  adore  him,  and  bring  Um  [weaaiti. 
The  kings  of  EuKland  and  Spain  offer  gold,  frankinoenso,  aii 
myrrh,  on  epiphany,  or  twelfth  day,  in  memory  of  the  offeriap 
of  the  wise  men  to  the  iafaat  Jesui.  Tbe  festival  of  epiphaa; 
is  called  by  the  Greeks  the  Feast  of  Lights,  because  oar  Savieai 
is  said  to  have  been  baptiaed  on  this  day ;  the  baptism  is  by 
them  called  illumiQation. 

EPISCOPACY,  ecclesiastical  government  by  bisbopa  and 
oiher  dignitaries,  as  in  the  church  of  England. 

EPISTILE,  in  Architeclore,  the  architrave,  a  masaiTe  piMS 
of  wood  or  stone  laid  immediately  over  the  capital  of  a  oawaa. 

EPITAPH,  a  monumental  inscription  in  honour  or  maaMfy 
of  a  person  defunct,  or  an  inscription  eogmvea  or  cat  e>  a 
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>  mark  4be  line  of  »  ^rson'a  deceaM,  Jut  vuDe, 
ind,  asaaUy,  «ome  ealogiam  of  his  mtors,  or  good 

HEN,  in  Pharmacy,  a  kind  of  fomentation,  or  remedy 
iiooaa  or  aromatic  composition,  applied  externally  to 
m  of  the  heart,  the  liver,  &c.  to  strengthen  and  couiibrt 
%  or  to  correct  some  intemperature  thereof. 
!HA,  or  ^aA,  is  a  oertaia  iaed  point  of  tiwe,  Made 
by  sooie  reinarkaUe  event ;  from  ivhence,  as  fh>m  a 
}  ensuing  years  are  mimbared  vr  oonputed.  As  ttiere 
IroBOflMcai  consideration  to  reader  one  epoch  a  prefer- 
another,  their  coBStitation  is  porely  arhatrary,  and 
D  f  arioas  epochas  have  been  used  at  dilfereat  times, 
log  different  nations. 

'krisiian  Eporkm  commenoes  oa  tb«  3&th  of  December, 
■t  or  January.  But  ia  those  coootrlca  which  observe 
an  calendar,  it  eommences  on  the  2Ath  of  March.  The 
ii  this  way  of  computing  from  Christ,  was  Dionysios 
I,  a  Roman  abbot,  who  lived  aboat  the  beginning  or  the 
fntury. 

SywrAa  of  the  Cmrnm,  according  to  the  Jewish  compo- 
s  the  year  of  tfae  Julian  period  M3,  answering  to  the 
Christ  37G1,  and  commendng  oa  the  7th  of  Ortobrr. 
if  w«  subtract  oat  from  any  given  year  of  the  Julian 
the  remainder  is  the  corresponding  year  of  the  Jewish 
of  the  creation. 

^pocha  of  ike  Olfrnpiads,  nsed  principally  by  the  Greeks, 
us  in  ancient  history.  It  took  its  rise  from  (he  Olympic 
which  were  celebrated  at  the  beginning  of  every  fifth 
ear  Olympia,  a  city  of  Elis,  in  Peloponnesus.  An 
ad,  therefore,  was  a  period  of  four  years ;  and  by  these 
the  Grreks  reckoned  their  time,  the  year  in  wliich  the 
nere  celebrated  the  first  year  of  the  Olympiad.  The 
Dg  of  tlie  first  Olympiad  is  referred  to  the  year  of  the 
>eriod  3031,  or  776  years  before  Christ 
SbocAa  of  the  Building  of  Rome,  was  the  principal  one 
the  Romans.  This  enocha  is  the  yesr  of  the  Julian 
Ml,  and  answers  to  the  year  753  before  Christ,  com- 
C  on  the  21st  of  April. 

}w€iesian  Epoeha,  or  epocha  of  the  Martyrs,  commences 
rear  of  Christ  !M,  and  that  of  the  Julian  period  4007. 
ned  its  name  from  the  great  number  of  Christians  who 
1  martyrdom  in  the  reign  of  the  emperor  Dioclesian. 
^poeka  of  the  Htpira  is  used  by  the  Turks,  Arabs,  and 
rno  profess  the  Mahometan  faith.  It  commences  on  the 
July,  in  the  year  of  Christ  (922,  and  of  the  Julian  period 
The  word  hrgim  signifies  jf^Al ;  the  event  which  gave 
a  to  this  cpurha,  being  Mahomet's  flif^ht  from  Mecca, 
gistrates  of  that  city,  finding  that  his  imposture  tended 
irb  the  public  peace,  were  determined  to  cut  off  the 
of  it,  to  prevent  the  further  spreading  of  the  mischief, 
ihoroet,  having  timely  notice  of  their  design,  fled  by 
I  Medina,  another  city  of  Arabia,  in  the  year  of  our  Lord 
aentioned ;  and  this  is  the  principal  rra  from  which  the 
etans  compute  their  time. 

ffiMi  lux^n  his  account  from  the  conception  or  incarna- 
lually  called  the  Annunciation,  or  Lady  Hay,  which 
obtained  in  the  dominions  of  Great  Britain  till  the  year 
sforc  which  lime  the  I>ionysian  was  the  same  as  the 
epoch  ;  but  in  that  year  the  Gregorian  calendar  having 
Imitted  by  act  of  parliament,  we  now  reckon  from  the 
anuary.  k%  in  the  other  parts  of  Europe,  except  in  the 
r  Rome,  where  the  epoch  of  the  incarnation  still  obtains 
date  of  their  bulls.  The  true  birth  of  Christ  mas  four 
arlier  than  is  reckoned  in  the  common  date,  a'bich  ror- 
Is  tu  t7(i!i  of  the  Julian  epoch. 
OL'VKTTK.  the  name  of  an  instrument  for  ascertaia- 

strcnj^th  of  lirrd  gunpowder,  or  of  comparing  the 
I  of  dillerent  kinds  of  gunpowder.  One  of  the  best 
priM>f  of  powder  in  artillery,  is  that  contrived  by  Dr. 

It  consists  of  a  small  brass  gun,  about  2|  feet  long, 
led  by  a  metallic  stem  or  rod,  turning  by  an  axis  on  a 
I  strony^  frame,  by  nieaiis  of  which  the  piece  oscillates 
;olar  arch.  A  little  below  the  axis,  the  stem  divides 
o  branches,  reaching  down  to  the  gun.  to  which  the 
ads  uf  the  branches  are  lixcd,  the  one  near  the  mucsle, 


the  other  near  the  breeeh  of  *e  ffoee.  Tba  upper  end  of  the 
steal  ia  firaaly  attached  la  tbe  aaia,  which  turns  very  freeiy  hy 
its  extremities  in  the  soekets  of  the  sapportiog  frame,  by  mbtch 
■nans  the  gun  and  stem  vibrate  together  in  a  vertical  plana, 
with  a  very  small  degree  of  friction.  The  piece  is  r barged 
with  a  small  onantity  of  powder  (nanally  about  two  oaacea) 
without  any  ball,  and  then  fired  ;  by  the  force  of  the  explowon, 
the  piece  is  made  to  recoil  or  vibrate,  describing  an  arch  or 
angle,  which  will  be  greater  or  less,  aocordiag  to  the  quantity 
or  strength  of  the  powder. 

To  aaeasnre  tbe  quantity  of  recoil,  and  eonseqoently  the 
strength  of  the  powder,  a  circular  braxen  or  silvered  arrh  of  a 
convenient  extent,  and  of  a  radius  equal  to  its  df  stance  below 
the  axis,  is  fixed  against  tbe  descending  two  branches  of  thn 
stem,  and  graduated  into  divisions,  accordiag  to  the  purpoae 
required  to  be  answered  by  the  machine,  rir.  1.  Into  rqnal 
parts,  or  de$rets^  for  the  purpose  of  dt*termininft  the  angle 
actnalljf  described  in  the  vibration.  2.  Into  nnequaJ  parts, 
according  to  the  thirds,  being  in  fact  100  times  the  double 
sines  of  the  half  angles,  and  running  up  to  IW,  as  cqaivaleot 
to  90  degrees ;  these  serve  to  compare  the  veiooities  given  by 
the  powder.  3.  Into  equal  parts,  according  to  the  versed 
sines ;  they  are,  fn  truth,  lUO  times  the  versed  sines  of  oar 
common  tables,  161 1  corresponding  with  uo  degrees,  and  these 
serve  to  compare  the  forces.  The  divisions  on  these  scales  arte 
read  off,  that  is,  marked  out,  by  an  index,  which  is  carried  on 
the  arch  during  the  oscillation,  and  then  stopping  there,  sbeVa 
the  actual  extent  of  the  vibration.  Dr.  Grt^ory  has  found, 
npon  several  trials,  that  two  ouaees  of  powder  giw  36  on  the 
chords,  or  21°  on  the  aro.  Hamedtn*9  eprouvette  is  a  gun  that 
recoils  in  a  direction  parallel  to  itself,  instead  of  vibrating  as 
a  pendulum. 

EPSOM  SALTS,  are  sulphate  of  magnesia. 

EQUABLE  Motion,  is  that  whereby  the  laoveable  body 
proceeds  with  the  same  continued  velocity,  being  neither  atce- 
lerated  nor  retarded. 

EQUABLY  meceiermied  or  retarded  JUaiiom,  Ilc.  Is  when  the 
motion  or  change  is  increased  or  decreased  by  equal  quantllios 
or  degrees,  in  equal  times. 

EQUAL,  a  term  of  relation  between  two  or  more  things  of 
tbe  same  magnitude,  quantity,  or  auality.  or  equals,  are  those 
things  which  may  be  substituted  for  each  other  without  any 
alteration  of  their  quantity.  For  it  is  an  axiom  in  geometry, 
that  two  things  which  are  equal  to  the  same  thing,  are  also 
equal  to  each  other.  And  again,  if  to  or  from  equals  you  add 
or  subtract  equals,  tbe  sum  or  remainder  will  be  equal. 

Eoi'AL  AltUmdes.  in  Practical  Astronompr,  one  of  the  most 
practicable  and  certain  methods  of  determining  the  time,  and 
thus  ascertaining  the  error  of  a  clock  or  chronometer,  is  by 
observing  equal  altitudes  of  the  sun  or  of  a  fixed  star.  For 
this  purpose,  all  that  is  necessary  is,  to  observe  the  instant  the 
sun  or  star  is  at  any  altitude  towards  the  east,  before  the 
meridian  passage ;  and  the  instant  must  likewiso  be  marked 
when  the  same  object  attains  exactly  tbe  sane  altitude  towards 
the  west,  after  the  meridian  passage ;  the  mean  between  tbe 
above  qnantities  will  be  the  instant  marked  by  tbe  clock  at  the 
moment  the  sun  or  star  was  on  the  meridian.  Tbe  preceding 
operation,  however,  supposes  that  the  declination  of  the  object 
has  not  varied  during  the  elapsed  interval,  bnt  this  with  the 
sun  seldom  happens.  The  observation  must,  therefore,  he 
corrected  by  a  table,  or  by  a  direct  calculation. 

Equal  Angles,  are  those  whose  containing  lines  are  inclined 
alike  to  each  other,  or  which  are  measured  by  similar  arcs  of 
their  circles. 

Eqi'al  Ariikmetieml  Rmtiot.  are  those  wherein  the  difference 
of  the  two  less  terms  is  equal  to  the  differcnee  of  the  two 
greater. 

Eql'  iL  C^rrcfMre#,  are  such  as  have  the  same  or  equal  radii 
of  curvature. 

Egi'AL  Fiywret,  are  those  whose  areas  are  equal,  whether 
the  figures  be  similar  or  not. 

Eot'AL  Geometrieml  Rmtios,  are  those  whose  least  terms  are 
similar  aliquot  or  aliquant  parts  of  the  greater. 

Eqi'al  Solids,  are  those  whose  capacities  are  equal. 

EQUALITY,  in  Algebra,  is  a  comparison  of  two  quantities 
which  are  in  effect  equal,  though  differently  expressed  er 
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»^t 


represeiDted;  anditi's  oniany  denoteo  uj  »«»o  parallel  lines, 
as  =  ;  thus  4  -f  4  ==  8;  that  is,  4  added  to  4  is  eqaal  to  8. 
Bat  some  writers  use  the  character  a*  and  others  again  Xt  for 
expressing  equality;  bat  the  two  lines  are  now  generally 
adopted.  In  the  solation  of  a  numeral  problem,  which  is  to  be 
renoered  rational,  if  there  be  only  one  formula,  to  be  equal  to 
a  square  or  other  higher  power,  it  is  called  a  simple  equality. 

EQUANIMITY,  in  Ethics,  denotes  that  even  and  calm 
frame  of  mind  and  temper  under  good  or  bad  fortune,  whereby 
a  man  appears  to  be  neither  puffed  up  nor  overjoyed  with 
prosperity,  nor  dispirited,  soured,  nor  rendered  uneasy  by 
adversity. 

EQUATED  Bodies,  on  the  irttTiter  Scale^  is  the  name  of  two 
lines,  which  relates  to  the  comparison  of  the  sphere  and  the 
regular  bodies ;  they  are,  however,  seldom  given  on  modern 
scales. 

EQUATION,  in  Algebra,  is  any  expression  in  which  two 
quantities  differently  represented  are  put  equal  to  each  other, 
by  means  of  the  sign  =  placed  between  them ;  thus  7  ax  +  3x 
=  6,  6y'  +  3y  —  a  zi  0,  7a:»  +  3««  —  11  =  0,  &c.  are 
equations,  and  these  receive  different  names,  according  to  the 
various  circumstances  of  the  powers,  relations,  and  combina- 
tions of  the  unknown  quantities  which  enter  into  them. 

A  Literal  Equation,  is  that  in  which  all  the  quantities,  both 
known  and  unknown,  are  expressed  by  letters,  as  a  x*  +  6x  :=  c. 

A  Numeral  Equation,  is  that  in  which  the  oo-eflBcieots  of  the 
unknown  quantity  and  absolute  terms  are  given  numbers,  as 
6ar»  -h  7x  =  16,  «»  —  lox  —  1  =  0,  &c. 

A  Simple  Equation,  is  that  in  which  tlie  unknown  quantity 
enters  only  in  the  first  degree,  as7x^  36,  ar  +  &x=i  c. 
Sax  +  bbx  =:  119,  &c. ;  and  these  are  always  better  ex- 
pressed by  putting  all  the  co-efficients  under  a  parenthesis, 
with  the  unknown  quantity  outside,  thus  (a  +  6)x  =:  c,  (da 
-f  56^x  =  119,  &c. 

A  Quadratic  Equation,  is  that  which  the  unknown  quantity 
enters  into  the  second  degree,  as  a  x'  ^  b,  a±*  -{-  bx:^c,  &c. 

Note,  When  only  the  second  power  enters,  as  a  x*  ^  6,  it  is 
called  a  Simple  Quadratic ;  and  when  the  second  and  first  both 
occur  in  the  same  equation,  it  is  called  an  Ae^ected  Quadratic ; 
such  are  the  equations  ax*  +  6x^  c,  x*-t-  a  "=,  bx,  &c. 

A  Cubic  Equation,  is  that  in  which  the  third  power  of  the 
unknown  quantity  enters,  as  xi^  -^^  at*  +  6x  =  c,  x'^-  ax 
zz  b,  ax*  zz  c,  &c.  The  latter  of  which  is  called  a  Simple 
Cubic. 

A  Biquadratic  Equation,  is  that  in  which  the  fourth  power 
of  the  unknown  quantity  enters,  asax«  +  6x*+  cx*  +  dx 
zz  e;  and  when  only  the  fourth  power  enters,  it  is  called  a 
Simple  Biquadratic. 

Reduction  of  Equations,  is  of  two  kinds,  viz.  first,  the  reduc- 
tion of  them  from  a  higher  to  a  lower  dimension ;  and,  second, 
the  reduction  of  them  to  some  particular  form,  to  prepare  them 
for  solution.  The  former  of  these  cases  is  more  commonly 
called  the  Dejfnression  of  Equations,  which  see ;  and  the  latter 
usually  consists  in  exterminating  the  second  term  of  the  equa- 
tion, this  being  the  most  eligible  form  for  solution.  Some 
authors  also  use  the  term  Reduction  of  Equations,  for  what  is 
more  usually  and  properly  called  the  Solution  of  Equatioiu, 

Solution  of  Equations,  is  the  method  of  finding  their  roots, 
which,  however,  can  only  be  done  in  a  direct  manner,  for  the 
first  four  degrees,  tnz.  in  Simple,  Quadratic,  Cubic,  and  Biquad- 
ratic Equations ;  and  the  several  methods  of  procedure,  in  each 
of  these,  is  given  under  the  annexed  examples.  Equations 
that  exceed  the  fourth  degree  cannot  be  solved  by  any  direct 
rule,  (except  in  a  few  partial  cases,  in  which  there  are  certain 
relations  either  between  the  roots  or  co-efficients,)  although  the 
subject  has  been  investigated  by  many  of  the  ablest  analysts 
of  Europe.  We  have,  ^therefore,  no  means  of  .obtaining  the 
roots  in  those  cases,  but  by  approximation. 

Questions  which  involve  Equations  containing  only  One  unknown 
Quantity, —Question  1.  There  are  two  numbers  whose  differ- 
ence is  12,  and  their  sum  20;  what  arc  the  numbers? 

As  their  differenee  is  12,  the  greater  number  must  evidently 
exceed  the  less  number  by  12. 

Solu,  Let  X  =  the  less  number;  then  x  -f-  12  will  be  the 
greater.  But  by  the  equation,  the  sum  of  the  two  numbers  is 
dO ;  or,  the  greater  -f-  the  less  number  =  20. 


Hence,  by  addition,  (x  -f  12)  +  x  =:  9D. 

That  is,  2x  +  x       ,.  =20. 

therefore,       2x  =20— 13=:& 

8 
and  X  =:   ^  :=  4  the  Uu  Na 

Hence  the  greater  number  =  x  4-  12  =:  4  +  12  =:  161 

Question  2.  There  are  two  numbers  whose  difference  is  9. 
and  if  three  times  the  greater  be  added  to  five  times  the  Uss,  the 
sum  will  be  35 ;  what  are  those  two  numbers  ? 

Solu.    Let  X  :=  the  less;  then  x  H-  9  =  the  greater  number. 

And  3  times  the  greater  zz  3  x  x  -f  9  =:  3  x  -f  27. 

5  times  the  less        zz  5  x  x        9:=5x. 

But,  by  the  condition  of  the  question,  3  times  the  greater  + 

5  times  the  less  number  :=  3d. 

Hence,  by  addition,  (3x-f27)-f-5x=35; 

Thatis,  8x-h  27  =  36,  or  8x  =  36  ~  27  =  8; 

8 
/.  X  =z  ~  ^  1  =:  the  less  nninber ; 

and  x-f-9=:l  +9zi  10  the  greater  number. 

Questtofi  3.  What  number  is  that,  to  which  if  we  add  10^ 
three-fifths  of  the  sum  shall  be  66  ? 

Solu,  Let  X  =:  the  number  sought,  then  x  -|-  10  =:  the  noM- 
her  -f-  10.  

V       \u     c      ,   ^^      ^       7.      3XX-I-10       ax+ai 

Now,  -ths  of  X  -f-  10  =  ^  X  X  -f.  10  = ^ =  — J 


But,  by  the  question,  -♦hs  of  x  H-  10  =  66. 


Hence,  by  substitution. 


3x  -f-  30   _ 


=  66. 


Multiplying  by  5,  we  have  3  x  -f-  30  =  330 ; 

300 
/.  3x  =  330—  30=  300,andx=  -3-=  100=  the requiiedNo. 

Question  4.    What  is  the  number  which,  being  multipfiefl 

by  6,  the  product  increased  by  36,  and  that  sum  divided  bj  18, 

the  quotient  shall  be  20? 

Sola,    Let  x  =  the  number  sought. 

Then  6  x  =  the  number  multiplied  by  6. 

Also  6x  -f-  36  =  the  product  increased  by  36, 

,    ^  6x  -f-  36 

And  jg =  that  sum  divided  by  18. 


Hence,  by  the  question, 


6x  H-  36 

18 


=  20. 


And  6x  -f  36  =  360,  multiplying  by  18. 
or6x=  360—  36=  324; 
324 


z  ^z 


6 


=  64,  the  number  required,* 


Question  6.  A  post  is  one-fifth  in  the  earth,  three-seveotki 
in  water,  and  13  feet  out  of  water ;  what  is  the  length  o(  tbe 
post  ? 

Solu.    Let  X  =  the  length  of  the  post ; 

X 

Then    -  =  the  part  of  it  in  the  earth ; 

3x 
Also  -r-  =  the  part  of  it  in  the  water ; 

And    13  =  the  part  of  it  out'of  the  water ; 

But  the  part  in  earth  -f-  part  in  water,  -f  part  out  of  waters 
tbe  whole  post 

Therefore  5    +  "y  +   13  =  x. 

16  X 
Multiply  by  6,  then  x  -f  -y-  -f-    66  =  6xr 

by  7,  and  7x  -f-   16  x  +466=36x; 

or  466  =  36x— 7x— l&r=:l^ 

466 
Hence  x  =  -j^^  =  36  feet,  the  length  of  the  post 

€luestion  6.    Having  paid  away  one-fourth  and  one-seveDtb 


tqur 


monarBAW  op 


HKAb  KftlWIb 


KQO 


» I  lad  ti|(ht3r-<ivt  fmd§  Ml  in  ny  Ki^v;  ^^^ 
vat  in  it  prewaaatj  ta  Umbo  diabirinrnataf 

Ljt  zz  the  moofij  io  puna  at  fial;  thmi  4  +  y 
paid  away. 

)  question,  x  =  -  +  y  -f  85;  moltfplj  bj  2% 

f8r  z:  7x  +  4r  +  S380»  or  17  x  =r  »»; 
=  — :^     =  £l4atfaeBMMyatfiratiDmypavtt. 

i,  or  Qmttimm,  in? o1?iog  qvadratio  omntiona,  are 
e  sane  process  as  tkat  fbr  tbe  solution  of  tHose 
fcin  simple  eqaatioas.  But  as  every  qnadratio 
ilakis  two  values  of  the  ankaown  qoaatlty,  qoea- 
elass  may  admit  of  a  double  solotloD.  And  as  the 
ilore  of  the  question  must  determino  whether  one  or 
i  values  may  apply  to  it,  uo  general  rule  can  be  laid 
ay  the  processes  of  solution  of  problems  inTolving: 
[nations  be  suflkiently  understood  by  observing  tbe 
deduced  from  tbe  following  eaamplee. 

U  To  find  that  number  to  which,  if  yon  add  13, 
r  the  sum  by  the  number  reqoirad*  the  product  slMdl 

t  X  n  tbe  number  sought ; 

:X)  X  n:  Citiii,  or  x^  -h  l*ix  =  6H0  by  the  question. 
le  square,  or  add  to  each  side  of  the  equation  the 
If  the  co-eifirient  of  the  seoond  Cerai,  awi  we  ha?e 
36  =  G-i^ ;  hence,  ^ 

oot,andwegetx+  «  =  >/(«&  =  2ft; 

,  X  =  26  —  0  =:!{>»  the  number  sought 

L  To  divide  the  number  66  into  two  anch  parts, 
oduct  shall  be  (MO. 

t  X  =  <m€  part ;  then  66  —  x  =  the  oiktr  patt ; 
iO  -*  7)  z;  the  product  of  the  two  parts. 
X   (66  —  x)  =  640,  or  Mx  —  x*  =  640  by  the 
•  zi  —  66  X  =  —  640 ;  henco 
sg  the  square,  x«  —  66x±784=784—  640=  144 ; 

ftee.  X  ^  as  =:  4-  ^144  ==  ±  12; 

oontly,  X  =  28  ±  12  =  40  or  16. 

e  r«»9  ▼  aloes  of  tbe  unknown  quantiiy  are,  In  this 

10  twv  parts  into  which  tbe  given  number  nms 

be  divided. 

U  Let  tlic  difference  of  two  nvmbers  be  7,  and 
roduct  plus  30  be  equal  to  the  aqvnro  of  tfie  /cm 
is  required  to  find  those  two  numbers : 

t  X  =  the  Ic^ss,  then  x  -|-  7  =:  tbe  greater  nnmber, 
±-J  4.  30  =:  half  their  product  pUu  30. 


+  7) 


+  30  :z  X*  (square  of  the  ius)  or 


x»  4.  7x 


tbe  question. 

BOW  bv  2,  and  x»  -J-  7x  +  60  —  2x». 
positioQ,  x"*  —  7x  =:  6U;  hence 

411  40         260 

ng  the  square  x«—  7x-h  —  =60  +  -j-  ~  «2: ; 


I.« 


7  /2»"       .    ^7 


2 

17 


r:  12,  or  —  6  =  ie$f  part ; 


=  12  -(-  7,or—  6-I-7IZ  10,or2=  the ^rcc/rr part 

lis  problem,  we  see,  admits  of  a  double  solution ; 
IS  and  lU  or  —  6  and  2  bo  taken  as  the  correspond* 
premier  parts,  tbr  conditions  of  tiie  qaestkui  aro 
f  eaoh  pair  of  numbers. 

MMtfaodiflerenooof  12aiid  10 in  7. 

That  of  —  6  and    2 it  7« 


BairpiQdMtoil2Midl9  4*30<f  ^^^~^  ^  90=  IU=. 


lai 


^lAsltA. 


Tint  of ->  6  and  2  +  96  = 


-  r-5  X  2> 


2 


+   66  =: 


=  —  "^  =  a^Morf  of  the  iem. 


ExmmpU  4.  To  divide  tbo  number  30  into  Iwosneh  parts  Aat 
tllrir  prodnot  may  be  oqnml  to  eight  tiuMs  tbeilr  differanoe. 
SWu.  Let  X  ==  the  leu ;  then  30  —  x  =  the  prettier  part. 
And  30  -*  X  —  X,  or30  — >  2x  =  their  diffoMnet. 
Hence,  x  x   (30  —  x)  =  8  (30  —  2  x),  by  tbe  qoestioD, 
or,  whien  is  the  same,  90x  —  x«  :=  tMO  —  16  x. 
Or,  by  transposition,  x«  —  46x  =  —  940. 
Complete  tbe  square,  and  X*  —  46  X  +  621^  ==  (106— dlO=;9W, 
Thereiwe,  X  —  23  =  ±  v^  280  =:  ±  17, 
Wbenoo,  x:=23±.l7=:40or6=:/4N(t  port 
And30  — x=r30—40or30  — 6=—  IOorM=fr«BSsr  |iartb 
Hero  tbe  eqoatioo  gives  for  tbe  less  part  40  and  6 ;  hoi  aa  46 


cannot  poasiblj  be  a  part  of  30^  vre  take  6  for  tbo  I 
which  allows  24  fbr  tbe  greater ;  and  tlw  two  nnalMBi  91 
6  answer  tbe  conditions  of  tbe  question* 

Ermmpie  6.  A  merchant  bought  dotli  for  £36.  16ft  whiab  bo 
sold  ngmin  at  £2.  8s.  per  piece,  and  pined  by  tbe  bnrgnin  ■■ 
much  as  one  pieee  cost  him :  what  did  he  gain  by  tbo  baagal*? 

Solu.  Let  X  =  the  mmin^  of  pieaes. 

675 
Then  —  =:  the  number  of  «ilt/ii»^«  whieb  eaeb  piece  cost ; 

X 

and  48x  =z  the  number  of  shillings  which  be  sold  the  whole  for. 

Therefore  48  x  —  676  =:  vrliat  he  gained  by  the  bargain. 

675 
B«t48x  -«>  676  = >  by  the  qonstion. 


TS"  '  ^    ku  '  ^y  tranapositioB  and  diviilo& 


and  x»  — 


Tbeaoonp.  tboaqr.  and  J>— t.  1^-7=57=1^  +TSir= 


16 


1024"'  16^  1094       lOtfr' 


Theraforn  x  — 


And  X  s 


_    ±255  +  225 


39 


=  15or 


—  30 


fint  it  iaobvloQs  tlio  nomtier  raqnliwd  is  16,  beeanao  tlm 
ditiooa  oCthe  qnoation  niw  anch  that  tliefo  cannot  bo  n 
or/VwHisnaf  nnasber  of  pieeeOi 

Exmmple  6.  A  and  B  set  off*  at  tbe  mnme  fiaw  to  a  plaec  at 
the  distance  of  160  miles  from  that  which  they  left;  A  travels 
3  miles  an  bour/a#(rr  than  B,  and  arrives  at  his  ioomey's  cod 
8  hours  20  minutes  he/ore  him :  it  is  required  Io  find  wliat  rate 
each  person  travelled  per  hour. 

Solu.  Let  X  =z  the  rmtt  per  hour  at  which  B  travels. 

Then  x  +  3  =:  tbe  rmie  per  boor  at  which  A  travels. 

160 
And    —  =  tbe  wniwlii'  of  boora  fbr  which  B  trwdft. 


Also 


160 


x+3 


=  tbo 


of  bonra  lot  wbiahi  A  tnvala. 


Bdt  A  arrives  8  hours  20  minatea  (8i  boors)  soonor  at  bis 
Journey's  end  than  B ; 

a  ^^   .    <i.         1^  160        26         225 

Hence  ;^+  84  ^-^^.^-^  +  T  =  T* 

Bot,  hf  roduelion,  wogat  x«  +  3x  r:  64. 

AadwwafiWiiingthoaqnnrax*  +ax  +  -  =  64  4-  j-='  -4-5 

a 


Theielbfft,  x  +   -:=y-j-  —  — 

i.  15  —  3 
And  X  z:      — =  6or  — anIleaaBbonrtbr  B. 


Wbenoo  «  +  3  =:  0  or  —  6  ailit  aa  bow  fbr  iL 
4a 


DICnONAKT  or  HKDHAKIOAL  ICISNCB.' 


to  ■  plaM  b«  reckoned  001 
malt  be  reckoned  negative:  Bat  A  and  BareraovinK  to  kyiveo 
place,  tberefore  the  potilivt  oombera  6  and  I  are  taken  for  the 
reipecti*e  rates  per  bonr  of  A,  and  B. 

EMtmpU  6.    It  is  required  to  divide  the  number  14  into  two 
anofa  part*  that  tbeir  prodaet  shall  be  60. 

SoU.    Let  X  =  one  part;  then  14  —  z  =  the otber part ; 
Hence,  by  the  queiiion,  x  x  (13  —  *)  =  60,  ot  14i  —  *•  =  W  j 
Therefore,  i«  —  I4x  ==  —  80. 
ABdx«—  l4x+49=:— (»  +  4e  =  — l,«ri  — 7  =  ± 
V-l{ 


Therefore,  «  =  7  +  s/  —  1. 

Bntbolh  the  Talaea  ofx  are  impoiiible,  beoaaie  the  qnestioD 
itself  is  impracticable. 

B4U1TI0K  ofPnyninitf,  Id  Arithmetio,  is  the  finding  the  time 
to  pay  at  once  several  dehts  doe  at  different  times,  and  bear- 
ing  DO  interest  ttll  after  the  time  of  paymeiit,  so  that  no  loss 
Jliall  be  SQitained  by  either  party.  The  rule  oommonly  gi^en 
fbr  this  purpose  is  as  follows ; — Mnltipljr  each  sam  by  the  time 
at  which  it  is  dne ;  then  divide  tbe  sum  of  the  prodaotf  by  the 
mm  of  the  payments,  and  the  qtiodent  will  be  tbe  lime  required. 

Thus,  for  example,  A  owes  B  £  190,  to  be  paid  as  follows ; 
MS.  £60  at  6  months.  £60  at  7  months,  and  £90  at  10  months, 
what  is  the  equated  lime  at  which  the  whole  oaght  to  be  paid, 
tiMtnoloss  may  arise  either  to  debtor  or  creditor  r 
By  the  rule. 
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This  rate,  howerer,  ii  foonded  on  a  sapposition,  that  the 
interest  of  tbe  several  debts  which  are  payable  before  the 
cqnated  lime,  from  their  terms  to  that  time,  onsht  lo  be  equal 
to  the  snm  of  the  interests  of  the  debts  payable  after  the 
eqnated  time,  from  that  time  to  their  terms  respeotively,  which, 
however,  is  not  correct,  as  it  is  only  the  discoont,  and  not  the 
interest  in  the  latter  sums.  In  most  eaiei,  however,  that 
oeoor  in  business,  the  error  ii  so  trifling,  that  the  popular  rule 
will  probably  always  be  made  use  of,  as  being  by  far  the  most 
eligible  and  eipediiioas  method  that  we  could  suggest. 

EftutTioN,  in  Astronomy,  is  a  term  used  to  expresi  the  oor- 
reolion  or  qnautity  to  be  added  to,  or  subtracted  from,  the 
niean  position  of  a  heavenly  body,  to  obtain  the  true  position ; 
it  also,  in  a  more  general  sense,  implies  the  correction  arising 
from  any  erroneous  supposition  whatever.  Thus,  for  instance, 
the  time  of  noon,  as  determined  by  taking  equal  altitndes  of  the 
ran,  is  first  obtained  by  supposing  the  son's  declination  con* 
stant  during  the  whole  interval,  which  false  supposition  is 
oorrectrd  by  an  appTOpriate  equation. 

Equation  of  Tim*,  to  Astronomy,  denotes  the  differenee  be- 
tween mean  and  apparent  time,  or  the  reduction  of  the  appa- 
lent  unequal  time,  or  motion  of  tbe  son  or  a  planet,  to  oqoable 
and  mean  time,  or  motion. 

.>,If  the  earib  bad  only  a  diurnal  motion,  vrithout  an  annual, 
any  given  meridian  would  revolve  from  the  son  to  the  sun 
again ;  in  the  same  space  of  time  as  from  any  star  to  the  same 
■tar  again,  because  the  sun  would  never  change  hia  place  with 
respeet  to  the  stars.  But  as  the  earth  advances  alroosta  degree 
eastward  in  its  orbit  in  the  tiroc  that  it  turos  eastward  round 
its  axis,  whatever  star  passes  over  the  meridian  on  any  day 
with  the  sun,  will  pass  over  the  same  meridian  on  the  next  day 
when  the  sun  is  almost  a  decree  short  of  it,  that  is.  3  minnles 
66  seconds  sooner.  If  the  year  con laiocd  only  360  days,  as  the 
«olipticdoesa60degrees,  tbe  sun's  apparent  place,  so  far  as  his 
motion  is  equable,  wonld  change  a  degree  every  day,  and  then 
the  udereal  days  would  be  4  mioutes  shorter  than  the  solar. 
The  mean  and  apparent  solar  days  are  never  eqnal,  except 
when  the  sun's  daily  motion  la  rifcht  ascension  is  Off' ;  which  is 
nearly  the  case  about  the  15th  of  April,  the  lOlh  of  Jane,  the 
lat  of  September,  and  34lb  of  December,  when  the  equator  is 
tf ,  or  nearly  so ;  aod  It  is  at  its  greatest  aboat  the  tst  of 
Hsvembw,  when  it  is  Iff  14'. 


It  is  called  tbe  equator,  because  when  the  snn  ia  in  tUs  cirde 
tbe  days  aod  nights  are  equal  in  all  parts  of  tbeworld.  Wheaw 
also  it  is  called  Equinoctial ;  and  when  drawn  on  naps  and 
planispheres,  it  is  called  the  Equinoctial  Line,  or  alaiply  tte 
Lin*,  And  since  every  point  of  the  equator  is  equally  distaat 
from  the  poles  of  the  world,  it  follows  that  the  eqnatof  dividea 
the  sphere  into  two  eqnal  hemispheres ;  that  towards  the  oofth 
pole  being  called  the  northern,  and  the  other  tbe  aoofbern  hemi- 
sphere. As  eqnal  or  mean  time  Is  estimated  by  the  paaiage  of 
arcs  of  the  equator  over  the  meridian,  it  fi'eqiieotly  becMcs 
neoessary  to  convert  parts  of  the  equator  into  time,  and  the 
converse,  which  is  performed  by  tbe  fotlowinr  analogy,  tit. 
As  19^  :  I  bonr  : :  any  arc  of  the  equator  :  the  time  ft  baa 
been  in  passing.  Or,  oouTcrsety,  1  hour  :  16^  : :  any  givea 
time  ;  tbe  are  of  the  equator.— From  tbia  cirolo  are  feefcinad 
the  latitude  of  places,  both  north  and  south,  in  degrees  of  the 
meridian. 

EQUATORIAL,  Universal,  or  Portable  Ohmrtrntary,  it 
an  instrument  intended  to  answer  a  number  of  nsefdl  pnrposes 
in  practical  astronomy,  independent  of  any  particular  emwr- 
vatory.  It  may  be  employed  in  any  steady  room  or  place,  and 
it  performs  most  of  the  useful  problems  in  the  actenee,  as 
represented  in  the  figure. 

The  principal  parts  of  (bis 
instromeot  are.  1.  The  aiinatt 
or  horiiontal  circle,  E  F,  wUel 
represents  the  horicon  of  Ot 
place,  and  moves  on  a  long  axil 
Q,  called  the  vertical  axis.  1 
The  equatorial,  or  honr^jrek, 
representing  M  N  the  equator, 
placed  at  right  angles  (o  tk 
polar  axis,  A B,  or  the  aiiaof  tlie 
earth  upon  which  it  moves.  1 
The  semicircle  J)  .ofdeclinatiaa 
on  which  the  telescope,  PO,  it 
placed,  and  moviog  on  the  an 
of  declination,  or  the  axis  ef 
motion  of  the  line  of  collimatioa. 
Tbe  pins  or  screws  I,  O,  H, 
are  nsed  to  adjust  tbe  instra- 
ment,  and  place  it  perfedly 
level  by  the  spirit  lev^  L,  L, 
which  transverse  at  rigkt 
angles. 

The  pecnHar  nsea  of  ftii 
equatorial  are,  I.  To  find  tha 
meridian  by  one  observatloi 
only.  For  Ibis  purpose,  elevate  the  eqnatorial  circle  to 
the  co-latitude  of  tbe  place,  and  set  tbe  declination-aemicirdt 
to  the  sun's  declinatiim  for  the  day  and  hour  of  the  day  t«- 
quired  ;  then  move  the  azimuth  and  hour-circles  both  at  tbe 
same  time,  either  io  the  same  or  contrary  direction,  un  y«a 
bring  the  centre  of  tbe  cross  hairs  in  the  telescope  exactly  to 
cover  the  centre  of  the  sun ;  when  that  is  done,  the  index  of 
the  hour-circle  will  give  the  apparent  or  solar  time  at  the  install 
of  observation  ;  and  thus  the  lime  is  gained,  though  the  ano  bt 
at  a  distance  from  the  meridian ;  then  turn  the  hoar-circle  till 
the  index  paints  precisely  at  twelve  o'clock,  and  lower  tb* 
telescope  to  the  horizon,  in  order  to  observe  some  point  there 
in  tbe  centre  of  the  glass,  and  that  point  ia  tlio  mendian  mark 
found  by  one  observation  only ;  the  best  time  for  this  operatiea 
is  three  hours  before  or  three  hours  after  twelve  at  noon. 

2.  Point  the  telescope  on  a  star,  thongb  not  on  the  mertdiaa, 
in  full  day-light.  Having  elevated  the  equatorial  circle  to  liM 
co-latiinde  of  the  place,  and  set  the  deciination-semicirele  ta 
the  star's  declination,  move  the  index  of  the  hour-otrole  till  it 
shall  point  to  tho  precise  time  at  which  the  star  is  then  distaat 
from  the  meridian,  fonnd  in  tables  of  the  right  ascension  of  tbe 
stars,  and  the  star  will  then  appear  in  tbe  glass,  Bestdea  these 
UK*  peculiar  to  this  instroraent,  It  is  also  applicable  to  all  tha 
purposes  lo  which  the  principal  astronomical  instmnonls,  ns. 
a  transit,  a  quadrant,  and  an  eqnal  altitude  inatniment,  are 
applied. 
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BQUERRT*  io  the  British  coaloma,  an  officer  of  atote, 
mder  the  aaaater  of  the  horse.  There  are  five  eqaerries,  who 
lide  abroad  with  his  majesty;  for  which  purpose  they  pve 
Ibeir  attendance  monthly,  one  at  a  time,  and  are  allowed  a 
table. 

EQUES  AuRATrs,  is  nsed  for  a  knight  bachelor,  called 
tmrmiut,  q.  d.  jfilt,  because  anciently  none  bot  knights  were 
allowed  to  beaotify  their  armoar,  or  other  habiliments  of  war, 
with  gold. 

EQUESTRIAN,  a  term  chiefly  used  in  the  phrase  e^u€sirimn 
staliM.  which  signifies  a  person  monnted  on  horseback. 

EQUIANGULAR,  in  Geometry,  is  applied  to  figures  whose 
angles  are  all  e<|ual ;  such  arc  the  squire,  and  all  regular 
i^res.  All  equilateral  triangles  are  also  equiangular.  An 
equilateral  figure,  inscribed  in  a  circle,  is  always  equiangular  : 
bat  an  equiangular  figure,  inscribed  in  a  circle,  is  nut  always 
equilateral,  except  when  it  has  an  odd  number  of  sides.  If 
the  number  of  the  sides  be  even,  then  they  may  be  either  all 
equal,  or  else  half  of  them  will  always  be  equal  to  each  other, 
aad  the  other  half  to  each  other;  the  equals  being  placed 
alternately. 

Eqi'iakoular,  is  also  applied  to  any  two  figures  of  the  same 
kind,  when  each  angle  of  the  one  is  equal  to  a  corresponding 
angle  in  the  other,  whether  each  figure,  separately  considered, 
he  an  equiangular  figure  or  not ;  that  is,  having  all  its  angles 
equal  to  each  other.  Thus,  two  triangles  are  equiangular  to 
each  other,  if  one  angle  in  each  be  of  30^,  a  second  angle  in  each 
of  60^,  and  the  third  angle  of  each  equal  to  lOU^.  Equiangular 
triangles,  according  to  the  above  acceptation  of  the  term,  have 
not  their  like  sides  necessarily  equal,  but  proportional  to  each 
other ;  and  such  triangles  are  always  similar  to  each  other. 

EQUICRURAL  Trungle,  is  what  we  more  usually  call  an 
isosceles  triangle.  The  term  is  derived  from  ff^aiu,  equal,  and 
cmm,  legs,  etptml  leas. 

EQUICULUS,  KQia'LF.rs,  or  Eoui's  Minor,  in  Astronomy, 
a  eonstellation  in  the  northern  hemi.Hphere. 

EQUIOIFFERENT,  in  Arithmetic,  is  when,  in  a  scries  of 
qnantities.  there  is  the  same  difierrnce  between  the  first  and 
second,  as  between  the  second  and  third,  third  and  fourth,  &c. 
aad  they  arc  then  said  to  be  continually  equidifTerent ;  but  if, 
ia  a  series  of  quantities  there  be  only  the  same  difference 
between  the  first  and  second,  as  between  the  third  and  fourth, 
fifth  aud  sixth,  &c. ;  then  they  are  said  to  be  discreetly  equi- 
diferent.  Thus  3,  0,  7,  and  10,  are  discreetly  equiditferent ; 
aad  3,  6.  and  9  continually  equidiffereot. 

EQI-IDISTANT,  in  Geometry,  a  term  of  relation  between 
two  things  which  arc  every  where  at  the  same,  or  at  equal 
distances,  from  each  other. 

EQi-iDisTA^iT  OrdiHMifs,  Method  of,  is  an    approximation 

towards  the  area  of  a  figure  bounded  by  a  right  line  and  curve. 

Having  measured  any  odd  number  of  equidistant  ordinates, 

pat  the  sum  of  the  fir.«K  and  last  z:  A,  the  sum  of  the  second, 

Ibarth,  sixth.  &c.  =  B,  the  sum  of  all  the  others  zz  C,  and  the 

A  4-  4B  -f  2C 
eooimon  distance  of  the  ordinates  r:  D ;  then « 

X  D  =  area  nearly.  And  the  same  formula  is  applicable  to 
the  mensuration  of  solids,  by  taking  the  sections  instead  of  the 
ordinates. 

EQUILATERAL,  (from  a^quui  and  laius,  side,)  is  applied  to 
figures  whose  sides  are  all  equal.  Thus,  an  equilateral 
triangle  i!*i  that  whose  sides  are  all  equal.  To  find  the  area  of 
aa  equilateral  triangle,  multiply  the  square  of  the  side  by  i  >/  3. 

EQUILIBRIUM  EotiPoiitV.D,  in  Mechanics,  means  an 
cqaality  of  forces  acting  in  opposite  directions',  whereby  the 
body  acted  up(»n  remains  at  rest,  or  in  etfuilihrio,  in  which 
alate  the  least  additional  force  being  applied,  on  either  side, 
BOtioo  will  ensue.  A  body  in  motion  is  aUo  said  to  be  in  eqoi- 
Kbrio,  nhen  the  power  producing  the  motion,  and  the  force 
whereby  it  is  resisted,  are  so  adjusted  that  the  motion  may  be 
aalforro. 

EQUIMULTIPLES,  the  products  arising  from  the  multiple 
ealion  of  any  two  or  more  primitive  quantities,  by  the  tame 
■amber  or  quantity. 
Thus,  3  fl,  3h 

are  equinoltiplea  of  a  and  h* 


3«,  3*^ 
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Eqnimaltipies  of  aay  qaaatities  hate  the  same  ratio  as  Ibo 
quantities  themselves;  thas,  m  :  b  i:  na  :  nb;  and m  :  b  :i 
ma  :  m6. 

EQUINOCTIAL,  in  Astronomy,  a  great  circle  of  the  sphere, 
onder  which  the  equator  moves  in  its  diurnal  motion.  The 
equinoctial  is  conceived,  by  supposing  a  semidiameter  of  the 
sphere  produced  from  a  point  of  the  equator,  and  there,  by  the 
rotation  of  the  sphere  about  its  axis,  describing  a  cirrlr  on  the 
immoveable  surface  of  the  heavens.  The  poles  of  this  circle  are 
the  poles  of  the  world.  The  sphere  is  divided  by  it  into  two 
eqaal  parts,  the  northern  and  sonihern.  It  intersects  the 
horison  of  any  place  in  the  east  and  wciit  points ;  and  at  the 
meridian,  its  elevation  above  the  horizon  is  equal  to  the  co- 
latitude  of  the  place.  Whenever  the  tun,  in  his  progress 
through  the  ecliptic,  conies  to  this  circle,  it  makes  equal  days 
and  nights  in  all  parts  of  the  globe ;  as  be  then  rises  due  east, 
and  sets  dao  west,  which  he  never  does  at  any  other  time  of 
the  year.  And  hence  the  denomination  from  trquus  and  n&x, 
becanse  dmy  mnd  nigki  mrt  equmL  All  the  stars  under  thia 
circle,  or  that  have  no  declination,  rise  due  east,  and  set  duo 
west.  The  equinoctial,  then,  is  the  circle  which  the  sua 
describes,  or  appears  to  describe,  at  the  time  of  the  equinoxes, 
that  is,  when  the  length  of  the  day  is  every  where  equal  to  diat 
of  night,  which  happens  twice  a  year.  From  this  circle  is  the 
declination  in  the  heavens,  or  latitude  of  places  on  the  earth, 
counted  in  degrees  of  the  meridian.  Upon  this  circle  is  reeh- 
oned  the  longitude  \W*  west,  and  180°  east ;  and  in  all  3a(F. 
Hence  P  of  longitude  answers  to  4^  of  time,  16'  to  V  of  time, 
and  r  to  4"  of  time,  &c.  The  shadows  of  those  who  live  under 
this  circle  are  cast  to  the  southward  for  one  half  of  the  year, 
and  to  the  northward  during  the  other  half;  and  twice  in  a 
year,  vir.  at  the  equinoxes,  the  sun  at  noon  casts  no  shadow, 
being  in  their  senith. 

Equinoctial  Colwre,  is  that  passing  through  the  equinoctial 
points.    Sf  CoLURB. 

Equinoctial  DimU  is  one  whose  plane  is  parallel  to  the 
equinoctial.  The  properties  or  principles  of  this  dial  are: 
1.  The  hour  lines  are  all  equally  distant  from  one  another, 
quite  round  the  circumference  of  a  circle  :  and  the  stjle  is  a 
straight  pin,  or  wire,  set  up  in  the  centre  of  the  eirrle,  perpen- 
dicular to  the  plane  of  the  dial.  *2.  The  sun  shines  upon  the 
upper  part  of  this  dial-plane  from  the  *ilst  of  March  to  the  23d 
of  September,  and  upon  tlie  under  part  of  the  plane  the  other 
half  of  the  year. 

Equinoctial  Poialf,  are  the  two  points  wherein  the  equator 
and  ecliptic  intersect  each  other ;  the  one,  being  in  the  first 
point  of  Aries,  is  called  the  vernal  point;  and  the  other,  in  the 
first  point  of  Libra,  the  autumnal  point. 

Equinoctial  6a/e#,  storms  which  are  observed  generally  to 
take  place  about  the  time  of  the  «un's  crossing  the  equator  or 
equinoctial  line,  at  which  time  there  is  equal  day  and  night 
throughout  the  world. 

EQUINOX,  in  Astronomy,  the  time  when  the  sun  enters  one 
of  the  equinoctial  points.  The  equinoxes  happen  when  the 
sun  is  in  the  equinoctial  circle ;  when  of  consequence  the  days 
are  equal  to  the  nights  throughout  the  world,  which  is  the  case 
twice  a  year,  vt>.  about  the  *ilst  of  March  and  the  23d  of  Sep- 
tember ;  the  first  of  which  is  the  vernal,  and  the  second  the 
autumnal  equinox.  It  is  found  by  observation,  that  the  equi- 
noctial points,  and  all  the  other  points  of  the  ecliptic,  are  con- 
tinually moving  backward,  or  westward ;  which  retrogrado 
motion  of  the  equinoctial  points,  is  what  is  called  ihe^ precession 
of  the  equmores.    See  PakccssioN. 

It  appears  from  the  result  of  calculations,  that  the  path  of 
either  of  the  poles  is  a  circle,  the  poles  of  which  coincide  with 
those  of  the  ecliptic,  and  that  the  pole  will  move  along  that 
circle  so  slowly  as  to  accomplish  the  whole  revolution  in  aboat 
26,791  years  nearly.  The  diameter  of  this  circle  is  equal  to 
twice  the  inclination  of  the  ecliptic  to  the  equator,  or  about  47 
degrees.  Now,  as  the  ecliptic  is  a  fixed  circle  in  the  heavens, 
but  the  eouator,  which  must  be  equidistant  from  the  poles, 
moves  with  the  poles,  therefore  the  e<|uator  must  be  constantly 
changing  its  intersection  with  the  ecliptic.  And  from  the  best 
observationi  it  appears,  that  the  eqaator  cots  the  ecliptic 
every  year  50  seconds  -26,  more  to  the  westward,  than  it  did 
the  ) ear  before;  henco  the  aun's  arrival  al  tha  cqaiaoollal 
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B«iii|  f>f#«i^  its  anrhal  «i  tlM»  wm^  &k«4  spot  of  ^  heavens 
9T«€y  yrv  liy  20  WAinill^^  ?ai  Bpopnig  ^f  Iwia,  qr  !iy  im  ar«  of 
60  seconds  *25.  Thus,  by  little  and  by  little,  these  eqaiooclial 
Ih4oU  ymH  OHt  tlie  crUp4o  ippro  iiod  nior«  to  tho  vealward,  till 
^ti9r  26w7$l  jreartf,  they  retaro  to  Uie  aame  point  preoUely. 

:PQUITV»  fiiff^  4r9i^4#,  is  yfenerall j  understood  is  Lav, 
1^  Ufa^r%i  oorreotioii,  or  qaalific^tioo  of  tlio  Iaw,  vhere  it  is  tp« 
•trict,  too  oonfiaed,  or  severe,  ap^  is  sometkaes  applied  wberi% 
Ujr  H^  words  of  9  statute,  a  oiuhi  does  not  fail  within  it,  yet 
t^og  within  the  i^ischief,  the  jadges,  by  Am  equitable  eoBstrve- 
liop,  have  extended  its  application  to  that  case.  Equity  is 
Hn4erstood.  as  a  poireotion  of  the  lnw ;  and  henee,  the  court  of 
choBceryt  ^od  4)^  court  of  exchequer,  act  as  courts  of  equity ; 
tibaj  ore  ^o  courts  of  law.  There  are  some  cases  which 
Oolong,  peculiarly,  to  a  court  of  chancery,  as  the  care  of 
infants,  and.  appointing  guardians  to  thero*  so  of  lunatics  and 
oharities.  in  which  the  chanceUor  acts  for  the  king  as  keeper  of 
his  coascienoe.  In  other  cases,  as  in  the  cases  of  Umst,  matters 
of  fr^dU  account,  suits  for  a  discovery,  matters  of  accident, 
and  the  like,  courts  of  equity  act  in  aid  of  the  courts  of  law, 
oiptd  give  relief  where,  from  the  nature  of  the  ease,  a  court  of 
law  cannot  relieve.  Thus,  where  an  agreement  is  to  be  per* 
fanped,  courts  of  (jsw  can  only  gite  damages  for  the  breach, 
bnt  0  oourt  of  equity,  takiipg  all  the  circumstanees  into  oonsi- 
Ration,  directs  t^nd  ei^joins  a  specific  performance  of  it 
according  to  good  conscience.  80,  where  it  apprehends  an 
i^mry  likely  to  b.e  done,  it  will  injberf^dre  ta  prevent  it 

JSquity  rf  Redemption,  Upon  a  mortgage,  although  the 
fstatn  npon  nonpayment  of  the  money  becomes  vested  in  the 
n^rtgagee,  yet  equity  consider  a  it  only  a  pledge  for  the  mon^, 
jind  gives  the  party  a  right  to  redeeni«  which  is  called  hu 
equity  of  redemption.  If  the  mortgagee  is  desirous  to  hajn  the 
equity  of  redemption,  he  may  oblige  the  tnorligager  eitbMi  to 
pay  the  money,  or  be  foreclosed  of  his  equity,  which  is  done  by 
proceedings  in  chancery  by  bill  of  foreclosure. 

C^QUiJS,  tA«  Horse,  a  gewis  of  the  mammalia,  dase,  of  the 
Older  of  bcllusB 

VQUUUBUS,  Sqoiculus,  and  Equus  Mmor,  th^  lArsB'i 
Uh^  ofl^  of  the  noriherA  constellations,  which  repfesents,  aq- 
covdijifi^  to  the  poets,  the  horse  which  Mereury  gave  lo  Castor, 
and  whioh  he  named  Ce/erir.  From  the  iaiperfect  representation 
0(tho  animal  in  thU  oonateliation,  thehnaa  only  being  imagi«ed^ 
\t»  hM  oJMaAoed.  the  namo  of  Equi  Seotio,  Pegasus,  we  suitpcot^ 
being  a  symbol  that  perpetuates  the  first  emigration  of  the 
Cimrif  Con  the  Liitlt  Horse  be  a  chtonological'symboi  of  the 
aooond  irruption  of  the  north-eastem  nomadio  nationa  into 
Efi^pt  aomowbene  about  2600  years  ago  ?— J?MciMlarte«  «m^ 
Contents,  North  and  west  by  Delphinua,  south  by  Aouanus, 
east  and  north  by  Pegasna;  right  asceniioii  SMP,  dacliMUion 
Oorth  6^.    Number  of  stars,  10. 

EEATOBTHiBNBS,  a  Greek  of  Cyrano,  librarian  of  Max- 
andria,  under  King  Euergetes,  son  of  Ptolemy  Fhiladelphus.  He 
diod  IMyeara.  before  Christ;  and  was  called' the  Cosmogmpher, 
Voeanao  he  was  the  first  who  discovered  th^  method  qf  measuf'^ 
IQf  the  bulk  and  oircumfereaoe  of  the  earth. 

SmCA,  Hsaik,  a  genua  of  the  roonogynia  order,  in  the 
ootandriaolasa  of  planta,  and  in  the  natural  method'  ranking 
aador  the  18th  order,  bicoroes.  There  are  upwards  of  100 
apooies,  four  of  which  are  natives  of  Britain. 

SJUOANUS,  or  Tub  River  Po,  is  a  much  fabled  consteU 
lalion:  but  wa  may  notice  chiefly  the  story  whieh  attributes  its 
«oloatial.l»onouni  to  the  acoidental  ckroumsUnoe  of  Phaeton's 
tumbling  into  it  when  Jove  hurled  the  daring  chariotoor  from 
Iheakies.  In  its  vicinity  the  sisters  of  that  panh  youth  were 
nMtamorphoaed  into  poplars,  and  their  tears  into  amber,  an 
aKtioIe  which,  howeaer,  ia  found  ohioAy  on  the  Baltic  Prussian 
ahocM.  Ifv  howeTcr,  we  refer  the  stream  of  Orion  to  the 
DeUilDt,  the  oonateUatioa  of  that  aame  being  taken  as  a  type  of 
t|ta  dilnvian  Batriareh,— the  River  of  Aquarius,  whioh  Piscis 
^atralis  appears  to  swallow,  may  then  indicate  the  recession 
qf  the  laatcra  from  the  submerged  earth,  and  their  confinement 
within  the  bed  of  the  ocean,  a  fish  beinfr  tbe  blaregfyphic  of' the 
0aaat  deep;— ror  the  Eridanus  may  ha^e  allusion  to  the  same 
oalMtrophe ;  for.  the  termination  of-  tbe  stream  in  the  horiaon 
qdght,  to  the  people  of  Bgvpt,  indlcata  ila  being  swallowed  up 
Iqc  1)yffihop,  the  loaien  hemisphaie,— mt  tfie  ocean. 


The  heundaises  Mid  oestanto  of  Ihla  hMPsaso 

wind  from  Orion  to  Cetos,  and  theaoe  ia  a  aeipatia»  fons  ti 
the  Phoania.  Aoqording  to  the  BritOMie  CaHJogno,  ibore  m 
eighty-four  atam  in  Bridanua,  eta.  one  of  the  lat  HMgwitads^ 
one  of  the  2d,  eij^bt  of  the  3d,  twenty-one  of  the  4th,  &c.  The 
brilUant  called  Atkornm\  of  the  first  magailiide»  haa  1  kK  31 
mL  4  sec.  light^ascMssion  in  Time,  or  in  degreea  of  tlie  Biaa- 
tor,  2&<>  40*,  and  68P  8^  3S^  declination  S. ;  of  eonrae  it  Is  never 
visible  in  our  northern  latitudes.  It  culminates  hatf  an  boar 
before  tfie  chief  star  in  Aries,  or  by  the  feUewing  table  in 
astronomical  time : 
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The  course  of  the  Eridanus  is  easily  traced  ft-om  Jtiye^ia  the 
foot  of  Orion,  and  under  the  Bull  to  Cetns,  and  tbenoe  flk  A 
and  S.  W.,  till  it  is  lost  in  the  horicoa^  or  mere  prapcrty  in  lis 
termination  at  the  Phoenix. 

SRINACEUS,  Msdffehoff,  a  gewia  of  quadrapeda  •§  tbe 
order  of  ieras. 

fiRROR,  in  Law,  signiiea  an  error  fai  plaadiny,  or  iw  tfw 
process ;  and  the  writ  whieh  is  bronght  for  remedy  Heraaf,  ii 
caMed  a  writ  of  error. 

Baaoa,  in  Astronomy,  ia  the  difforenco  hetPweeD*  the  phMW 
of  any  of  the  heavenly  bodies,  aa  detorasitoed  by  eafemtiea 
and  observation.  Thus  the  error  ki  the  lanaa  tablea  ii  the  di^ 
fetence  between  the  place  of  the  moon,  aa  given  Is  the  tMei^ 
and  as  determined  by  observation ;  and  thia  enwr  ia  maifced 
with  the  sign  -h  or— -,  aocording  as  it  is  te  be  adcfod  te  oa  aub- 
tvacted  from  tiie  tabular  result. 

ERUCTATIONS,  in  Medicine,  the  efiaet  of  fertarent  foqdi, 
and  the  oonsequent  crudities. 

ERUPTION,  in  Medicine,  a  sudden  and  eoplooa  exeietios 
of  humours,  and  the  same  with  exanthema,  or  nreakiag  ev^;  as 
the  pustules  of  the  plague,  small-pox,  measles,  km. 

ERYSIPELAS,  in  Medicine,  an  erroptioa  of  a  flery  oraerid 
humour  which  chiefly  attacks  the  flice. 

ESCALADE,  in  War,  a  forioua  attack  of  a  vrall  or  a  raat- 
part ;  carried  on  with  ladders,  to  pass  tbe  ditch  or  meant  Ibe 
rampart,  without  prooeeding  in  form,  breaking  gronfid,orean7- 
ing  on  regular  works  to  secure  the  men. 

ESCAPE,  in  Law,  is  where  n  person  arrested  gains  hh 
liberty  before  be  is  delivered  by  law.  Ssoapea  are  either  is 
civil  or  criminal  eases ;  and  may  be  distingniMied  into  vohw- 
tary  and  negligent;  voluntary,  where  it  is  with  the  eonaea>  ef 
the  keeper ;  negligent,  where  it  is  for  want  of  due  eareb  Ib 
civil  cases,  after  Uie  prisoner  has  been  jiuflfered  volnntaril}  t^ 
escape,  the  sheriff  can  never  after  retake  him,  and  m«i8tantwK 
for  the  debt,  but  the  plaintifi'  may  retake  him  at  any  tinei  lathe 
case  of  a  negligent  escape,  the  sheriff,  nponfreab  purauif^  asy 
retake  the  prisoner,  and  tbe  sherifi*  shall  be  excused  if  hfi  hil 
him  again  before  any  action  is  brought  against  himself  for  the 
escape.  In  criminal  caaest  an  escape  of  a  persoA  anestsd  b 
an  ofl'enoe  against  public  juatica>  and  the  party,  li  paikhihir 
by  fine  and  imprisonment. 

ESCHEAT,  in  Law,  denotes  an  obatrqctloii.  of  th«:oonn  of 
descent*  and  a  conseqoent  determination  of  the  teaara  ^aane 
unforeseen  oontiogenpy ;  in  which  caae«  the  land  aatmaUpia- 
spits  back  to  the  original  grantor,  or  lord  of  the  faoi 

ESCUTCHEON,  iq  Heraldry,  is  doiived  flToia.  tfto  Stack 
ssmssoH,  and  Uiat  from  tbe  Latin.rniiNas  sigai^iiig  tho^iMi 
whereon  coata  of  arms  are  representod* 

E#ouTCHEOK,  tfPrtttnct^  that:  on  wideh  a  maa  eafriaa.hif 
wile's.  Qoat  of  arms ;  being  an  heiroost  and  h»viar  iMO^'^^ 
It  ia-  piaoed  over  the  coat  of  the  haaband. 

^acvTCHtLov,  the  compartment,  in  the  middio  o(  tha*di^ 
stern,  where  her  name  is  written. 

BSOX,  jRtAe,  a  geaoa  of  fiahea  of  the  ovto.  aMksoWes. 
The  common  pike  la  a  native  of  moat,  of  tbe  lakea  anil  swaftf 
rivers  in  Europe,  but  the  largest  are  those  of  Iia|llaadi  wfciih 
are  sometimes  eight  feet  in  length.  The  largest* la.lhis  cona 
try  is  saidi  to.  hawa  weighed  thirtjhive  pounds.  The  hesd  of 
the  pike  is  flat;  the  upper  jaw  broad,  aad  ahorter  than  tbe 
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.he  teelh  are  very  sharp,  and  the  number,  not  lesi  than 
uiidri^l,  without  reckoninf^  those  nearest  the  throat:  it 
lo  be  observed,  that  thoae  which  are  situated  on  the 
B  alteriintoly  fixed  and  moveable ;  the  f  ape  is  very  wide, 
eyc5  small.  The  usual  colour  of  this  fish  is  a  pale 
ay,  deepest  on  the  back,  and  marked  on  the  sides  by 
ih  spots :  the  abdomen  is  white,  spotted  with  black, 
i  LIE  US,  rows  of  trees  planted  about  a  icarden,  and 
up  regularly  to  a  lattice  of  wood-work  in  a  closa  hedge, 
defnire  of  tender  plants. 

LAN  A  I)  K,  in  Fortification,  the  sloping  of  the  parapet  of 
fred  way  towards  the  ehampaifrn ;  the  same  with  glacis. 
LEES,  in  Law,  the  general  products  which  lands  yield, 
»rofit  or  commodity  which  is  to  be  taken  or  made  of  a 

UIRE,  anciently  the  person  that  attended  a  knight  in 
c  of  war,  and  carried  his  shield.  Those  to  whom  the 
esquire  is  now  of  right  due,  are  all  noblemen's  younger 
ind  the  eldest  sons  of  such  younger  sons ;  the  eldest 
Lnichts.  and  their  eldest  sons ;  the  officers  of  the  king's 
and  of  his  household ;  counsellors  at  law,  justices  of 
ce,  &r.,  though  those  latter  arc  only  esquires  in  rcputa- 
•esidrs.  a  justice  of  the  peace  holds  this  title  no  longer 
!  is  in  eoni mission,  in  case  lie  is  not  otherwise  qualified 
it :  hut  a  sheriff  of  a  county,  who  is  a  superior  officer, 
the  title  of  esquire  during  life,  in  consequence  of  the 
Kc  reposed  in  him  :  the  heads  of  some  ancient  families 
uirct  li>'  pre!teription. 

IkNCK.  iu  Philosophy,  the  particular  nature  of  each 
ftr  kitiil.  and  that  which  distinguishes  it  from  all  others. 
ENTIAL  Salt  of  Lkm(»ns.  Four  ounces  of  cream  of 
•im)  ci^ht  ounces  of  sal  acelosell« ;  well  mixed  together. 
JIN.  ill  Law,  an  excuse  for  a  person  summoned  to 
and  answer  to  an  action,  on  aecount  of  sickness  or 
jst  eause  of  ab.senre. 

IS  />/fi/,  the  first  day  of  every  term,  though  the  fourth 
er  is  also  allowed  by  way  of  indulgence. 
ATE,  in  Law,  signifies  such  inheritance,  freehold,  term 
irs,  tmantcy  by  statute-merchant,  staple,  elegit,  or  the 
I  ary>-  man  has  in  lands  and  tenements.    Estates  are 
laud<,  tenements,  &ic.,  or  personal,  of  goods  or  chattels ; 
ise  distinguished  into  freeholds  that  descend  to  the  heir, 
ittels  whieh  go  to  the  executors. 
IV A  L.  helonf(iag  to,  or  continuing  for,  the  summer. 
DPI' EL,  in  Law,  an  impediment  or  bar  to  an  action, 
irises  from  a  person's  o«*n  act ;  or  where  he  is  forbidden 
to  speak  ai^ainst  his  deed,  which  he  may  not  do,  even 
d  the  truth. 

UVERS,  in  Law,  a  liberty  of  taking  necessary  wood  for 
or  furniture  of  a  house  or  farm. 

K\YS  (\i»  WAIFS.  Estrays  are  any  valuable  beasts, 
d,  fuund  ulthin  n  lordship  whose  owner  is  not  known; 
I  are  eonimonl)  impounded  aud  not  claimed.  They  are 
be  proelaimed  in  the  church  and  two  nearest  market- 
on  two  market-days,  and  not  lieing  claimed  by  the 
lielong  to  the  king,  and  now  commonly,  by  grant  of  the 
to  the  lortl  of  the  manor,  or  the  liberty. — Waifs  are 
«hiah  are  sttden,  and  waved,  or  left  by  the  felon  on  his 
kursued.  for  fear  of  being  apprehended  ;  and  forfeited  to 
;;  ur  Inrd  of  the  manor. 

RKAT,  in  Law,  is  a  true  copy  or  note  of  some  original 
:  f»n  record. 

HlNtj.one  species  of  engrnving  on  copper,  the  lines 
orrodrd  in  with  aqua  fortis,  instead  of  beinc:  eut  with  a 
,  whieh,  f«>r  many  purposes,  is  stiperior  to  engraving: 
*re  are  others  in  uhieh  the  subjects  must  l»e  graved,  not 
In  cmeral.  in  ciurravinscs  on  e«>p|>er  executed  in  the 
mannc-r.  etching  and  i:rn\ing  are  combined  :  the  plate  is 
by  cti-bing,  aud  f'liiishrd  with  the  graver.  Landscapes, 
cturr,  and  machinery.  reeei\p  most  assistanrr  from 
^  whieh  is  not  so  applirnlile  to  portraits  and  historiual 
I,  thouf(h  in  these  also  it  has  a  plaee. 
various  instruments  aud  materinls  used  in  the  art.  are — 
€r-platri,  prepared  hy  the  copper  smiths. 
imp-fHftHti,  or  neeiUtM,  of  steel,  an  inch  long,  fixed  in 
<  of  wood  about  &ix  inches  iu  length,  and  of  the  siv:  of 
0. 


a  Koose-quin.  These  shonid  be  wull  tampereil,  and  aee«ratHy 
fixed  in  the  centre  of  the  handle.  They  are  brought  to  an  nocu- 
rately  conical  point,  by  rubbing  upon  an  mi^stome. 

A  parallel  ruler^  for  drawing  parallol  lines,  it  fiMed  with 
brass,  not  to  be  bruised  by  accident. 

Compagtes^  for  describing  circles  and  measuring  diitancet. 

A^a/oriis,  or  what  is  better,  spirits  of  nitre  (nitroui  neld), 
to  corrode  the  copper ;  a  process  called  hitimp  in.  This  llqoid  li 
kept  in  a  bottle  with  a  glass  stopper,  ai  its  fkioMt  destroy 
corks.  A  stopper  of  wax,  or  a  cork  well  covered  with  wax, 
will  senre  as  a  substitute. 

Barderinp'icax,  fur  surrounding  the  margin  of  the  copper- 
plate, when  the  aqua  fortis  is  pouring  on,  may  l>e  iKNight 
ready  prepared,  or  made  thns  :  Take  one-third  of  bees-was  to 
two-thirds  of  pitch ;  melt  them  in  an  iron  ladle,  and  pour  them, 
when  melted,  into  water  lukewarm ;  then  mould  it  with  your 
hand  till  it  is  thoroughly  incorporated,  and  all  the  water 
sqiieesed  out    Form  it  into  rolls  of  convenient  sine. 

TurpetUime-famisk^  for  covering  the  copper-plate.  In  any 
part  where  you  do  not  wish  the  aqua  fortis  to  bite.  Is  diluted 
to  a  proper  consiMcnce  with  turpentine,  and  mixed  with  lamp- 
black, to  be  seen  better  when  laid  upon  the  plate. 

Eiehinp-ground^  for  covering  all  over  the  plate,  previous  le 
drawing  with  the  needles,  is  prepared  thus :  Take  of  virgin- 
wax  and  asphaltom,  each  twent}  ounces ;  of  black-pitch  and 
Burgundy-pitch,  each  half  an  ounce ;  melt  the  wax  and  pitch 
in  a  new  earthenware  glazed  pipkin,  and  add  to  them,  by  de- 
grees, the  asphaltum  finely  powdered.  Let  the  whole  boll  till 
such  time  as  a  drop  of  it  upon  a  plate  will  break  when  it  is 
cold,  or  bending  it  double  two  or  three  times  between  the 
fingers.  The  yamish  being  then  boiled  enough,  is  taken  from 
the  fire,  and  cooled  a  little,  and  poured  into  warm  water,  that 
it  may  work  the  more  easily  with  the  hands,  into  balls  for  use. 
The  fire  must  nut  be  too  violent,  lest  the  ingredients  burn ;  a 
slight  simmering  will  be  sufficient ;  that  while  the  asphaltum  is 
putting  in,  and  after  it  is  mixed  with  them,  the  ingredients 
should  be  stirred  with  a  spatula ;  the  w  ater  into  which  this 
composition  is  thrown,  should  be  nearly  of  the  same  degree  of 
warmth  with  the  compositifin,  to  prevent  a  kind  of  cracking, 
which  happens  when  the  water  is  cold.  The  varnish  ought  to 
be  harder  in  summer  than  winter ;  it  will  lieeome  so  if  it  be 
suffered  to  boil  longer,  or  a  greater  proportion  of  the  asphaltum 
be  used.  The  experiment  above  mentioned,  of  the  drop  suf- 
fered to  cool,  will  determine  the  degree  of  hardness  oi  sohness 
suitable  to  the  season  when  used. 

To  iWy  the  jfrtmnd  for  elcAinjr,  we  clean  the  copper-plate  with 
fine  whiting  and  a  linen  rax,  to  free  it  from  grease ;  and,  as  a 
handle  for  managing  it  by  when  warm,  we  fix  a  hand- vice  to 
some  part  of  it  where  no  work  is  intended  to  be  laid.  We 
then  hold  the  plate  over  burning  paper  or  a  ctiafing-dish,  to 
heat  it,  so  as  to  melt  the  etching-ground,  which  should  br 
wrapped  up  in  a  bit  of  taffeta,  to  prevent  any  dirt,  that  may 
happen  to  be  among  it,  from  mixing  with  what  is  melted  upon 
the  plate.  It  must  be  heated  just  sufficient  to  melt,  not  to 
burn  the  ground.  When  a  sufficient  quantity  of  the  etching- 
ground  has  been  rubl»ed  on  the  plate,  dab  it.  or  beat  it  gently, 
while  the  plate  is  hot.  with  a  small  dabber  made  of  cotton 
wrapped  in  tafl'ety.  By  this  operation,  the  ground  is  distriliu(r«i 
more  eqnally  over  the  plate,  than  by  any  other  means.  When 
the  plate  ih  thus  uniformly  and  thinly  covered  with  the  varnish, 
it  is  blackened  by  smoking  it  with  a  wax-taper,  thus:  TwiM 
together  three  or  four  pieces  of  wax-taper  to  make  a  large 
flame,  and  while  the  plate  is  still  warm,  hold  it  with  the 
varnished  side  downwanls.  and  move  the  smok>  part  of  the 
lighted  taper  over  its  surface,  till  it  is  almost  blacli ;  hut  IH 
not  the  wick  touch  the  varnish,  lest  it  get  smeared  or  stained, 
in  lu\ing  the  etching-ground,  take  care  thut  no  particles  rW 
dust  nettle  upon  it.  as  that  would  be  found  tnmhlesoinr  in 
etehinr  :  the  room  therefore  in  wliich  it  is  laid  should  he  still, 
and  free  from  dust. 

The  ground  hr'wz  In  id.  ami  saffrred  to  ennl.  the  ncKt  opera- 
tion is  to  trAiMfer  the  desien  to  the  plate.  Fur  this  purpose  a 
traeinv  on  oiled  rajNT  is  Di-ide  from  the  de-«irn  to  be  rtehed. 
with  pen  and  ink,  h»\inc  •!  ^cry  %m\\\  i^unntity  of  ox's  gall 
mixed  with  it.  tr>  make  the  oiled  paper  take  it :  also  a  piece  of 
thin  paper,  of  the  same  size,  is  rubbed  over  with  red  chaih, 
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powdered,  by^eiant  of  some  cotton.  Then  laying  the  red 
chalked  fNiper,  with  its  chalked  aide  next  the  ground,  on  the 
plate,  put  the  tracing  o?er  it,  and  fasten  them  both  together, 
wad  to  the  plate,  by  a  little  bit  of  the  bordering  wax.  When 
ail  this  is  prepared,  with  a  blant  etching  needle  go  gently  all 
orer  the  lines  in  the  tracing,  and  the  chalked  paper  will  be 

Siressed  against  the  ground,  and  the  lines  of  the  tracing  trans- 
erred  to  it. 

The  plate  is  now  prepared  for  drawing  through  the  lines 

marked  upon  the  groand.    The  etching-points  or  needles  are 

now  employed,  leaning  hard  or  lightly,  according  to  the  degree 

'^i  strength  required  in  the  lines.     Points  of  different  sizes  and 

''lonns  are  also  used,  to  make  lines  of  different  thickness,  though 

this  is  commonly  effected  by  the  biting-in  with  aquafortis.    A 

margin  or  border  of  wax  formed  all  round  the  plate,  holds  the 

•qua  fortis  when  it  is  poured  on.    The  bordering  wax  already 

described,  is  put  into  lukewarm  water  to  soften  it,  and  render 

It  easily  worked  by  the  hand.    When  sufficiently  pliable,  it  is 

4rawn  into  rolls,  and  put  round  the  edges  of  the  plate,  in  a 

'Beat  wall  or  margin.  A  spout  is  formed  in  one  corner,  by  which 

aiterwards  to  ponr  off  the  aqua  fortis. 

The  nitrous  acid  (spirits  of  nitre)  is  now  diluted  with  four  or 
Ave  times  as  much  water,  or  more  (according  as  you  wish  the 
plate  to  be  bit  quick  or  slow,)  and  poured  upon  the  plate.  In 
a  few  minutes  minute  bubbles  of  air  will  fill  all  the  lines  drawn 
on  the  copper.  These  are  removed  by  a  feather ;  and  the  plate 
is  every  now  and  then  swept,  as  it  is  called,  or  kept  free  from 
air  bobbles.  By  the  more  or  less  rapid  production  of  these 
bubbles,  you  judge  of  the  rapidity  with  which  the  acid  acts 
upon  the  copper.  The  bitiog-in  of  the  plate  is  the  most  un- 
certain part  of  the  process,  nothing  but  experience  can  enable 
jany  one  to  tell  when  it  is  bit  enough,  as  the  thickness  and  depth 
of  the  line  cannot  easily  be  seen  till  the  ground  is  removed. 

When  you  judge,  from  the  time  the  acid  has  been  on,  and 
the  rapidity  of  the  biting,  that  those  lines  you  wish  to  be  the 
faintest  are  deep  enough,  you  pour  off  the  aqua  fortis  by  the 
spout,  wash  the  plate  with  water,  and  dry  it,  so  as  not  to  melt 
fbe  ground.  Those  lines  not  intended  to  bo  bit  any  deeper  are 
now  stopped  up  with  turpentine  varnish  mixed  with  lamp- 
black, and  laid  on  with  a  camel's  hair  pencil;  when  this  is 
thoroughly  dry,  the  aqua  fortis  is  poured  on  again,  to  bite  the 
other  lines  that  are  to  be  deeper. 

This  process  of  stopping  out  and  bitting  in  is  to  be  repeated 
as  often  as  lines  of  different  degrees  of  thickness  are  to  be 
made.  It  is  necessary  also  to  be  careful  to  stop  out,  with  the 
varnish,  those  parts  from  which  the  ground  may  have  come  off 
by  the  action  of  the  acid,  else  parts  will  be  bit  that  were  not 
intended.    This  is  called /oif/-6tVtn^. 

When  the  biting-in  is  finished,  remove  the  bordering-wax 
and' the  ground,  that  yon  may  see  what  success  you  have  had. 
To  take  off  the  bordering-wax,  the  plate  is  heated  by  a  piece 
of  lighted  paper,  which  softens  the  wax  in  contact  with  the 
plate,  and  it  comes  off  clean.  Oil  of  turpentine  is  now  poured 
upon  the  ground,  and  the  plate  rubbed  with  a  linen  rag,  to 
remove  all  the  ground.    Lastly,  it  is  cleaned  with  whiting. 

The  success  of  the  etching  is  now  known,  but  it  is  necessary 
to  get  an  impression  upon  paper  by  a  copper-plate  printer. 
This  impression  is  called  a  proof.  If  any  parts  are  not  bit  so 
deep  as  were  intended,  the  process  is  repeated,  provided  the 
lines  are  not  too  faintly  bit  This  re-biting  is  done  as  follows : 
melt  some  of  the  etching-ground  on  a  spare  piece  of  copper, 
dab  it  a  little,  to  get  some  on  the  dabber;  clean  out  with  whit- 
ing the  lines  that  are  to  be  re-bit,  heat  the  plate  gently,  dab  it 
lightly  with  the  dabber,  and  the  parts  between  the  lines  will  be 
covered  with  the  ground,  but  the  lines  themselves  will  not  be 
filled  np,  and  consequently  will  be  exposed  to  the  action  of 
the  aqua  fortis.  This  delicate  process  must  be  performed  with 
great  care.  The  rest  of  the  plate  is  now  varnished  over,  the 
bordering-wax  put  on  again,  and  the  biting  repeated  as  at  first. 
Should  any  part  be  bit  too  deep,  it  is  recovered  or  made 
fainter,  by  burnishing  the  part  down,  or  rubbing  it  with  a 
piece  of  charcoal,  which  will  make  the  lines  shallower,  and 
cause  them  not  to  print  so  black.  Should  any  small  parts  of 
.  the  lines  have  missed  in  the  biting,  they  are  cut  with  the  graver, 
which  is  also  sometimes  employed  to  cross  the  lines  of  the 
^*-.u: —  jyj^  gj^^  1^  ^  ^^^^  finished  effect 


^  Dry-potntm^F,  another  method  for  softeniBi^  tttf  hinh  elMlf 
usually  apparent  in  an  etching,  is  done  by  oattiag  witk  the 
etching-point  upon  the  copper  without  any  gromid  or  vamiik 
This  process  does  not  make  a  deep  line,  and  is  used  foeofer- 
ing  the  light,  where  delicate  tints  and  soft  shadows  are  wasted. 
By  varying  these  processes  of  etohiog,  gravioir*  i^^  dry-poiit- 
ing,  as  may  be  necessary,  the  plate  is  worked  «p  to  the  M 
effect  intended,  and  then  sent  to  the  writing  engrmHr^  to  gnve 
whatever  letters  or  inscriptions  may  be  required. 

ETHER,  an  element,  supposed  by  some  philosophers  Is 
occupy  the  upper  regions  of  space,  more  fine  and  subtle 
than  air. 

ETHICS,  or  Morality,  the  science  of  morals  or  doty,  wlsck 
it  traces  from  man's  nature  and  condition,  and  proves  to  ter- 
minate in  his  happiness ;  or,  in  other  words,  it  is  the  know- 
ledge of  our  duty  and  felicity,  or  the  art  of  being  virtuous  and 
happy. 

EUCLID,  a  celebrated  mathematician  of  Alexandria,  whs 
flourished  before  Christ  300  years.  He  immortalised  his  naae 
by  his  books  on  geometry,  in  which  he  digested  all  the  propo- 
sitions of  eminent  geometricians  who  had  preceded  lum,  u 
Thales,  Pythagoras,  and  others.  King  Ptolemy  became  one  of 
his  pupils,  and  his  school  became  so  famous,  that  Alexasdfit 
continued  for  many  ages  the  g^eat  university  for  mmthematieil 
studies. 

EULER,  Leonard,  one  of  the  most  celebrated  analysts  of 
the  last  century,  was  born  at  Basil  in  the  year  1707,  and  vat 
early  discovered  great  talents  as  well  in  the  study  of  the  Gre« 
and  Latin  languages  as  in  the  various  branches  of  the  mathe- 
matical and  philosophical  sciences.  The  natural  genius  tf 
Euler  was  also  much  assisted  by  an  astonishing  retendve 
memory,  which  enabled  him,  it  is  said,  to  repeat  the  whole  tf 
the  iEneid  of  Virgil  from  beginning  to  end ;  and  to  point  oit 
to  his  hearers  the  first  and  last  line  of  every  page  in  the  editioa 
that  he  had  accustomed  himself  to  read.  It  is  also  fiuthcr 
stated,  that  he  could  remember  the  first  six  powers  of  all  num- 
bers under  100.-  Besides  being  foreign  member  of  the  Academy 
of  Sciences  of  Paris,  Euler  was  member  of  the  Imperial  AcSf 
demy  of  Petersburgh,  ancient  director  of  the  Academy  of 
Berlin,  and  fellow  of  the  Royal  Society  of  London.  He  died  at 
Petersburgh,  where  he  had  spent  a  great  part  of  his  life,  OS 
the  7th  of  September,  1783,  in  the  76th  year  of  his  age. 

EUDIOMETRY,  the  science  of  determining  the  purity  of 
atmospheric  air,  by  measuring  the  proportion  of  oxygen  (os 
which  its  respirable  property  depends)  in  a  given  quantity  of 
it ;  whence  the  tests  or  instruments  employed  in  this  scioDOO 
are  denominated  eudiometers. 

EUDOXUS,  of  Cnidus,  a  city  of  Caria  in  Asia  Minor,  a 
celebrated  astronomer  and  geometer,  who  flourished  about 
370  years  before  Christ.  He  composed  '*  Elements  of  Geome- 
try," to  which  work,  according  to  the  account  of  Proclns, 
Euclid  was  much  indebted  for  many  of  his  propositions  ;  indeed, 
some  writers  have  attributed  to  him  the  whole  of  Euclid's 
*'  Elements.*'  Eudoxus  is  said  to  have  died  in  the  year  befom 
Christ  .352,  in  the  53d  year  of  his  age. 

EUDIOMETER.  An  instrument  for  ascertaining  the  parity 
of  air,  or  rather  the  quantity  of  oxygen  contained  in  any  gives 
bulk  of  elastic  fluid.  Dr.  Priestley's  discovery  of  the  great 
readiness  with  which  nitrous  gas  combines  with  oxygen,  and 
is  precipitated  in  the  form  of  nitric  acid,  was  the  basis  upon 
which  he  constructed  the  first  instrument  of  this  kind.  His 
method  was  extremely  simple :  a  glass  vessel,  containing  as 
ounce  by  measure,  was  filled  with  the  air  to  be  examined, 
which  was  transferred  from  it  to  ajar  of  an  inch  and  a  half 
diameter,  inverted  in  water ;  an  equal  measure  of  fresh  nitrons 
gas  was  added  to  it;  and  the  mixture  was  allowed  to  stand 
two  minutes.  If  the  absorption  were  ^ery  considerable,  more 
nitrous  gas  was  added,  till  all  the  oxygen  appeared  to  be 
absorbed.  The  residual  gas  was  then  transferred  into  a  glass 
tube,  two  feet  long,  and  one-third  of  an  inch  wide,  graduated 
to  tenths  and  hundredths  of  an  ounce  measure ;  and  thus  the 
quantity  of  oxygen  absorbed  was  measured  by  the  dimiootios 
that  bad  taken  place.  The  burning  of  hydrogen  gas,  and  of 
phosphorus,  has  also  been  employed.  The  same  object  has 
also  been  effected  by  observing  the  quantity  of  oxygen  absorbod 
by  a  solution  of  sulphnret  of  potash. 
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KUROPB  extrndt  from  the  tenth  deKree  weit,  la  the  tistirth 
druTce  eftit  lonintude,  and  (rata  tbe  thirtjr-iislh  (o  Ihr  ■crentj- 
HCOBil  degree  ot  n»rth  latitade.     The  Proien  Ocekn  botinds  it 

05  the  BOfth,  Aiik  on  ihe  eait,  the  Mrditerranean  ica  on  the 
•oudi,  and  the  Allanlic  Ocean  on  tbe  we.it.  Ita  len;;lh,  from 
•Ml  to  weal,  in  about  3300  niiiex  i  ila  breadth,  from  north  to 
Moht,  ahoBl  33M>. 

The  European  ktale*  are  rmirleen  in  numWr;  nnd  of  tbeae, 
fonr  are  in  the  north,  ti%  in  the  middle,  and  four  in  Ibe  south. 
TAe  Korlkern  StaUi  mrr: 
rtiKKlrirt.  Vhiff  Tomu. 

I.  The  Brili'<li  Iilcs )»ndau,  Dublin,  Ed inbiinth. 

%  Da ni>h  dominions ('nprnhagen,  on  tbe  Sound. 

3.  Sweden Siorkholm.on  Lake  Mnvlar. 

4.  Bussix Peler*bur):h  OD  Ihe  river  Neva. 

Tit  Six  MidiiU  romfnu  mrt, 

1.  Fiance Pa rii,  on  the  river  Seine. 

9.  Balatria  or  Holland,  with  1  •_  .    j  .^       .■.     ■       •      .  ■ 
theNelheriand.... i  A«stwd«di,on theriTerAmiteL 

5.  SviUerland Iladil,  on  the  river  Rhine. 

4.  GermaDy }  Vienna  and  Preiburf,  on  the 

6  Anatfina  dominions \     fiver  Danube. 

.    C  Pruaia Berlin,  on  the  river  Sprey. 

Tkt  Fomr  in  tht  SmUh  art. 
1.  Spain Madrid,  on  rirerManinnnres. 

5.  Portugal Li*hon,  on  Ihe  river  Taicut. 

>■  lUljr Rome,  on  the  river  Tiber. 

A.  TarVa.  t  Constaniiuonie,  on  Ihe  Strait  of 

*  ^""^ (      Conslanlinople. 

A  Synopsis  afik*  E»ropta%  Slaiti. 
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Tbe  eeeaoa  and  leac  c<intii;uout  to  Europe  are;— I.  Tlie 
Atlantie  ocean  on  tlie  ue.nl.  3.  The  Frusrn  ocean  on  the 
■«rtb.  3.  The  Mediterranean  ira  on  (he  tuuth.  4.  The  While 
aca  OB  Ihe  norlb  of  Ruiiia.  h.  The  llallir,  iirtwren  Denmark. 
Sweden,  Russia.  PruMia.  and  Germant.  tl.  Tbe  Nnnh  sra,  or 
OarMan  oeeao.  7.  The  Irish  sra.  or  St,  (icorur't  rhannrl.  H. 
TW  Bnitliih  channel.  !).  The  Adriatic,<ir  Ciilf  of  Venire.  ID. 
The  Arcbipelatn<.  or  sea  of  the  (irrriaii  l^itHniN.  II.  The  xea 
ml  Mannora.     I'i.  The  lllark  lea.  and  (he  sea  of  Asof. 

ne  chief  European  bays,  Rulfs,  and  n trail !i,  are: — t.  The 
mH of  Bothnia,  in  .Sweden,  i.  Tbe  lolf  of  Finland.  Iielwren 
Sweden  and  Runia.  X  The  l>av  of  [tiiii-n.  brlBi-rn  l-'iiince 
■■4  Spain.  4.  Tbe  milf  of  Venire,  bi-twrm  hal>  and  Turkev. 
a.  Tte  jculfs  of  Rica  and  Dnntiir.  in  Ihe  Billir,  0.  The  ftul'fa 
•f  LyOBs,  Genoa,  Tarantn.  and  Salonirn,  in  the  Mediterranean. 
7.  nt  airaiu  are,  the  Sound,  between  Denmark  and  Sweden; 
tha  atrait  of  Dover,  heliteen  England  and  Fruice  i  of  Gibral> 


tar,  between  Spain  and  Afiiea ;  of  Heasina,  beliveen  Italy  and 
Sicily  :  ol  Gallipoli,  into  ihe  tea  of  Marmara  ;  of  Constaniina- 
ple,  into  the  Black  lea :  and  of  Kaffa,  into  tbe  sea  of  Aaof. 

Tbe  principal  European  lakes  and  mountain*  are : — Lakaa 
Onefa,  Ladojca,  an  J  Pejpui,  in  Ruuia;  Wener  and  Weler, 
in  Sweden  ;  Neufcbulcl  and  Geneva,  iit  Swilaerland,  and  <m 
the  borders  of  France  ;  and  Lucerne,  Zurieb,  and  Conataacc, 
ie  Swjuerland. 

And  tbe  mountains  are:— the  ATpsinSwitRerlnnd.  eslendiag 
in  the  form  of  a  crescent,  for  above  600  niilrs,  Ttic  hi|[liesi 
part  uf  the  Alps  is  Moat  Blanc.  15.00*2  feet  above  the  level  of 
the  sea.  The  Pyrenees,  between  Franco  and  Spain,  whoao 
icreatest  elevation  is  1 1,0»0  feet.  The  Apennines  in  Italy  ;  the 
Carpathian  mountains,  eiceedins  6)KI  miles  north  and  east,  ia 
Hungry  ;  Ihe  Lan|^iall.  or  Lon|;  Mountains,  and  I>ofr«ial 
mountains,  which  separHle  Norway  and  Swrdeoi 

The  vukanoci  in  Europe  are : — Mount  Etna  in  Sicily,  whoaa 
base  is  ItM  miles  in  circumfrrenee,  and  its  beiihl  11,000  feel 
nbove  tbe  level  of  the  sea.  Mount  Vesuvius,  iu  tbe  east  of 
Naples,  about  3(100  feel  blKh  :  and  Mount  Ilecla,  in  leelaod. 
about  anno  feet  above  the  level  of  tbe  sea. 

The  European  islands  in  the  Baltic  are: — Rujcen,  Oelaad, 
Gotliland,  and  Aland,  bclonf;in)C  to  Sweden ;  Zealand.  Funen, 
Alsen.  Lantcland,  Laland,  Falster,  Feniereu,  and  Bornholm, 
bdunitinic  to  Denmark;  and  Dago  and  Ocsel,  belonging  to 
RusKia. 

In  the  Frosen  Ocean,  are  Nova  Zembla,  belonging  to  Russia, 
and  Iceland,  tbe  property  of  Denmark. 

In  the  Airantic  Ocean,  are  Great  Britain  and  Ireland:  the 
Otkney  and  Shetland  islands  to  the  oortb  of  Scotland,  and  tko 
Hebrides  to  Ihe  west.  To  the  north  of  the  Shetland  ialandl 
arc  tlic  Ferro  islands,  which  belonK  to  Denmark. 

In  the  Atlantic  Ocean  are  also  tbe  Asore  islands,  tbe  chief 
of  which  are,  St.  Michael,  Terccra,  Pico,  Fayal,  Flures,  and 
Corvo.     These  islands  bclonR  to  Portugal. 

In  the  Irish  Sea,  are  Ihe  isles  of  Mao  aud  Aneleien. 

In  the  Ilrilisb  Chauntl,  arc  the  Isles  of  Wight,  Gersey, 
Guernsey.  Sark,  and  .\lderuey. 

In  the  Mediterranean,  are  the  islands  of  Minoren,  Mtynrea. 
and  Ivica,  ulT  the  coast  of  Spain,  to  wbich  ihfy  belong.  Cor- 
sica, under  tlie  government  (if  France.  Sardinia,  a  aeparmta 
kingdom.  Sicily  belongs  to  Naples,  and  Malta  to  Great  Bri- 
tain.    Tbe  islands  of  the  ArrhipclaicnhrlnnK  to  Turkey. 

The  Isthmuses  are  those  of  Corinth,  between  the  Morea  aod 
Turkey,  and  of  Preeops,  in  the  Ciimea. 

The  principal  capes  are:— I.  The  North  cape,  in  Lapland. 
2.  Tlie  Na(e,  in  Norway.  .1.  Land's  Ea<l.  io  Eonlaad.  4. 
Cape  Clear,  in  Ireland.  5.  Cape  hi  Iluguc,  in  France.  8. 
Cape  Ortrfcal  and  cape  Fininterre,  in  Spain.  9.  Cape  St.  Vi^ 
ecnt,  in  Partii|;al.  H.  Cape  Spartivento.iu Italy ;  and  S.  Capa 
Matapan,  in  Turkey. 

The  cliirf  European  rivers  are :— I.  Tlie  D«ina,  which  falla 
into  the  Wiijte  sen  at  ArebangtI.  i.  Tlie  Duna,  wliicb  dia- 
charges  itsHf  into  the  Baltic  at  Rii:a.  X  The  Niemen,  or 
Meinel  River,  separating  Itustin  and  PrusHJn.  and  which  falla 
into  the  Baltie  near  Mcuiel.  4.  TbeViMuU  joins  the  sea  near 
Danliie.  .'i.  The  Oder  falls  into  the  Baltic  below  Slcttia.  «. 
The  Elbe  enters  the  sea  near  <:u\baven.  7.  Tbe  Wcser  rana 
into  the  sea  at  Hiumin.  H,  Thi-  Khinc  falls  into  Ibc  Gonnan 
oi-ean  nl  Leyden.  U  The  Scliclilt  (;ilh  into  tbe  German  oeean 
at  Fluihing.  10.  The  Mnrsc  joins  the  (ifTman  oeean  below 
Itoltrrdani.  tt.  Thr  Seine  futli  into  the  Eoftliib  channel  at 
Havre  ile-Oraee.  lO.  Thi-  Lxiri-  enKri  the  ocean  at  Painbtrnf. 
1.1.  Tbe  Uutonne.  or  Ciiotide.  fulls  into  llic  sea  lietow  Bour- 
deaus.  14.  The  Minno  furnis  Ibe  nortbein  boundary  of  Por- 
tngal.  tft.  The  Dunro  falls  into  lb<-  sea  at  Opoftn.  Id.  Tha 
Tasui  below  Lisbon.  IT.  Tbe  Guadiana  si-pnratrs  .Spain  from 
Portugal,  and  falls  into  the  Allaniir.  in.  The  Gnadalquivar 
em|)lies  itself  inin  the  Atlantic  at  St.  Lucar.  I'J.  The  Bbro 
falls  into  the  Meditcrrunenn.  90.  The  Rhone  difiembogne* 
itself  into  tbe  Mediterranean,  'Jl.  Tbe  Arnu  falls  into  tba 
gulf  of  Genoa,  £2.  The  Tiber  runs  into  the  Mediterraneaa. 
23.  The  Po  and  tbn  Adige  fall  into  Ibc  golf  ufVeaiee.  14.  Tha 
Dannbe.  the  Nicsier,  and  the  Dnieper  fall  into  the  Blaek  sea. 
26.  The  Don  into  Ibc  aca  of  Awfi  aud,  30.  Tlw  Wolga  intu  Ik* 
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AtOnOHAKr  OP  HlCIf  AVICIL 'M9BM0I. 


'  n*  Brititk  JiianA.— GriAl  BriUl  la  ■itoated  bet«Mn  SO 
add  Mt  degTMs  of  korlli  Istitiide,  uid  betweca  the  3d  -degn* 
eut  uid  the  ath  itgno  wqM  loDsftadu.  lU  iDDt^th  fVom  north 
to  •outh  ii  abont  A80  miles,  aid  iu  freatest  breadth  about 
370.  JtudividedintoBaKlaad,  Walet.BDdScotlaMl.  Ifelaod 
U  m  integral  part  of  the  Briiiah  empire. 

nie  fornm  posaessions  of  Great  BritaiD  in  Garope  are : — 
CHbraltar,  Malta,  Guernsey,  Jersey,  and  Heligoland.  la 
North  Amerioa — Canada,  Labrador,  New  Braniwiek,  and  their 
ialandi.  In  the  West  Indies,  it  possesses  all  the  prinoipml 
islands,  except  Cuba,  Hispaniiris,  Porto  Rieo.  But  in  lieu  of 
these  it  has  Banduras.  In  Sooth  America— Bo rin am,  Berbice, 
Demerara,  Essequibo,  and  the  FalLland  Island*.  In  Africa,  it 
possesses  the  Cape  of  Good  Hope,  Sierra  Leone,  SencKsl, 
Goree,  the  isle  of  St.  Helena,  and  the  Isle  of  France.  In  Asia— 
Eindostan,  the  island  of  Cejion,  the  Baada  iaias,  tic.  New 
Hotlsnd  and  its  dependencies. 

The  popnlation  of  the  tthole  British  empire  la  about  sisty- 
foar  inilliona  of  souls ;  of  tbese  aboTo  l6rtjr>two  millioBs  are 
free  people. 

Thus,  Bllowiag  to  Great  Brilaia. ......   It,9a8,300  aoali. 

To  Ireland &600,000 

European  depeodenoies '180,300 

American  dependencies 486,200 

West  Indian  dependanoies 1 ,167.000 

African  dependencies 129,000 

Aiiatio  dependeaciea 3,000,000 

East  India  Company's  dcpeodeodea....  40,600,000 
Anny  and  navy,  including  mercenary 

troopa 671,000 

We  shall  have  a  grand  total  of. .  66,696,800 

to  the  year  1812.  the  British  navy  amounted  to  1000  ships  of 
war.  Of  these  362  were  shipsof  the  line,  called  also  first-rates. 
In  1830,  the  peace  establishment  was  fixed  at  715  ships  of  war, 
and  of  these  363  were  In  commission,  or  actual  serrice. 
.  The  re*enae  of  1833  was  aboTe  £61,000,000,  the  national 
debt  aboot  £800,000,000.  The  poor-rules  in  England  and 
Wales  are  abont  £8.000,000  anngally.  In  Scotland,  the  poor 
are  nat  proTided  for  by  rate/  or  taret;  hence  the  high  moral 
toHog  and  sense  of  independence,  with  the  oonseqiMnt  Indns- 
-try  and  fragality  of  the  Scots. 

The  eBltlvated  parts  of  England  and  Walei  ore  reckoned  at 
tUrty-nlne  millions  of  acres,  the  nnaalllTated  scTen  millions ; 
bnt  of  these,  six  millions  are  capable  of  improvement. 

In  Great  Britntn,  all  the  manufactures  common  to  Earope 
and  Asia  are  brouRbt  to  the  greatest  perfection. 

The  tonnagv  of  British  vessels  cleared  ontwards  in  the  year 
1824,  amoonted  to  the  amaaing  weight  of  3,4S3,00a  tons. 

Hie  British  tonnage  entered  inwards  for  the  year  1824, 
tunonnted  to  2,960,188  tons, — 

LeaTJng  in  favour  of  our  home  consumption  468,786  torn, 
ant  of  which  of  coarse  a  conslderabte  deduction  must  be  made 
■fcr  the  refuse  of  raw  materisls  imported. 

The  Iransil  trade  is  valued  at  £10,168,106.  which  is  certainly 
a  large  sam  to  even  a  great  commercial  nation,  as  general  car- 
rier* in  a  period  of  profound  peace,  when  the  marine  of  Europe,, 
aad  America  to  boot,  strike  in  for  a  large  share  in  the  compe- 
tition of  a  transit  trade. 

ne  inland  trade  may  be  somewhere  about  seventy  millions 
alerting  in  1835. 

Ilia  valne  of  the  exports  and  imports  in  1824,  rose  to 
£88,488.163  slerlini. 

■  According  to  official  statements  made  tor  the  year  IS2I,  the 
families  employed  in  agriculture  io  Great  Britain,  amounted  in 
VrS.SM;  in  trade,  mannfactures,  or  handicraft,  1, 350.'339 ;  nol 
•on[nlsed  tn  either,  812,488;  being  a  total  of  2,941,383  fami- 
nes i—rf  which  3346.717  were  in  Bnftland,  146,706  in  Wales, 
■and  44T,eeO  in  Scotland.  The  number  of  inhabited  hooies 
ia  Great  Britatn,  was  2,429,630. 

The  Editor  regrets  exceedingly,  that  after  much  fVaitlesi 
■vaaareh  in  quest  of  authenticated  returns  of  the  annual  valne 
of  each  branoh  of  our  various  mannfaotares.  and  the  number  oT 

Ciona,  male,  female,  and  chiMren,  employed  in  each,  he  has 
B«aaUetoc«Bip)eteaaibBlarTiewt>fi»n  domestic  indnsti} 
IB  the  art!  and  manufactares. 


EtigUmI  Md  WatM.— OnglaBd  t(  kU  Oal  mMIm  of  Onat 
Britain  soathof  the  Tweed  and  the  Ssk.tba  Ckefiot  IIiHi,iad 
the  Solway  Frith,  On  the  cast  tt  ia  wBah«d  by  Iha  Owaa 
ocean;  on  the  south  hy  the  English  channel ;  oatlMWMthylba 
Irish  sea ;  and  its  northern  boundary  is  Scotland. 

Obiene.  The  extent  of  England  and  Wales  ia  eoBpated  M 
40.453  square  miles ;  the  population  is  reekoned  jnt  mm 
(1825)  somewhere  about  12,aoo,000  souls ;  therefore,  the  aan- 
bcr  of  inhabiUnta  to  a  square  mile  is  nearly  3M. 

There  are  forty  coooties  in  England,  and  twelve  in  the  pria- 
cipality  of  Wales. 

7%e  nx  Norlhem  art: 
Chief  Tow*.         SUmt*  m  the  Smr, 
Newcastle,  Tyne. 

Carlisle,  Eden. 

Durham,  Wear. 

Yorii,  Onse. 

Appleby  Eden. 

Lancaster,  Lnne. 

horileritig  ON  Wait*  mr* : 


NoTthamberland, 

Cumberland, 

Durham, 

YortsMre, 

Wcstraoreiaad, 

Lancashire, 


TKefMt 
Cheshire, 

Shropshire  or  Salop, 
Hereiordshire, 
Monmontfashire, 

Notti  nghamshire , 

Derbyshire, 

Staffordshire, 

Leicestershire, 

Rutlandshire, 

Northamptonshire, 

Warwickshire, 

Worcestershire, 

Gloucestershire, 

Oxfordshire, 

Buckinghamshire, 

Bedfordshire, 

Uncolashlre. 

Hnntingdonshire, 

Cambriageshire, 

Norfolk, 

Suffolk, 

Essex, 

Hertfordshire, 

Middlesex, 

Surrey, 
Kent, 

Sussex. 

Berkshire. 
WilUbire, 
Hampshire, 
Dorsetshire, 

Somersetshire, 

Devonshire, 

Cwnwall, 

Flintshire. 

Denbighshire, 

Caernarvanahire, 

Anglesey. 

Merionethshire, 

Montgomeryshire, 

Radnorshire, 

Cardiganshire. 

Pembrokeahira, 

Caermartbenihire, 

Brecknockshire, 

Olamorpuishlre, 


Chester,  Dee. 

Shrewsbury,  Severn. 

Hereford,  Wy«. 

Monmouth .  Wy«. 
Tw*lee  jaidUnd: 

Nottingham,  Trent. 

Derby,  DerwonL 

Stafford,  Low. 

Leicester,  Soar. 

Okeham, 

Northampton,  Non. 

Warwick,  Aran. 

Worcester,  Severn. 

Gloncester,  Sevaru. 

Oxford,  Thames 

Ayleabory,  Tame. 

Bedford,  Sooth  Dose. 

Eight  Eatttm. 

Lincoln,  With  am. 

Huntingdon,  South  Onse. 

Cambridge,  Cam. 

Norwich,  Yare. 

Ipswich,  Orwell. 

Chelmsford,  Chelmer, 

Hertford,  Lea. 

London,  Thames. 
TAret  South- EaMem ; 

Guildford,  Wey. 

Canterbury,  Stonr. 

Chichester,  or  Lewu. 

J'our  Sauthmi : 

Reading,  Thamas. 

Salisbury,  Avon. 

Wineh  ester,  Itchyn 

Dorchester,  Frome. 
Thret  SeiUh-Weitent. 

Wells  or  TauBtOB. 

Exeter,  Bxc. 

Launcestoo,  Tamar. 
Six  in  Norih  WaUt. 

Flint,  Dec. 

Denbigh,  Clwyd. 

CaemarvoB. 

Beanmaria,  on  the  Strall  MmL 

Harlech  or  Bala. 

Hontg«mery. 
Six  in  Soaxh  Walet. 

Radnor, 

Cardigan.  "nvy. 

Pembroke,  MilfonihaTtB. 

Caermarlhen,  Towy. 

Brecon,  tJak. 

Caerdlff,  Taafe. 


BUR 


DICTIONARY   OP   MBCHANICAL  8C1ENCB. 


BUR 


Tbc  forejcoing  coanties  are  again  divided  into  six  circuits, 
as  follow : — 

The  Home  Circuit  contains  Essex,  Ilcrtrord,  Kent,  Surrey, 
and  Sussex. 

The  Norfolk  Circuit  contains  Ducks,  Bedford,  Huntingdon, 
CambridKC,  Suffolk,  and  Norfolk. 

The  Oxford  Circuit  contains  Oxford,  Berks,  Gloucester, 
Worcester.  Monmouth,  Hereford,  Salop,  and  Stafford. 

The  Midland  Circuit:  Warwick,  Leicester,  Derby,  Nottinj?- 
ham,  Lincoln,  Rutland,  and  Northampton. 

The  Western  Circuit:  Hants,  Wilts,  Dorset,  Somerset, 
Devon,  and  Cornwall. 

The  Northern  Circuit :  York,  Durham,  Northumberland, 
Lancaster,  Westmoreland,  and  Cumberland. 

Chester  is  a  county  palatine,  and  has  a  separate  judfre. 

in  Middlesex  the  supreme  courts  of  judicature  arc  held. 

The  Universities  arc  those  of  Oxford  and  Cnmbrid^^e,  and 
the  public  schools  or  colle;;es  are  those  of  Westminster.  Eton, 
Winchester,  the  Charter-house,  Christ's  Hospital,  St.  Paul's, 
&c.     The  Royal  Military  schools,  at  Woolwlrh  and  Sandhurst. 

Greenwich  Hospital  on  the  Thames, is  the  abode  of  r^^viI  and 
disabled  seamen;  and  Chelsea  Hospital  contains  the  wurn- 
out  and  maimed  soldiers  of  Britain.  At  Portsmouth,  Plymouth, 
Chatham,  Deptford,  Shcerness,  and  Milford,  the  dock-yards 
for  the  navy  are  established.  And  London,  Liverpool,  Bristol, 
Hull.  Yarmouth,  Falmouth,  Sunderland,  and  Whitehaven,  are 
the  chief  ports  for  the  merchant  shipping:.  Woolwich  is  the 
^eat  arsenal  for  the  navy,  and  for  the  materiel  of  the  army. 

The  Isle  of  Wip:ht,  on  the  coast  of  En^^land,  is  remarkable 
for  its  picturesque  beauty : — Jersey,  Guernsey,  Alderney.  and 
Sark.  are  on  the  coast  of  France.  In  the  Irish  sea  is  the  Isle 
of  Man,  a  poor  island,  but  noted  as  the  rcfu;;e  of  the  unfortu- 
nate. The  Seilly  Isles  are  barren  rocks,  beyond  Cornwall. 
The  Isles  of  Sheppey  and  Thanct  are  on  the  Kentish  coast ; 
and  Holy  Isle,  Lindisfarne,  and  Coquet  isles,  arc  on  the 
Northumberland  roast. 

The  principal  mountains  and  hills  are  those  of  Cheviot,  sepa- 
ratinfc  Enj^land  from  Scotland  ;  the  Fells,  in  Cumberland  and 
Yorkshire;  the  Malvern  Hills,  in  Worcestershire;  the  Mendip, 
in  Somersetshire ;  the  Peak,  in  Derbyshire;  the  Wreken,  in 
Shropshire ;  aud  the  Endic,  in  Lancashire ;  and  the  most 
elevated  hills  are. 


Whemside 4l») 

Pennypant 3030 

Saowdon 3456 

Pendlehill 3411 


Infl:leboroa{^h 3987 

Helvellyn 3324 

Skiddaw 3270 

Saddlebak 3043 


Cross  Fell 3390 

In  a  (Tcolopcal  view,  England  may  be  thus  presented  to  the 
pupil.    At  the  land's  End,  massive  and  primitive  rocks  bey^in  ; 


ipon  wnicn  Miaaiesex  exicnns.  inis  is  pnn- 
^pAlly  clay,  and  may  once  have  formed  the  mud  at  the  bottom 
®f  a  snit-water  lake.  Proceedini^  northward  from  London, 
toiK-^rds  Scotland,  we  arrive,  in  Cumberland,  at  primitive 
rooli  *.  These  are  among:  the  hifl:hest  and  oldest  rocks  in  Enp- 
iatifi  :  and  from  the  Land  s  End,  the  chain,  passing  throu^rh 
J-«n>berland.  extends  to  the  northern  extremity  of  Scotland.  In 
*^^t.  the  leneth  of  Britain,  its  general  form,  plains,  rivers,  and 
^Poi^raphical  divisions,  depend  on  this  chain  of  mountains, 
***^h  in  the  same  way  thai  the  continent  of  South  America 
^£^*e«  its  general  characteristics  from  the  Cordilleras. 

The  chief  rivers  in  Enscland  are:  the  Tweed,  which  separates 
^*»t-ihumberland  from  Scotland.  The  T>ne,  which  forms  the 
J|*^^«our  of  Newcastle.  The  Wear,  on  which  Sunderland  is 
Y**'t.  The  Tees,  forming  the  boundary  between  Durham  and 
^  *»rkshire.  The  Esk.  on  which  Whitbv  is  situated.  The  Hum- 
^^^*  on  which  Hull  stands.  The  Swale,  in  Yorkshire,  naviga- 
^ "  from  Ripon.  The  Derwent,  in  Yorkshire,  navi'.;nble  to 
J'**'ti»n.     The  Wharfe.  in  Yorkshire,  naviirablr*  to  Tadcaster. 


port  of  Boston,  in  Lincolnshire.  The  Wetland,  forming  the 
north-west  boundary  of  Northamptonshire.  The  Nen  joining 
the  Wash  below  Wisbeach.  The  Soathern  Ouse,  falling  into 
the  Wash  at  Lynn  Regis.  The  Yare,  in  Norfolk,  which  falls 
into  the  German  ocean  at  Yarmouth.  The  Deben,  in  Suffolk, 
navigable  to  Woodbridge.  The  Stoor,  forming  the  boandary 
between  Suffolk  and  Essex :  Harwich  is  at  the  mouth  of  the 
Stour.  The  Coin,  flowing  by  Colchester.  The  Black  water,  in 
the  north-west  corner  of  Essex,  near  Maldon,  which  is  joined 
by  the  Chelnier,  and  then  forms  an  extensive  estuary,  c»r  haven, 
called  Black  water  Bay,  famous  for  its  oysters.  The  Thames, 
which,  after  receiving  about  eight  tributary  streams,  falls  into 
the  sea  below  Gravesend,  in  Kent.  London  is  situate  on  the 
left  bank ;  Southwark  on  its  right  bank.  The  Meduay.  which, 
rising  in  Sussex,  and  navigable  from  Tonhridge,  falls  into  the 
sea  at  Shcerness.  The  Stour,  falling  into  the  sea  at  Ramsgate. 
The  Bother,  which  runs  by  Rye ;  the  Ouse,  by  Leu  es ;  and  the 
Arun,  by  Arundel.  The  Itchyn,  falling  into  Southampton  Bay. 
and  the  Avon,  joining  the  Stour,  from  Stourminster,  and  falling 
into  the  sen  at  Christchorch.  The  Exe,  which  joins  the  sea 
below  Topsham ;  and  the  Tamar,  which  separates  Cornwall 
from  Devonshire.  The  Towrulffe,  by  Biddeford.  and  the  Taw, 
by  Barnstable,  emptying  themselves  into  Barnstaple  Bay.  The 
Avon,  navigable  from  Bath,  which  falls  into  the  Bristol  chan- 
nel. The  Severn,  which,  after  a  course  of  ISO  miles,  forms 
that  large  arm  of  the  sea,  called  the  llristol  channel.  The 
Avon,  from  Warwick  and  Stratford,  joins  the  Severn  at  Tewkes- 
bury. And  the  Wye  falls  into  the  Bristol  channel  at  Chepstovi'. 
At  Chepstow,  the  tide  rises  to  an  extraordinary  height,  swell- 
ing from  fifty  to  sixty  feet  perpendicularly.  The  Towey,  which 
runs  by  Caermarthen,  the  Tivy,  by  Cardigan.  Milford  Haven, 
between  these,  is  a  remarkably  deep  inlet  of  the  Irish  sea,  and 
the  best  harbour  in  Britain.  The  Dee,  which  falls  into  the  Irish 
sea;  as  does  also  the  Mersey,  the  Irwell,  the  Ribble,  and  the 
Lune.  And  the  Bden,  which  empties  itself  into  the  Solway 
Frith. 

The  principal  canals  in  England  are :  one  in  Lincolnshire, 
extending  from  Lincoln  to  the  Trent ;  another  from  llurncastle 
to  Sleaford  ;  a  third  from  Grantham  to  the  Trent.  Li\erpool 
is  connected  with  Hull  by  a  canal  called  the  (Srand  Trunk,  from 
the  Trent,  proceeding  north  to  the  Mersey.  From  the  Grand 
Trunk,  several  minor  canals  extend  in  various  directions ;  the 
chief  of  these  is  that  branch  which  connects  the  Severn,  Bris- 
tol, Liverpool,  and  Hull.  Another  canal  unites  the  Severn 
with  the  Mersey ;  and  from  Coventry,  the  centre  of  the  king- 
dom, canals  extend  to  the  Grand  Trunk  and  the  Cirand  Junc- 
tion. The  Union  Canal  is  44  miles  long,  from  1^-icestcr  to 
Northampton.  Gloucester  and  Hereford  arc  connected  by 
another  canal.  By  a  course  of  40  miles,  the  Severn  is  united 
with  the  Thames,  by  a  canal  from  Strand  to  Lerhtade.  The- 
Oxford  canal,  alter  a  course  of  92  miles,  joins  the  Coventry 
canal.  The  Grand  Junction  reaches  from  Brcnttoid,  on  the 
Thames,  and  joins  the  Oxford  canal  at  Braunston  in  North- 
amptonshire, after  a  course  of  90  miles.  On  the  south  of  the 
Thames,  another  canal  connects  Reading  and  Bath.  The  Lan- 
caster canal  stretches  74  miles  from  Kendal,  in  Westmoreland, 
to  West  Houghton,  in  Lancashire.  The  canal  from  I^cds  to 
Liverpool  winds  through  a  circuit  of  1 17  miles.  The  Rochdale 
canal  is  31 1  miles  long.  The  Peak  Forest  canal  is  lA  miles 
long ;  and  the  Chesterfield  canal  to  the  Trent  is  /W)  miles  long. 

The  chief  watering  places  are,  Bath,  Cheltenham,  Tunbridse, 
Harrowgate,  &c.  famous  for  their  salubrious  and  sulphureous 
springs.  On  the  sea-coast,  in  summer.  Brixhton.  Hamsgnte, 
Scarborough.  Margate,  Weymouth,  Dawlish,andSviansea,arr 
places  of  fashionable  resort. 

The  surface  and  climate  of  England  are  alike  varied  and 
unei|ual.  Thus,  Wales  is  celebrated  for  lot!>  iimuntains. 
broken  by  beautiful  and  extensive  valleys ;  the  MtniU  of  Eng- 
land is  generally  a  level  alluiial  soil ;  but  towards  the  Wash, 
in  Lincolnshire,  it  is  low  and  fenny.  Derbyshire  is  celebrated 
for  its  mountains  and  minerals.  The  north  of  Kni;:lHnd  is 
varied  by  hills,  dales,  and  lakes.  Here  the  scenei>  is  rich  and 
picturcsc|ue.  Winander  and  Conist on  mrm  (lake*)  beautify 
Lancashire;  Ulswater,  the  west  of  Westmorland:  BasM-n- 
thwaite  water,  and  Kesswick  or  Derwent-water,  arc  situated  lo 
the  south  of  Cumberland. 
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Tbeatmospheie  of'Eii|;hind.is  booiid/and^ence  tke  ireqveat 
okaili^es  of  weather^  hat  its  constant  agitation  oonduces  to 
that  perpetual  TeKdnre  wkich  co? ers  the  httd,  and  preserves  it 
from  those  extremes  of  heat  and  cold  to  whicb  other  oonntrles 
in  the  same  latitude  are  exposed. 

The  ohief  sea  ports  in  BngLand  are  London,  which  we  have 
already  noticed  ;  Liverpool,  the  second  port  in  the  kingdom, 
trades  prindpalljr  with  the  West  Indies,  the  East  Indies, 
America,  the  Baltic,  the  Mediterranean,  and  Ireland.  Bristol, 
next  to  Liverpool,  trades  with  Ireland,  the  West  Indies,  North 
America,  Hamhurg,  and  the  Baltic.  Hall,  reckoned  the  fourth 
port  for  commercial  business,  trades  in  coals,  com,  wool,  manu- 
factured goods,  with  every  country  in  Europe,  with  America,  the 
West  Indies,  &c.  Newcastle  and  Shields  supply  the  London 
market  witli  coals,  and  carry  on  some  trade  with  thefialtic,  and 
in  the  Greenland  fisheries.  -Whitby  hnildatDany  vessels,  and  has 
a  good  coasting  trade :  Gakisborough  has  some  coasting,  and  a 
little  foreign  trade ;  Boston  sends  vessels  io  the  Baltic,  and 
exports  oats  to  London ;  Lynn  supplies  most  of  the  inland 
counties  with  coal,  timber,  and  wine ;  it  exports  com  and  malt, 
•and  partakes  in  the  Greenland  fishery.  Yarmouth  is  a  con- 
siderable sea  port,  and  besides  the  coasting  trade,  sends  ships 
to  the  Baltic,  Holland,  Portugal,  snd.the  Mediterranean.  And 
the  Thames,  below  London  Bridge,  is  crowded  with  ships, 
which  convey  into  that  capital  the  commerce  and  wealth  of  the 
globe.  Chatham,  a  great  naval  arsenal,  is  well  defemled  by 
strong  fortifications ;  as  is  also  Portsmouth  harbour,  formed 
by  the  island  of  Portsea  and  the  Peninsula.  SouUiompton 
trades  with  France,  Jersey,  and  Guernsey  ;  and  Plymouth,  the 
most  considerable  harbour  in  England  for  a  navy,  has  a  good 
brisk  trade  in  war  time. 

The  chief  manufacturing  towns  are  Manchester  for  cotton 
goods,  Leeds  and  Wakefield  for  woollen  cloths,  Birmingham 
and  SheiBield  for  hardware  and  cutlery.  Cornwall  is  the 
chosen  depository  of  the  metals.  Wiltshire  is  famed  for  its 
superOne  broad  cloths. 

Scotland, — ^The  position  of  Scotland,  the  northern  portion  of 
Great  Britain,  has  already  been  indicated.  It  is  200  miles  long, 
and  about  160  miles  broad,  at  its  greatest  extremity.  Its 
Bupbrficial  contents  are  27,793  square  miles,  the  population 
2,100,000  souls ;  consequently,  there  are  nearly  72  inhabitants 
for  every  square  mile.  The  established  reUgionis  the  Presby- 
terian ;  but  there  are  numerous  dissenters. 

Scotland  is  divided  into  thirty-three  ooanties,  as  follow : 

In  the  Ncrth  are : 
The  Caumiies  cf,  whose  Chief  Towns  are, 

Orkney  (Isles), Kirkwall  and  Stromness. 

Caithness, Wick. 

Sutherland, Dornoch. 

Ross, Dingwall  andTalne. 

Cromarty,  Croamrtj. 

Inverness, Inverness. 

The  Midland  Division  consists  of, 

Argyle,  Inverary. 

Bute, Rothsay. 

Nairn, Nairn. 

Murray  or  Elgin,  Elgin. 

Banff  or  Bamfi*, Banff*  or  Bamfi*. 

Aberdeen,   Aberdeen. 

Meams  or  Kincardine, Bervie. 

Angus  or  Forfar, Montrose. 

Perth, Perth. 

Fife, St  Andrew's. 

Kinross, Kinross. 

Clackmannan,  Clackmannan. 

Stirling, SUrling. 

Dumbarton Dumbarton. 

In  the  South  are: 

West  Lotnian  or  Linlithgow,.  .Linlithgow. 

Mid  Lothian  or  Edinburgh, Edinburgh. 

East  Lothian  or  Haddington,.  .Haddington  and  Dunbar. 

Berwick  or  Merse, Danse  and  Lauder. 

Renfrew, Renfrew. 

Ayr, Ayr. 


TheCoymiks^,  mfkme  Chief  Ofk.^^  m.^ 

Wig^n  or  West  Galloway, .. .  .Wigton. 

Lanark  or  Clydesdale, .Olasgowand  Lmttrfc. 

Peebles  or  Tweedale, Peebles. 

Selkirk, (Mkirk. 

Roxburgh, Jedbur|^. 

Dumfries, Dumfries. 

Kirkudbrigbt  or  East  Galloway,  KIrkndbright. 

The  Scottish  isles  are  Bute  and  Airan  in  the  FrithttfClyde; 
the  Hebrides,  west  of  Cantyre,  are  Bay,  Jura, Mull,  ISraOyCol, 
lona.  Sky,  Lewis,  &c.    The  Orkney  islcfi  are  h 

the  main  land  by  the  Pentland  Fri&.    They  are ,^ 

number ;  but  the  chief  is  Pomona,  or  Mainlend,  vndiSsi 

pal  towns  Kirkwall  and  Stromness.    The  SbellaDd  islni, 

of  the  Orkneys,  are  forty-six  in  number ;  and  of  theae  twortj- 
six  are  inhabited.    The  chief  town  is  Larwiok. 

The  lakes  and  Friths  of  Scotland  most  noted,  ttae,  I«iii 
Ness,~Loch  Lochy,— Loch  Lomond,— Loch  Tij,  l_9th  A«e, 
and  Loch  Fyne.— The  Frith  of  Dornock,— the  Murray  Frith^ 
the  Frith  of  Tay,--the  Frith  of  Forth,— the  Sol<VMty  i'liih,  ud 
the  Frith  of  Clyde.— A  Frith  is  an  arm  of  the  sea,  ruMu^vp 
into  the  land ;  and  the  term  loch,  or  lake,  is  applied  isdifereatly 
to  a  piece  of  frcsh^water,  or  an -arm  of  the  sea.  Tbiia,LQeli 
Lomond  is  a  fresh  water  lake,  and  Loch  Fyoe  an  4ttm  of  the 
sea,  like  the  Frith  of  Forth. 

The  principal  mountains  are,  the  Cheviot  Hillo,  the  "Gmm- 
plan  Hills,  Ben  Nevis,  in  Invecnesshire,  4360  feet  above  Ike 
level  of  the  sea,  and  Ben  Lomond,  about  3200  feet  high.  Froa 
Ben  Lomond  a  spectator  sees  Bute,  Arran,  the  rock  of  Aihii, 
Ireland,  Pimlimmon  in  Wales,  Skiddaw  in  Cumberland,  kc 

The  chief  rivers  are  theSpey,in  Invernesshire ;  the  Devera, 
separating  Banff  from  Aberdeenshire  ;  the  Dee  and  the  Bsa, 
intersecting  Aberdeenshire  from  west  to  east ;  the  Tay,  f^iKfy 
into  the  German  ocean  below  Dundee ;  the  Forth,  the  anit 
beautiful  serpentine  river,  empties  itself  into  the  German  oceas 
below  Leith ;  the  Tweed,  at  Berwick  ;  the  Annan  falls  into  tie 
Solway  Frith  at  Annan ;  the  Nith  flows  by  Dumfries ;  Md  Ike 
Clyde,  after  washing  Lanark,  Renfrew,  Dumbarton,  Argjte- 
shire,  and  Bute,  empties  itself  into  the  Irish  sea  at  the  isles  sf 
Bute  and  Cumbras. 

The  canals  of  Scotland  are  those  of  Forth  and  Clyde,  fbe 
Caledonian  canal,  a  canal  fiom  Glasgow  to  Kil winning i  ssd 
one  projected  from  Glasgow  to  Edinburgh.  The  ForA  sod 
Clyde  canal  extends  from  the  mouth  of  the  Carron  and  fbrth 
to  Dalmuir  Burnfoot,  six  miles  below  Glasgow,  and  hi  its 
course,  passes  over  several  aqueducts,  the  chief  of  whkh  if 
that  of  Kelvin,  considered  one  of  the  finest  pieces  of  masonry 
in  the  world.  The  Cakdonian  canal,  80  miles  in  length,  opess 
a  communication  between  the  Murray  Frith  und  the  wesirm 
sea,  along  a  line  of  lakes,  from  Inverness  by  Fort  Aucustos 
and  Fort  William. 

The  surface  and  climate  of  Seotiand,  as  contrasted  with  those 
of  England,  may  be  thus  given  :~Tbe  coast  of  Scotland  is 
more  checquered  than  that  of  Bngland  ;  and  the  former  u  more 
diversified  by  lakes  than  the  latter.  In  the  north,  the  moan- 
tains  accumulate  and  precipitate  the  clouds  in  plentiM  Aon- 
ers  of  rain ;  the  air  is  therefore  colder,  the  soil  not  so  ridi,  tnd 
the  harvests  later  than  in  England.  The  chief  mountains  beit 
alluded  to  are  the  Grampian  from  Loch  Lomond  to  tiie  north- 
west of  Aberdeenshire  ;  and  the  Ochill  hills,  sooth  of  Perth 

The  productions  of  the  north  of  Scotland  are  cows,  iheep, 
and  horses,  all  small  in  sise,  but  valuable  to  their  owneHk  n 
the  south  and  west,  the  horses  and  horned  cattle  are  large  aid 
profitable ;  and  the  finest  grays  are  bred  in  AjrvKie.  TV 
Highlands  abound  in  timber  and  game ;  the  westani  aeas  aid 
lochs  in  cod,  ling,  salmon,  and  herrings. 

The  chief  seaports  of  Scotland,  are  Leith,  GreeBoA,Glasgow, 
Ayr,  Saltcoats,  Kilwinning,  Rothsay,  Aberdeen,  Dundee,  Icr. 
The  chief  manufacturing  places  are  Glasgow,  Faiiley,  Laatri 
Kilmarnock,  &c. 

/re/nnii.— Ireland  is  an  island  in  the  Atlantic  ooean,  to  fin 
west  of  Great  Britain.  It  is  about  300  miles  kmg,  and  180  at 
its  greatest  breadth.  Computing  its  superficial  contents  st 
30,370  square  miles,  and  its  population  at  6,OUO,000  of  sooh, 
there  will  be  164  inhabitants  to  each  square  iidle* 
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VrelMid  kdividad  into  foar  provinces  i—LnntUr,  in  tke  east, 
itaiuiii^  IweWe  ooooties.  Vkt^r^  in  tke  aorth,  containing 
aim  counties,  CwuMnyto,  in  the  west,  eootaining  five  ooun- 
ties ;  and  Mm  ter,  in  tne  sonth,  containing  six  eoonties. 

Tke  CmmIim  of  Lemuinr  otv: 


Coumiy. 

Dnblin 
Louth, 
IVicklow, 
Wexford, 
Longford, 
East  Meath, 
West  Meath, 
King's  County, 
Qneen*s  County, 
Killienny, 
Kildare, 
Carlov, 

Down, 
Armagh, 


Okie/  Towns. 

Dublin, 

Drogheda, 

Wicklow, 

Wexford, 

Longford, 

Trim. 

Mullingar. 

Plulipstown. 

Mar}  borough. 

Kilkenny, 

Kildare, 

Carlow, 


SiiumUoHiKe  Rner 
Liffey. 
Boyne. 
Irish  Sea. 
Slayney. 
Shannon. 
Boyne. 


Norc 


Barron. 


Wonagfaan, 

CaTan, 

Antrim, 

Londonderry, 

Tyrone, 

Fermanagh, 

I>OBegal, 

Leitrim, 


The  Counties  of  Ulster  ore: 

Down  Patrick,  Strangford  Bay. 

Armagh  and  CbnHe- 
mnnt. 


Bay  of  Carriokfergns 
Foyle. 

Loch  Bme. 
Foyle. 


Mayo, 

flHgo, 
©••way, 

Clare, 

Cork, 

Kerry, 

Limerick, 

Tipperary. 

Waterford, 


Monaghan. 

Cavan. 

Carriokfergns, 

Londonderr}', 

Omagh. 

Enniskillen, 

Li  fiord, 

The  Counties  of  Connaughi  are  : 

Carriok  on  Shannon. 
Roscommon. 
Castle  Bar  and  Bal- 

lenrobe. 
Sligo,  Sligo  Bay. 

Oslway. 

The  Counties  of  Munster  mre: 

Ennis. 

Cork. 

Tralee. 

Limerick,  Shannon. 

Tipperary  &  Clonmel. 

Waterford,  Suir. 

The  established  religion  and  ecclesiastical  discipline  of 
Ireland,  are  the  same  as  in  England.  But  the  prevailing  reli- 
gion is  the  Roman  Catholic ;  and  sectaries  of  rarious  denomi- 
•ntions  are  met  with  as  in  England. 

There  are  four  archbishopricks,  vis,  Armagh,  Dublin,  Cashel, 
mmI  Tnam. 

There  are  eifrhteen  bisbopricks,  vir.  Clogher,  Clonfert, 
Cloyne.  Cork.  Derrv,  Down,  Dromore,  Elphin,  Kildare,  Killala, 
Kilmore,  Killaloe,  Leighlin,  Limerick,  Meath,  Ossory,  Raphoe, 
and  Waterford. 

There  is  only  one  University  in  Ireland,  namely,  that  of' 
Dublin ;  the  Royal  College  of  Maynooth  is  for  the  education 
«f  young  men  of  the  Roman  Catholic  religion. 

The  chief  cities  are  Dublin,  the  capital,  about  ten  miles  In 
circumference,  contaiuiac  TiO.OOO  inhabitants;  Cork,  the 
■aciopd  city,  has  a  population  of  HO.OOO  inhabitants,  and  Is  the 
graad  market  of  Irish  provisions;  Limerick,  the  third  oity, 
eoutaining  00,000  inhabitants,  exports  beef,  hides,  tallow,  and 
fcutter.  Waterford  has  36,000  inhabitants,  and  exports  similar 
unmasodities.  Galway  carries  on  a  trade  with  the  West  Indies ; 
Sligo  is  an  increasing  town,  and  Castlebar  is  also  prosperous. 
Londonderry  is  not  so  famous  for  its  commerce  as  for  its  ancient 
and  military  fame.  But  Belfast.  oriKinally  a  Scottish  colony, 
now  boasts  a  population  of  20.000  people,  employed  in  the 
ilactnre  of  cotton,  cambric,  sail-cloth,  linen,  white  glass, 
ir,  and  earthenware.  Dnndalk  manufactures  linens  and 
;  Drogheda  exports  grain ;  and  Wexford  is  noted  for 
Its  woollen  manufactories. 

A  canal  joins  Dublin  by  an  inland  navigation  with  Limerick 
WaterlDrd ;  and  there  is  another  oanal  from  Newry  to 


Loch  Neagh.  The  principal  rivers  are,  the  Shannon,  ilir  .Suir, 
the  Blackwater,  the  Bann,  and  the  LilTey.  And  tlic  ch  i^flUkes 
are,  Loch  Smc,  Loch  Neagh,  Loch  Corrib,  Loch  Rca,  and 
Loch  Derg. 

The  climate  of  Ireland  is  mild,  and  favourable  to  vegetation. 
And  the  tiace  of  the  country  is  more  level«  fertile,  and  abundant 
in  pasturage  than  Scotland.  But  the  farmers  are  oppressed 
by  speculators,  called  middle  men^  who  rent  farms  from  the 
landlords,  and  let  them  to  the  real  occupiers ;  these  last  suffer 
equally  with  the  proprietors,  from  this  shocking  s}Stem. 

Among  the  natural  curiosities  of  Ireland,  we  must  not  omit 
the  picturesque  Lake  of  Killarney ;  the  Isle  of  Innisfttllnn, 
venerable  and  romantic;  and  the  Giants'  Causewav,  6U)  feet 
In  length,  aud  from  130  to  240  feet  in  breadth,  and  from  sixteen 
to  thirty-six  feet  above  the  level  of  the  strand.  This  cause- 
way, which  is  situated  about  oif^ht  miles  north-east  from  Cule- 
raine,  consists  of  manv  thousand  pillars,  mostly  in  a  vertical 
position,  some  high,  others  broken,  but  in  getu-ral,  suSiciently 
level  to  form  a  pavement  projecting  into  the  sea  to  an  exteMt 
unknown  to  man. 

The  isles  belonging  to  Ireland,  are  Laml»ry,  north-east  of 
Dnblin;  at  the  south-eastern  extremity  appear  the  Saltee  isles 
and  the  rocks  of  Tashard ;  Clare,  at  the  soutiiern  extremity,  is 
chiefly  famed  for  its  promontory.  Cape  Clear.  The  Hog  Islands, 
the  Skellegs.  Valentia.  and  the  Blaiikrts.  arc  on  the  nortb-weat. 
and  off  the  coast  of  Kerry.  The  South  Arran  Isles  lie  in  the 
Bay  of  Galway,  and  the  islands  of  North  Arran  are  off  the 
coast  of  DonegiU. 

Sweden^  Lmplmnd,  smd  Norscmjf, — Sweden,  on  the  north-west 
of  Europe,  is  1 160  miles  in  length,  and  from  the  Norwegian 
Alps  to  the  limits  of  Russin,  about  600  miles  in  breadth.  The 
contents  in  square  miles  are  2084^112,  and  the  inhabitanu  being 
reckoned  3,000,000,  there  will  be  14  to  every  square  mile. 

Sweden  is  divided  into  several  provinces,  viz,  Sweden  pro- 
per. West  Noriand,  Swedish  Lapland,  East  Bothnia,  Finland, 
and  Norway. 

The  established  religion  is  Lutheran.  Tliere  are  one  arch- 
bishopric, thirteen  prelacies,  and  2637  parishes.  The  priests 
are  in  number  1378,  with  134  vicars,  and  102  inspectors. 
^  The  government  is  absolute  monarchy  ;  and  the  diet,  or  par- 
liament, consists  of  nobles,  landed  gentlemen,  clergy,  bur- 
gesses or  deputies  of  towns,  and  those  of  the  peasantry. 

Sweden  possesses  only  one  colonial  possession,  the  island  of 
St.  Bartholomew  in  the  West  Indies.  Its  army  is  about  48,000 
men ;  and  its  navy  about  twenty  ships  of  the  line.  The  revenue 
about  £1.500.000 ;  the  national  debt  £10.000.000  sterling. 
^  In  their  manners,  the  Swedes  affect  tlie  politeness  and  frivo- 
lities of  the  French ;  the  men  arc  commonly  robust,  the  women 
slender  and  elegant 

The  Universities  are  those  of  Upsal.  containing  aboot  500 
students ;  Lunden,  300 ;  and  Abo,  equalling  that  of  Upsal. 

The  chief  towns  are  Stockholm,  the  capital,  built  on  seven 
small  islands,  and  resenihlinfc  Venice,  but  with  greater  diversity 
of  prospect,  and  scenery  more  truly  singular  and  romantic. 
Upsal,  the  only  archbishopric,  contains  about  9000  inhabitants, 
exclusive  of  the  students.  Gothenburgh,  in  West  Gothland, 
has20,<KK)  inhabitants,  and  carries  on  considerable  commerce, 
and  a  brisk  herring  fishery. 

Carlskrona,  founded  by  Charles  XI.  in  16B0,  cootaiiis  aboat 
11,000  inhabitants:  and  Abo,  in  Finland.  8750. 

Sweden  manufactures  iron  and  steel,  copper  and  brass, 
cloths,  hats,  watches,  and  sail  cloths.  The  miners  amount 
to25.»)0. 

The  great  forests  of  Sweden  and  Norway  consist  chiefly  of 
pine  and  fir,  spruce  fir ;  the  former  is  called  the  retf,  the  latter 
the  white  wood  of  commerce. 

The  winter  maintains  a  lengthened  and  dreary  sway  in  the 
north  of  Sweden  ;  and  the  gulf  of  Bothnia  becomes  one  vast 
field  of  ice.  In  the  south,  Sweden  resembles  Scotland  in  tem- 
perature of  climate.  In  the  north,  on  the  other  hand,  in  the 
summer,  the  climate  is  hot,  from  the  great  length  of  the  days, 
and  the  reflection  of  the  sun*s  rays  from  the  numerous  moun- 
tains ;  for  at  Tornea,  in  Swedish  Lapland,  the  sun  never  sets 
for  some  weeks  together.  The  Aurora  Borealis  sheds  its  ruddy 
light  through  the  sky,  and  cheers  the  darkness  of  the  winter. 

Sweden  ii  oiore  diveraified  than  any  coootry  of  Kawipa 
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except  Switserland:  eiUnsive  lakes,  large  pellacid  Tirers, 
winaing  streams,  foamingp  cataracts,  gloomy  fofests,  Terdant 
Tales,  and  rocks  piled  on  roeks,  on  all  hands  greet  the 
traveller. 

The  Swedish  rivers  are  numerous,  on  account  of  the  lakes 
and  mountains.  The  chief  arc  the  Elfs,  the  Gotha,  the  Motalo, 
the  Dahl,  and  the  Bothnia.  Th^  lakes  are  those  of  Wener, 
Weter.  Meier,  Hielmar,  Stor,  Enara,  Hernarba  Staer,  or  the 
great  lake,  Tornea,  and  the  Pajana  in  Finland,  eighty  miles  in 
length,  and  fourteen  miles  in'  breadth. 

The  chief  mountains  are  those  which  divide  Sweden  and 
Swedish  Lapland  from  Norway;  and  from  these,  successive 
ranges  diverge  in  a  south-east  direction.  The  centre  of  this 
chain,  like  that  of  the  Pyrenees,  is  the  loftiest  part,  and  it 
declines  towards  Lapland. 

There  are  few  species  of  trees  in  Sweden  beside  the  6r,  the 
mountain  ash,  the  alder,  the  birch,  and  the  willow;  but  in  the 
south,  the  lime,  the  elm,  the  ash,  and  the  oak  flourish.  And 
the  inner  bark  of  the  6r,  mixed  with  rye-meal,  furnishes  to  the 
poor  a  coarse  bread  in  time  of  scarcity. 

The  Swedish  horses  are  small,  but  of  good  mettle.  The  bear, 
the  lynx,  the  wolf,  the  beaver,  the  otter,  the  glutton,  the  flying 
squirrel,  the  rein-deer,  falcons,  eagles,  ducks,  geese,  and  an 
infinite  variety  of  game,  are  found  in  Sweden,  and  Swedish 
Lapland. 

The  mines  of  Sweden*  are  the  grandest  in  Europe ;  as,  the 
ffold  mines  of  Adelfors,  in  the  province  of  Smolnnd  ;  the  silver 
mines  of  Sal  berg,  thirty  miles  west  of  Upsal ;  the  copper  mine 
in  Delecarlia;  the  iron  mines  of  Danamora;  and  an  entire 
mountain  of  iron  ore,  near  Tornea,  in  Lapland. 

The  Swedish  islands  in  the  Baltic  are,  Rugcn,  Oeland,  Goth- 
land, and  the  isles  of  Aland,  at  the  entrance  of  the  Gulf  of 
Bothnia. 

IVortray.— Norway,  ceded  to  Sweden  by  Denmark,  in  lieu  of 
Pomerania,  is  divided  into  Christiansand,  Aggerhaus,  Bergen, 
Drontheim,  Norland,  and  Finmark.  The  population  is  esti- 
mated at  700,000,  and  has  remained  pure  and  unmixed  by  con-v 
Quests ;  hence,  the  Norwegians,  the  descendants  of  the  ancient 
ins  and  Laps,  still  retain  the  muscular  frame,  the  fresh  -coun- 
tenance, and  the  yellow  or  red  hair  of  the  Normans.  The 
Peasantry  are  frank  without  ostentation,  and  undaunted  with- 
out insolence.  Their  ordinary  dress  is  grey,  with  red  button- 
holes, and*  white  metal  buttons ;  and  the  women  dress  in  a 
petticoat  and  shift,  with  a  close  collar  round  their  throat,  aiM 
a  black  sash.  The  Laplanders,  or  Norwep:ians  of  Finmark  or 
Lapmark,  are  of  a  small  size,  generally  about  four  feet,  with 
large  heads,  high  cheek-bones,  swarthy  complexions,  wide 
mouth  and  thick  lips,  dark  eyes,  and  short  black  hair.  Their 
usual  dresses  are  red  caps  lined  with  fur,  and  robes  of  cloth 
or  skin. 

The  religion  of  Norway  is  the  Lutheran,  and  there  are  four 
bishoprics.  The  parochial  clergy  are  maintained  by  their 
glebes,  tithes,  and  surplice  fees. 

In  Lapland,  the  sun  is  absent  for  seven  weeks  at  a  time ;  but 
the  stars  are  then  visible,  and  from  ten  to  one  in  the  day  time 
there  is  a  kind  of  twilight,  by  which  a  person  may  see  to  read 
without  artificial  light. 

There  are  four  grammar  schools  in  Norway,  and  a  special 
seminary  for  the  Laplanders  at  Bergen. 

The  chief  towns  of  Norway  are  Bergen,  the  capital,  contain- 
ing a  population  of  19,000  souls ;  Christiana,  with  a  population 
of  10,600  inhabitants ;  and  Drontheim,  the  ancient  residence  of 
the  kings  of  Norway,  8,000  souls.  The  chief  products  of  Nor- 
way are  wood,  goats'  hides,  silver,  copper,  iron,  &c. 

Though  the  most  mountainous  country  in  the  world,  Norway 
boasts  a  salubrious  atmosphere ;  its  inhabitants,  in  general, 
attain  a  good  old  age ;  and  though  the  weather  in  winter  is 
cold,  the  harbours  arc  seldom  frozen.  The  highest  land  is 
2,6&5  feet  above  the  level  of  the  sea  ;  the  loftiest  vale,  2,000 
feet;  and  the  pine  prows  at  an  elevation  of  3,000  feet. 

The  chief  river  in  Norway  is  the  Glomen,  full  of  cataracts 
and  shoals;  yet  50.000  trees  are  annually  floated  down  its 
stream  to  Fredcrickstadt.  Next  in  consequence  is  the 
Dramme,  then  the  Louven,  the  Torrisdals,  the  Tana,  and  the 
Alten.  The  lakes  are  those  of  Mioss,  Rands,  Tyri,  and  Foc- 
moDd.    The  first  is  sixty  miles  long,  the  second  fifty,  but  not 


more  than  two  in  breadth,  the  third  is  fifteeb  miles  loiig«  and 
exhibits  an  enchanting  picture  of  bays  and  creeks,  diversified 
by  corn-fields,  fertile  meadows,  and  hanging  forests ;  and  the 
last  is  thirty-five  miles  long  and  eight  broad.  The  Maelstroem, 
a  whirlpool  on  the  sea-shore  of  Norland,  proves  dangerous  to 
boats,  and  even  to  the  majestic  whale. 

The  Danish  Dominions. — The  kingdom  of  Dennuark  consists 
of  Zealand,  Holstein,  Lunenberg,  Jutland,  Iceland,  and  the 
Feroe  Islands.  Zealand  is  an  island  at  the  entrance  of  the 
Baltic ;  Holstein  and  Lunenberg  border  on  Germany ;  Jutland 
is  a  tongue  of  land  projecting  from  the  continent  at  Holstein; 
Iceland  is  a  large  island  in  the  Arctic  Ocean  ;  and  the  Feroe 
Islands  lie  north-west  of  Shetland. 

The  established  religion  is  the  Lutheran ;  and  in  Denmark 
proper  there  are  six  bishoprics,  and  two  in  Iceland.  The 
chief  see  is  that  of  Zealand,  which  yields  about  £1,000  per 
annum.  The  parochial  clergy  are  maintained  by  their  glebes, 
tithes,  and  surplice  fees.  In  Jutland,  however,  some  of  the 
livings  do  not  exceed  £20  a  year.  The  government  is  absolute 
monarchy,  but  exercised  with  mildness. 

The  population  is  about  two  millions  and  a  half,  the  square 
contents  of  territory  180,000  miles,  therefore  there  are  twelve 
inhabitants  to  a  square  mile.  The  army  is  about  70,000  men. 
The  revenue  of  Denmark  is  £543,654  ;  Sieswick  and  Holsficia, 
£300.000 ;  the  West  India  islands,  £262,000 ;  the  customs  at 
the  Sound,  £122,554;  Altona,  £3,150.  The  maintenance  of 
the  government  amounts  to  £1,050,000.  The  national  debt  ii 
£2,600,000. 

The  colonial  possessions  are  Tranquebar,  on  the  coast  of 
Coromandel ;  Christiaoburgh,  on  the  coast  of  Guinea;  a  smiQ 
part  of  Greenland ;  St.  Jan,  St.  Thomas,  and  St.  Croix,  in  the 
West  Indies. 

The  Danish  peasantry  are  vassals,  idle,  dirty,  and  dispirited; 
but  the  superior  classes  differ  little  from  their  neighbours  os 
the  continent  of  Europe.  Every  parish  of  Denmark  is  prorided 
with  two  or  three  schools ;  and  the  masters  teach  the  yoaili 
their  native  language,  writing,  and  arithmetic.  But  in  Hol- 
stein there  are  sixteen  grammar  schools,  eleven  in  Sieswick, 
and  nineteen  in  Jutland  or  Denmark  proper,  maintained  9l  the 
royal  expense.  The  universities  are  those  of  Copenhages 
and  Kiel. 

The  chief  cities  are  Copenhagen,  the  capital,  in  the  island  of 
Zealand,  with  90,000  inhabitants ;  and  Altona  on  the  Elbe, 
close  to  Hamburgh,  with  a  population  of  25,000  inhabitaots. 
At  Elsinore,  all  foreign  ships  entering  the  Baltic,  pay  a  toll  or 
custom-due.  The  canal  of  Kiel,  twenty  miles  in  length,  anites 
the  Baltic  with  the  Eyder,  which  falls  into  the  German  sea. 

Denmark  exports  corn,  horses,  and  black  cattle ;  butter,  fisb, 
tallow,  hides,  oil,  tar,  pitch,  resin,  and  timber;  and  ii  imforU 
silks,  broad  cloths,  wine,  brandy,  salt,  furniture,  and  colonial 
produce. 

The  soil  of  Jutland  and  Holstein  resembles  that  of  England; 
and  the  process  of  agriculture  is  excellent  in  the  south. 

The  chief  river  is  the  E>dar,  the  ancient  boundary  between 
Denmark  and  Germany.  In  Denmark  proper,  there  are  soisc 
hills  and  forests,  but  no  mountains. 

Iceland  is  260  miles  long,  200  broad,  and  contains  50,000 
inhabitants.  This  island  is  famous  for  its  volcanic  moont 
Hecla,  its  boiling  springs,  sulphureous  rivers,  and  the  litera- 
ture of  its  natives. 

The  Feroe  Islands,  seventeen  in  number,  have  a  popuIatioQ 
of  5,000;  but  though  not  unfertile,  their  products  are  scanty; 
and  they  are  chiefly  famed  for  many  singular  ranges  of  basaltic 
columns. 

The  Russian  Empire. — Russia  is  the  most  extensive  tta^ 
in  the  world ;  its  length  being  9,200  miles,  its  breadth'2,400 
miles,  and  its  superficial  contents  1,200,000  square  miles,  l^ 
entire  population  is  fifty  millions  of  inhabitants,  thousands  ot 
whom  are  mere  barbarians  and  savages. 

Its  religion  is  the  Greek  Church ;  the  clergy  are  67,000,  and 
are  exempt  from  taxes.  There  are  thirty  bishoprics,  18,^ 
cathedrals  and  parish  churches  in  this  empire ;  the  mona^terits 
are  480;  the  monks  7,300;  the  nunneries  741,  and  the  nnos 
3,000. 

The  government  is  a  military  despotism  ;  the  laws,  the  wi» 
of  the  emperor ;  and  the  provinces  are  managed  by  viceroji* 
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The  irrealer  ptrt  •€  the  petatrntry  or  boon  rnn  wefh  or  ilayoi  \ 
and  ID  the  bank  beloofiiif^  to  the  foveraaient,  a  alavv  was  wont 
to  be  takes  ia  pawn  for  forty  roublet! 

The  ehicf  eolooies  of  Russia  are  on  the  eastern  coast  of  the 
A  sialic  eoBtinent ;  her  amy  is  imniense,  but  her  navy  iooon- 
sidrraUe ;  the  revenue  is  not  above  £12,000,000;  but  there  is 
hardly  any  national  debt. 

The  manners  and  rustoms  of  the  Rnssians  are  as  vaiious  as 
thefr  distinct  countries  or  races  (  and  maj  be  viewed  as  those 
wt  the  Laplander^  the  Tartar,  ^  Asiatie^  the  Pariiian,  and 
the  Pole. 

The  chief  towas  are  Moscow*  Peterslniffich,  Archaiifcel,  To» 
bolsk,  IrkuUik,  Re%ol,  Aatracan,  Cherson,  Smolensko,  6cc. 
Moscow  contained  1.0<I0  plaees  of  public  worship,  before  it 
waa  hnmed  in  1812,  and  its  public  bnildings  were  the  mort 
■MUnihocnt  in  Europe.  Petersburich  boasts  an  extensive 
eonmerce ;  Cherson  is  the  chief  mart  in  the  south  of  Rnssia; 
tmd  Astracan  carries  on  much  trade  vrith  Persia  and  India. 

Russia  has  an  extensive  inland  navig;ation  of  2,400  miles^ 
between  the  Baltic  and  Caspian  seas.  Its  msnufactares  are 
carried  on  with  spirit,  prosperil},  and  profit;  and  its  internal 
ami  forriiCB  coninierce  is  very  considerable.  The  climate  of 
Raasia  Is  various,  on  account  of  its  jgreni  extent,  both  north 
ami  south.  In  the  north,  the  urinters  are  intensely  cold ;  in 
the  soath.  they  are  mild ;  and  summer  in  both  is  warm  and 
ipenial.  The  soil  is  various,  pasturage  is  abundant,  and  thoo|(h 
the  harvests  arc  plentifoU  afcricoltnre  is  conducted  with  fcreat 
»efcli|:eiice.  The  rivers  of  Rassia  are  numerous,  and  fpenerally 
OB  n  f^rand  scale ;  as,  for  instance,  the  Volga,  the  sovcretfcn  of 
Bntopean  rivers ;  the  Don  or  Tanais ;  the  Neiper  or  ancient 
Boristhenes  ;  the  Dwtna ;  the  Bofc,  or  Hypnnis  ;  the  Niester ; 
the  Narva ;  the  I>una ;  and  the  Niemea.  The  lakes  are  those 
of  Imandra,  in  Russian  Lapland  ;  One^ca,  IdO  miles  lon|c  and 
thirty  broad,  and  Ladojca,  130  miles  lonf^,  and  thirty  broad,  in 
the  icovemment  of  Ouets;  the  lake  Peypos,  sixty  miles  km% 
by  thirty  broad ;  the  lake  Ilnwn ;  the  Beilo,  or  Uliite  Lake ; 
had  the  Sdifcer,  in  the  i^overnment  of  Tver. 

The  monntains  are  those  of  Olonetx  and  I'ral,  which  separate 
Barope  from  Asia,  lint  in  general,  Russia  is  a  desert  and 
level  country. 

The  animals  peculiar  to  Russia  are  bears,  m-olvcs.  lynxes, 
elks,  camels,  horses,  sheep,  reindeer,  poultry,  game,  &c.  The 
■nnea  nre  cMefly  iron  ore,  ot  Douffoa,  near  Smolensk ;  but  in 
the  Urniisni  mountains  f?nld  has  been  discovered. 

Ansong  the  natural  curiosities,  the  grotto  of  Kurgur,  on  the 
waters  aide  of  the  Uralian  mrmntains,  is  of  great  extent,  con- 
tansng  many  subterraneous  lakes  and  meadows.  The  iee> 
ktiys  which  ftoat  In  the  Arctic  Ocean  reflect  aU  the  colours  of 
the  rasBhow^  ami  seem  so  many  cathedrals  of  crystal,  adorned 
with  fflver  pinnadcs. 

The  chief  islands  belonging  to  Russia,  are  Crnnsladt,  in  the 
0«lf  of  Finland;  Oesel  and  l>ago,  in  the  Baliir.  pHipled  by 
Batoninna,  or  Livonians;  Nova  Kembia,  in  the  WIrite  Sea; 
SpksbcTgen ;  the  dreary  group  of  isles  called  the  Seven  Sisters ; 
the  Knmtschadalc  Islmids,  cimiprising  the  kurtic  isles,  the 
Aleatima  Islands,  and  the  Ronaiski  group. 

I^imtim — Pruaaia  dates  its  oonsequenre  as  a  kingdom 
nmong  the  states  of  Europe,  at  the  commencement  of  the  18th 
ccatnry.  Its  acquisition  of  territory  since  1RI4,  has  been  con- 
•klevmbly  increased  by  Russia  and  (W-eat  Britain,  that  the 
*  *  e  of  power  migbt  be  more  advanlsgeously  distributed 
^n  the  north  and  the  south  of  Europe.  The  extent  of 
is  now  about  800  miles  long  by  aoo  broad ;  and  it 
imuiprubends  the  ftillom  ing 
|>trfJioifi. 

1.  The  Kingdom  of  Prussia, 

1.  PoKsh,  or  Western  Russia, 

3.  Part  of  Silesia, 

4.  Elnctomte  of  Brandenburg, 
a.  Part  of  Pomcrania, 
0.  Part  of  Lower  Saxony, 
7.  P«t  of  Westphalia. 


Ttrn-Hs. 

liirrrt. 

Koniesborg, 

Pregnl, 

Danfaic; 

ViitiJa, 

Hreslaw, 

Oder, 

Berlin, 

Spree, 

Stettin, 

Oder, 

Magdeburg, 

Kllie, 

KmlKlen. 

Kms. 

The  population  is  estimated  at  nine  millions :  and  in  their 

and  customs,  the  Prussians  resemhie  their  German 

Tbey  are»  in  general,  industrious,  honest,  and 


The  religion  ts  Ptotestast,  nnder  the  two  divlsloBS  of  Lothe^ 
ran  and  Calvinistic ;  though  b^  its  recent  acqdisithMis  Prussia 
has  now  many  Roman  Catholic  subjects,  fte  power  of  the 
clergy  is  inconsidcraMe.  The  government  approaches  a  nlll>- 
tary  despotism,  supported  by  an  amy  of  200,000  troops ;  and 
the  perpetual  supply  of  recruits  for  this  force,  creating  a  cob» 
stant  uncertainty  of  destination  for  life,  impedes  greativ  the 
national  education.  The  universities  are  those  of  Frank foH 
on  the  Oder;  Konigsberg  and  Pasna  or  Pasen.  The  chief 
towns  art;  Berlin,  the  capital,  containing  a  population  of 
142.000  inhabitaats ;  Koidgsbetig.  dO,000 ;  Breslaw,  the  capital 
of  Silesia ;  Brandeabui^;  Frankfurt  on  the  Oder;  Magdeburg; 
Neufchatel ;  Stettin,  and  Thorn. 

The  manufactures  of  Prussia  are  chiefly  glass,  iron,  brass, 
paper,  woollen  cloth,  and  silk,  mostly  for  home  consumption ; 
and  the  exports  are  timber,  corn,  tallow,  skins,  leather,  flax, 
hemp,  and  linens,  which  pass  for  Dutch  manufarture. 

in  general  the  climate  of  Prassia  is  cold  uad  moist ;  and  the 
loaer  parts  of  Silesia  are  the  most  healthy.  Though  Prassia 
pniper  is  fertile,  the  vrhole  district,  from  Berlin  to  Potsdam, 
resembles  a  m  ilderness ;  and  the  peasantrf  are  oppressed  by 
taxation  and  levies  for  the  army. 

The  chief  rivers  are  the  Elbe,  the  Spree,  the  Havel,  the 
Oder,  the  Vistula,  the  Pregal,  and  the  MemH.  The  lakes  are 
the  Spelding-Sec,  and  the  estuaries  of  the  Oder,  the  Vistula, 
and  the  Memel,  called  respectively  the  Grass  Hafl',  the  Frisce 
HaflT,  and  the  Curisehe  Half.  The  mountains  are  chiefly  situ- 
ated in  Silesia,  and  may  be  eonsidered  as  northern  t>ranclies  of 
the  Carpathian,  yet  in  the  north-west  part  of  Silesia,  the  Spits- 
berg  and  Graftaberg  are  detached  mountains,  somewhat  less 
elevated  than  the  Carpathian  chain. 

Silesia,  bordering  Hungary,  presents  continuous  forests ;  and 
the  fbrest  of  Mass  via,  not  for  from  Warsaw,  is  a  famous  haunt 
of  the  Urns,  or  wild  cattle  of  Lithnania.  Prussia  possesses 
some  iron  foanderies;  coal  is  found  in  Silesia  ;  and  the  Sam- 
land  shore  of  the  Baltic  is  the  repository  of  amber. 

6*mii«nif.-~Germany  is  situated  in  the  middle  of  Europe : 
its  length  is  (>00,  and  its  breadth  dOO  miles.  This  country  is 
chiefly  remarkable  fur  it.«  political  subdivisions  into  electorates, 
grand  duchies,  duchies,  marquisates,  principalities,  bishop- 
rics, and  free  cities.  These  are  all  independent  states  united 
by  a  political  tie,  under  the  title  of  the  (iermanic  dmfeilrmtifm. 

The  commonly  received  division  of  Germany  is  into  nine 
parts,  called  circles ;  namely, 

Tkret  yvrtkem,  Tkrer  MiHtiU,  Three  fhutherJi. 

Westphalia,  Lower  Rhine,  Swabia, 

Lower  Saxony,  Upper  Rhine,  Bavaria, 

I'pper  Saxony.  Franeonia,  Anitria. 

iVole. — ^Tfaese  circles  are  again  su)Kli\idf*d  intoprinrt|>altTTev, 
electorates.  Sec.  among  more  than  200  independent  pritM-rn; 
hot  Lubcck,  Frankfort,  Bremen,  and  Hamburg,  are  sovereign 
Slates,  governed  by  their  own  magistrates. 

The  climate  of  Germany  is  temperate,  inclined  rather  to 
rold  than  beat,  and  the  soil  is  rich  and  fertile  both  for  corn 
and  pasture. 

In  their  character  the  Germans  are  open  and  free ;  inured 
to  labour,  they  are  dexterous  in  manfifsrtnres,  fruitful  in  in- 
ventions, and  VI  hen  called  into  the  army  make  good  soldiers. 
The  population  is  twenty-five  millions,  and  tbe  army  400,000 
contingent  tnwps. 

The  religion  of  north  Germany  is  the  Reformed  or  Protestant, 
while  in  the  south  the  Roman  CathoKr  faith  prevails.  And  the 
government  is  aristocratical,  but  its  chief  magistrate  may  be  of 
the  Catholte,  the  Lutheran,  or  the  Cahinistic  faith. 

The  chief  rivers  are  the  Elbe,  the  Weser,  the  RMne,  and  the 
Danube.  The  chief  towns  are  Dresden.  Meis^rn,  Wiilen- 
bnrg,  Magdeburg,  and  Hamburg,  on  the  banks  of  the  Elbe : 
Be  vera,  Mlnden,  and  Bremen,  on  the  bank^  of  the  Weser ; 
Ousseldorf,  Coblents,  Heidelberg,  on  the  Rhine;  I'lm,  Neu- 
burg.  Ratisbon,  Passau,  Vienna,  and  Presbnrg,  on  the  Danube  ; 
Munich,  Prague,  Stutgard,  and  Frankfort. 

The  chief  lakes  are  those  of  Plan,  in  the  duchy  of  Mrrklen- 
burg :  the  Baden-Sec,  or  lake  of  Constance :  and  the  (Miietn- 
See,  in  Upper  Bavaria.  The  mountains  arc  those  of  the  Harts, 
forming  a  fine  amphitheatre,  3000  feet  hipch  at  the  great  Broken, 
iU  greatest  ridge ;  the  Mlnden  Hills  in  Weitpbalia ;  the  Brvge- 
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bergy  or  MeUllie  Moontafn,  extending  between  Bohemia  and 
Saxony,  and  sapplying  silver,  tin,  and  other  metab ;  the  moan* 
tains  of  the  Black  Forest ;  the  Tyrolese  Alps ;  and  the  Carpa- 
thian chain.  The  Dromlinf^-wald  (forest)  is  to  the  north  of 
Magdebnrgp;  the  SolHnge-wald,  are  the  woody  monntnins  of 
the  Hart^ ;  the  Lntten-wald  is  the  Tharingian  forest ;  in  the 
south  is  the  forest  of  Spessart ;  the  Black  Forest  is  south  of 
the  Mayn  in  Swabia.  The  oak  is  the  prevailing  tree  in  all 
these  forests ;  and  the  wild  boar  feeds  on  its  froit. 

The  chief  German  states  on  the  north  of  the  Mayn,  are 
Saxony,  Brunswick,  Lunenburg,  Hessia,  Mecklenburg,  the 
duchy  of  Branswick,  the  dty  of  Hamburg,  some  smaller  states, 
and  the  ecclesiastical  powers. 

Saxonif. — In  this  division  the  Elector  of  Saxony  is  the  chief 
potentate,  and  his  dominions,  (which  include  Saxony  proper, 
voigtland,  in  the  sooth;  Lusatia,  in  the  east;  apartofTbu- 
ringia,  in  the  west;  and  a  part  of  Misnia  and  Heneberg«) 
extend  from  east  to  west  200  miles,  and  from  north  to  south 
about  130  miles. 

The  religion  of  Saxony  is  the  Protestant ;  the  bishoprics  are 
Merseberg  and  Nauraberg ;  the  sovereign  can  issue  no  laws 
without  the  consent  of  the  nobles,  the  clergy,  and  the  burgesses, 
who  assemble  sextennially  to  regulate  the  taxes  and  imposts ; 
the  army  is  computed  at  24,000  men. 

The  chief  cities  are  Leipsic,  the  celebrated  mart  of  German 
literature,  with  a  population  of  30,000  inhabitants ;  and  Dres- 
den, with  a  population  of  60,000  inhabitants.  The  chief  manu- 
factures are  thread,  linen,  laces,  ribbons,  velvets,  carpets, 
paper,  colours,  glass,  and  porcelain. 

Saxony  is  famous  for  its  tin,  copper,  lead,  iron,  and  silver 
mines ;  and  its  agricultural  products  are  both  numerous  and 
plentiful.  Indeed,  the  country  between  Meissen  and  Dresden 
rivals  the  north  of  Italy,  and  many  parts  of  Germany  are  in- 
debted to  it  for  hops,  flax,  hemp,  tobacco,  saffron,  madder, 
and  wine. 

The  Kingdom  of  Hanover. — The  electorate  of  Brunswick 
Lunenberg.  or  Hanover,  has  been  erected  into  a  kingdom 
dependent  on  Great  Britain,  since  the  peace  of  Paris  in  1814. 
This  electorate  comprises  Luneberg,  Bremen,  Yerden,  and 
Saxe  Lunenberg,  adjacent  to  Holstein,  on  the  north  bank  of 
tibe  Elbe.  In  the  soath  it  has  Calenburg,  and  Grnbenhagen ; 
in  the  west  Diepholtz  and  Hoy  a ;  and  Danueberg  in  the  east 
Its  length  is  180  miles  from  east  to  west,  and  about  100  from 
north  to  sooth. 

The  religion  is  Lutheran,  and  the  government  is  condocted 
by  a  council  of  regency,  appointed  by  the  king  of  Great 
Britain. 

The  chief  towns  are  Hanover,  containing  about  16,000  inha- 
bitants; Gottingcn,  7,600  souls;  Verden,  Luneburg,  Lunen- 
burg, Zell,  Einbeck,  and  Osterode.  The  manufactures  are 
linen,  cotton,  and  broad  cloths ;  the  exports,  metals,  linens, 
timber,  cattle,  and  grain  ;  the  agricultural  products  are  wheat, 
rye,  barley,  oats,  peas,  haricots,  flax,  hemp,  tobacco,  madder, 
fruits,  potatoes,  &c. 

The  chief  rivers  are  the  Elbe,  the  Weser,  the  Leina,  the 
Aller,  the  Ilmenau,  and  the  small  streams  of  Loha,  Latter, 
Fuse,  and  Siber  ;  and  there  are  a  few  small  lakes,  as  those  of 
Dieplwitz  and  Stinhudder ;  but  the  forests,  thoogb  numerous, 
are  not  extensive. 

The  bishoprick  of  Osnabruck,  in  Westphalia,  is  considered 
an  appendage  of  Hanover.  A  prince  of  the  house  of  Hanover 
exercises  the  civil  and  criminal,  and  the  archbishop  of  Cologne, 
the  spiritual  superiority,  of  the  bishopric  of  Osnabruck,  whose 
inhabitants  are  computed  at  120,000  souls,  and  its  revenue  at 
£26,250  steriing. 

Hes9e  Cassel, — Hessia,  or  Hesse  Cassel,  is  about  eighty 
miles  long,  and  about  the  same  in  breadth.  Its  inhabitants  are 
about  760,000  souls ;  and  its  military  force  has  amounted  to 
12,000  men.  It  abounds  in  g^me  and  6sh,  fossils  and  minerals ; 
silver,  copper,  lead,  fine  clays,  marble,  and  alabaster  are  also 
found ;  and  the  vales  are  diversified  with  vineyards  and  fields, 
fertile  in  corn  and  pasturage,  and  watered  by  the  Rhine,  the 
Mayn,  and  numerous  smaller  rivers. 

Tbe  religion  is  the  Reformed ;  and  there  are  three  orders  of 
the  state,  nobles,  dergy,  and  burgesses,  from  Cassel,  Marburg, 
•oa  some  other  towns.   The  oniversities  are  those  of  Marburg, 


Rintelin,  and  Giessen.    Cassel  contains  about  0,000  iahilii* 

ants ;  the  county  of  Hanau  about  100,000  sonls. 

The  Duchy  of  Mechlenburg. --The  duchy  of  Mecklenbag  eea- 
tains  4,800  square  miles,  peopled  by  375,000  inhabitanti.  It  b 
divided  into  Schiverin  and  Gustro,  celebrated  for  their  lakes, 
heaths,  and  marshes,  with  a  sandy  soil  that  prodaces  obIt  tye 
and  oats.  The  religion  is  Lutheran,  with  six  sapefiiiteBdaBts 
and  an  university  at  Rostock.  The  taxation  is  regnlated  by 
the  states,  consisting  of  the  nobility  and  borgesses.  The 
manufactures  are  chiefly  wool  and  tobacco ;  the  exports  by 
Lubec  and  Hamburg,  are  grain,  flax,  hemp,  hops,  wax,  honey, 
cattle,  butter,  cheese,  fruits,  feathers,  dried  geese,  taUow,  Hii- 
seed,  wool,  and  timber. 

Hamburg. — Hamburg,  the  third  city  of  GennaoT,  coetrins 
100,000  inhabitants,  who  are  ruled  by  an  aristocratie  senate  ef 
thirty-seven  persons.  The  religion  is  the  Lutheran.  Its  tndt 
lies  in  linen  and  woollen  cloth,  wines  and  sngars,  eofce, 
spiceries,  metals,  tobacco,  timber,  leather,  corn,  dried  iih, 
and  furs. 

The  Principality  of  Oldenburg,  ^c— The  principality  ofCMden- 
burg  has  75,000  inhabitants ;  Pomerania,  now  the  property  tf 
Denmark,  100,000 ;  the  principaUty  of  Anhalt,  about  100,090; 
Nassau,  130,000;  Schwartzborg  in  Thoringia,  100,000;  Wti> 
deck,  80,000;  the  county  of  Lippe  in  Westphalia,  85,000;  Ihi 
county  of  Renss,  06,000;  Frankfort  on  the  Mayn,  36,000;  asd 
the  town  of  Papenburg,  with  its  d'XK)  souls,  in  East  FrieslaBd, 
belongs  to  the  Baron  of  Landsberg  Yeelen. 

The  Ecclesiastical  States,  ^c— The  ecclesiastical  states  are, 
1.  The  elector  of  Mentz,  who  holds  the  city  of  Erfnrth,  asd 
15,000  inhabitants.  2.  The  elector  of  Triers,  or  Treves.  3.  Tbe 
elector  of  Cologne.  4.  The  bishoprics  of  Monster,  Osaa- 
bruck,  Paderborn  in  Westphalia,  and  Liege.  5.  The  bisboe- 
ric  of  Hildesheim,  in  Lower  Saxony.  6.  Of  Fulda,  in  the 
Upper  Rhine :  and,  7.  Wortzborg,  in  Franconia.  The  eccle- 
siastical electorates  contain  a  population  of  300,000  inhabit- 
ants ;  the  bishoprics  average  from  70,000  to  200,000  each. 

The  German  states  south  of  the  Mayn,  are,  the  electorate  of 
Bavaria,  conjoined  with  the  Palatinate,  the  duchy  of  Wirtem- 
berg,  those  of  Anspach  and  Salzia,  with  the  smaller  states  asd 
tbe  ecclesiastical  powers.  The  preponderating  powers  in  the 
south  of  Germany,  are  Bavaria  and  Wirtemberg ;  now  erected 
into  kingdoms. 

The  Kingdom  of  Bavaria. — ^The  kingdom  of  Bavaria  is  divided 
into  Upper  and  Lower,  and  what  is  called  the  Higher  Pidatioate; 
the  first  is  a  mountainous  country,  the  second  champaign  sad 
fertile ;  but,  in  general,  the  country  is  woody,  interspersed  with 
lakes  of  various  sizes.  The  i'eligion  is  Catholic ;  the  inhabit- 
ants about  two  millions;  the  revenue  £1,166,600;  the  military 
force  about  15,000  men.  The  chief  rivers  are  the  Danvbe,  Urn 
Inn,  the  Iser,  the  Lech,  the  Nab,  and  the  Neckar.  Minioh, 
the  capital,  is  the  most  elegant  city  of  Germany,  and  its  popu- 
lation amounts  to  38,000  souls.  Landshut  and  Strauben  are 
in  Lower  Bavaria ;  Ratisbon  is  an  imperial  city ;  Manheiia,  la 
the  Palatinate  of  the  Rhine,  contains  24,000  inhabitants;  and 
Heidelburg  is  famous  for  its  wines.  The  states,  or  parliameats, 
are  composed  of  the  clergy,  nobility,  and  burgesses.  Tbe 
only  college  is  at  Ingolstadt,  but  Munich  has  an  aoadeoqr  ef 
sciences. 

The  Kingdom  of  Wirtemhurg. — The  kingdom  of  WirtembiVK 
contains  about  600,000  inhabitants,  and  next  to  Saxony,  is  tbe 
best  in  the  empire,  being  by  far  the  most  considerable  and  for- 
tile  part  of  tbe  circle  of  Swabia.  The  Black  Forest  supplies  it 
with  timber  and  fuel,  and  the  castle  of  Wirtemberg,  in  te 
bailliage  of  Canstadt,  gives  name  to  the  kingdom.  Tbe  le* 
ligion  is  Lutheran,  and  the  church  is  ruled  by  four  superintea 
dants,  called  abbots,  and  thirty-eight  rural  deans.  The  chieT 
city  is  Stutgard ;  and  Zubingen,  the  second  city,  is  eeMratad 
for  its  university. 

Minor  States, — Anspach,  or  Onolsbach,  with  Bayreath,  has  a 
population  of  320,000,  on  2,900  square  miles  of  territory.  The 
principality  of  Bayreutb,  or  Culmbach,  with  Onolsbac^  forms 
the  chief  power  of  Franconia,  now  annexed  to  the  sovereigBty 
of  Prussia. 

The  margraviate  of  Baden,  situated  between  the  Rhtne  and 
the  kingdom  of  Wirtemhurg,  is  fertile  in  wine,  ooro,  and  fralt, 
and  has  abundance  of  fish,  wood,  and  game.    The  popnlatioa. 
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It  ettinuited  «l  900,000  inhabiUiiti ;  and  the  city  of  Noremberg 
eoBUint  30,000  foals. 

Saliia,  mud  the  arebbithopric  of  Saltsbarj^,  possesses  a 
popalation  of  950,000  sooU,  peopling  2,880  square  miles.  This 
aee  was  iMUided  in  716,  by  St  Rupert,  an  Englishman,  and  the 
nrcbbisbop  it  primate  of  all  Germany. 

Saltibnrg  has  20,000  inhabiUnts,  and  the  archbishopric 
•ways  many  fab  lordships  in  Austria,  Stiria,  and  Carintbia. 
The  sees  sooth  of  the  Mayn,  are :  I.  The  archbishopric  of 
Saltxbarg.  2.  The  bishopric  of  Wurtsborg.  3.  Bramburg, 
coBtnininf  180/MX)  souls.  4.  Speyr,  or  Spire,  60,000  inha- 
bitants. 5.  Aichstett,  in  the  southern  corner  of  Franconia.  0. 
Augsburg,  in  Suabia.  7.  Constance.  8.  Strasburg.  9.  Kemp- 
tin,  BochaUy  and  Lindau,  Abatial  territories ;  with  the  priory  of 
BUsTangen.  10.  The  bishopric  of  Passan,  in  Baf  aria,  with  a 
popQlationof25,00a  II.  That  of  Freysingen,  with  the  terri- 
to^  of  Wendenfels,  near  the  Rbaetian  Alps,  contains  23,000 
flonls :  and  12.  The  bishopric  of  Ratisbon. 

Awsiria.— The  Austrian  dominions  border  those  of  Russia 
and  Turkey  on  the  east;  Prussia,  Upper  Saxony,  Bavaria, 
and  Swabia,  bound  them  on  the  north ;  Swisserland,  and  the 
Italian  states,  skirt  their  southern  limits.  In  length  700,  in 
breadth  d90  miles.  The  contents  in  square  miles  are  I84,00J; 
and  there  are  184  inhabitants  to  every  square  mile.  Venetian 
Dalmatia,  and  some  Italian  territory,  has  fallen  to  the  lot  of 
Autria,  whose  population  is  now  about  30,000,000.  The  Aus- 
trian dominions  comprehend : 

Ckuf  Towns.  Rivers. 

'•,  "*  C  "^nSSr^  1  Vienna.;  D«.abe. 

Anstri^   <   Duchy  of  Stiria,  Grata,  Muchr. 

•_j„j.*'^/  Carniola,  Laybach,  La>bach. 

inaaoing  ^^  Carintbia,         Clagenfurt,         Glan. 

2.  The  kingdom  of  Bohemia,  Prague,  Danube. 

:l  Mormvift.  \  Olmuta  and 

^  i     Bruon. 

4.  Part  of  Silesia,  Troppau,  Oppa. 

5.  Part  of  Bavaria,  east  of  the  Inn. 

{Upper  Hungary,    Presburg,  Danube. 

Lower  Hungary,     Buda,  or  Offen, 
Sclavonia,  Eszeg,  Drave. 

Croatia,  Carlstadt,  Culp, 

7.  Transylvania,  Hermanstadt. 

^^^^^f^  ^Lodoroinia,  Cracow,  Vistula. 

The  established  religion  is  the  Roman  Catholic,  but  the 
government  is  exceedingly  tolerant  of  all  religious  persuasions; 
for,  in  Moravia  and  Bohemia,  Protestants  of  various  sects 
aboand ;  and  the  Lutherans  are  little  inferior  in  number  to  the 
Rooianists.  The  government  is  absolute  monarchy,  supported 
hf  na  enormous  military  force  of  above  300.000  men.  The 
leveoae  is  computed  at  10,000,000  sterling,  and  the  national 
debt  at  40,000.000  sterling.  The  Austrians  are  reserved,  but 
(Ml ;  and  their  women,  though  elegant  in  their  manners,  are 
desdtate  of  those  mental  accomplishments  which  give  the 
fennles  of  France  and  Britain  such  an  ascendancy. 

Hani^ry  has  an  aristoeratical  senate  ;  and  Austria  its  states, 
consisting  of  the  four  orders  of  clergy,  peers,  knights,  and  bur- 
^eaiet.  The  laws  are,  however,  mild  and  salutary  ;  but  while 
the  Aastrians  live  contented,  the  Hungarians  are  too  often 
^iisaatisfied  with  their  masters,  and  disposed  to  anarchy.  The 
universities  are  those  of  Vienna,  Prague,  Inspruck,  Grata, 
Aada,  Debretsin.  and  Eriau. 

The  chief  cities  and  towns  arc,  Vienna,  the  capital  of  the 
^•strimn  dominions,  on  the  south,  or  rather  the  west  side  of 
Danul»e,  containing  about  254,000  inhabitants ;   Prague, 
empitnl  of  Bohemia,  containing  80,000 ;  Grata,  the  capital 
Stina,  3ft,000  souls;  Presburg,  the  capital  of  Hunrarv, 
inhabitants;  Buda,  20.000;  Leniberg,  or  Leopold,  in 
U  20.000:  Cracow,  the  ancient  capital  of  Poland,  24.00U; 
I,  in  Moravia,  18,000 ;  Olmutz,  in  the  same  country,  12.000 ; 
I,  in  Austrian-Silesia,  12,000;  InsprndL  and  Trent, 
lOXNM);  and  Trieste,  18.000. 
Tie  Hi— tr  of  Anatrin  ia  Bild  and  aalnbrioot ;  but  the  air  of 


Hungary  is  damp  and  eold,  from  numerous  lakes  and  morassei • 
The  general  outline  of  the  Anstrian  territory  is  finely  variegatedf 
and  sufficiently  irrigated  for  every  species  of  Boropean  vegn 
table  product    And  the  soil  is  fertile  and  produotiva,  notwitb- 
atanding  the  general  neglect  of  agriculture. 

The  chief  rivers  are  Uie  Elbe,  the  Danube ;  the  Tiesa,  which 
falls  into  the  Danube  near  Belgrade ;  the  Save,  which  forma 
the  boundary  between  Austria  and  Turkey  |  the  Drave,  whieb 
joins  the  Danube  below  Esseg ;  and  the  Inn,  which  joins  the 
Danube  at  Passsu.  The  Raab  and  the  Leytha  are  intermediate 
streams  between  the  Drave  and  the  Inn.  The  Mulda  joins  the 
Elbe  near  Melnich ;  and  the  Moran  joins  the  Danube  not  far 
fVom  Proeoburg.  The  principal  lakes  are  those  of  Traon  and 
Ebemsee,  in  Austria  Proper;  Clageafbrt,  in  Carintbia;  the 
Cirknits-see,  in  Carniola ;  the  Platten-see,  in  Hungary,  abound- 
ing with  fish ;  the  Nensidler,  in  the  vicinity  of  Eisenstadt ; 
Palitsen,  on  the  east  of  the  Tiess ;  and  the  Tsege  Zo,  in  Tran- 
sylvania. The  lake  of  CIrknits  is  a  complete  natural  curiosity, 
eight  miles  long  by  four  broad.  In  the  month  of  June,  the 
water  descends  under  ground,  through  numerous  crevices  In 
the  bottom ;  but  in  September  it  again  reasoends  with  consi- 
derable violence,  thus  yielding  rich  pasturage  in  summer,  and 
an  abundance  of  fish  in  vrinter. 

The  ehicf  mountains  are,  the  Rhaetian,  or  Tjrrolese  Alps ; 
the  Brenner  mountains,  or  Rhaetian  Alps ;  the  glaciers  of  Ver- 
ner,  west  and  north  of  Inspruck ;  the  Lobel  mountains,  wbioh 
separate  Carintbia  and  Carniola;  and  the  Julian,  or  Camin 
Alps,  which  divide  Carintbia  from  Italy.  The  Carpathian 
mountains,  900  feet  high,  which  bound  Hungary  on  the  north 
and  east ;  and  the  Sudetic  chain,  which,  branching  from  the 
Carpathian,  divides  Bohemia  and  Moravia  from  Silesia,  and 
the  Prussian  dominions. 

The  forests  in  Austria  are  both  numerous  and  extensive, 
clad  with  elm,  lime,  birch,  and  alder  trees;  oak,  chestnut,  and 
beech  trees ;  the  black  sind  white  poplar,  and  aspen ;  syca- 
mores and  maples ;  the  ash,  the  pine,  the  fir,  and  the  lareb. 
Horses  run  nild  in  these  forests;  the  cattle  are  of  a  slaty -blue 
colour ;  the  Hungarian  sheep  have  long  erect  spiral  boms,  and 
hair}'  fleeces.  The  urus,  or  oison,  ranges  the  forests  of  Carpa- 
thia ;  the  bear,  the  boar,  the  wolf,  the  chamois,  the  marmot, 
and  the  beaver,  are  among  the  numerous  wild  quadrupeds. 

7%«  Kimgdom  of  the  KeiAer lands. ^This  kingdom,  comprising 
Holland  and  the  Low  Countries,  was  erected  into  a  sove- 
reignty, by  the  treaty  of  Vienna,  in  1815.  Holland  is  composed 
of  seven  provinces,  called  after  the  following  names,  with  their 
chief  towns : 
The  Provinces  of  Chief  Towns  and  Rivers. 

Holland, Amsterdam,  and  the  Hague. 

n..^^..^i  S  Derventer,  on  the   river  Yssel,  and 

0^cTy$%tl, I     2woll  on  the  river  Aa. 

Zealand, Middleburg,  on  the  isle  of  Waloberan« 

Friesland, Lee  warden  canal. 

Utrecht, ITtrecht,  on  the  Rhine. 

Groningen, Groningen  canal. 

Guelderland Arnheim,  on  the  Rhine. 

Zutphen, Zutphen,  on  the  Yssel. 

These  provinces,  with  the  Netherlands,  and  the  duchy  of 
Luxemburg,  comprise  the  most  fertile  countries  in  Europe, 
inhabited  by  7,00(1,000  of  wealthy  and  industrious  people.  Tho 
Dutch,  like  all  plain-dealing  people,  are  ceremonious,  rather 
than  polite;  and  in  distinction  to  a  Parisian  the  Hollander 
seems  to  say,  *'  I  would  rather  be  unmannerly  than  trouble- 
some." 

The  Protestant-Calvinistic  religion  prevails  in  Holland :  but 
in  the  Netherlands  there  are  numerous  Roman  Catholic  fami- 
lies ;  and  there  are  not  a  few  Lutherans  and  Jews  to  be  met 
with.  The  colonics  are  situate  in  the  East  and  West  Indies, 
and  at  the  Cape  of  Good  Hope.  The  army  may  be  computed 
at  00.000  troops  in  war-time,  and  the  navy  once  amounted  to 
about  forty  ships  of  the  line. 

At  Rotterdam,  Breda,  Middleburg,  and  Groningen,  there 
are  very  celebrated  Latin  schools ;  Leyden,  Utrecht,  Harder- 
wyck.  Tranecker,  and  Groningen,  are  famous  for  their  univer- 
sities; Amsterdam  and  Deventer  have  two  Inferior  colleges; 
and  Haerleoi  is  noted  for  its  academy  of  sdences.  The  dilef 
olties  and  towns  are,  Amalerdnm,  wboto  popmintion  aoMnttU  In 
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t\%900  tfcMttv  ^Mi  its  litveti  h  oAe  tbt^t  of  iniasti ;  I/ey^isetov 
^iMIttMlttr  00;^  ittli«%f tttatb ;  RotterAaM,  48,^000 ;  H«erletti» 
40,000;  tbe  lukrue,  Hiottgh  esteemed  otdy  *  >rflfa^e>  99,0100 '; 
llliddleb«lr|;V  ^  Zealatad,  90,000 ;  atid  UttiMAt^  Delft,  Dort,  aUd 
Groningen,  each  about  !20,000  Inhabitants. 

No  eoQDtry  in  Stirope  boasts  an  equal  inland  navigation 
with  Holland ;  a  oircotastanee  easily  accoanted  for  by  the  fikctv 
tliat  the  land  is  almost  e?enr  where  lower  than  the  sea,  whioh 
is  kept  ont  by  dams  and  dykes.  A  country  so  low,  and  IWMtt 
its  abandant  inlattd  navigation  so  level,  must,  of  necessity, 
pos^ss  a  hanlid  and  oold  climate ;  and  where  the  eombinati^on 
of  land  and  \^ater,  with  scanty  elevations  of  bariren  sand^  is 
Very  intf Mlite,  Wte  cannot  expect  that  agriculture  will  be  consi- 
derabfov  though  the  pasturage  may  be  lich^  and  even  abundant 
Hence  HoHattd  is  the  country  for  the  manufacture  of  butter ; 
and  so  soro^lous  are  the  good  women  about  thellr  cows* 
warmth  and  cleanliness,  that  it  is  no  uncommon  thing  lo 
see  whole  herds  in  the  meadows  clothed  with  mantles  and 
coverlets. 

The  Mt(  rivers  are  the  Rhine  and  the  Mouse ;  and  tiie  chief 
lake  is  the  sea  of  Haerlem. 

Flanders^  an  integral  part  of  the  kfngdom  of  the  Netherlands, 
is  about  180  miles  long,  reckoning  fn>m  the  eastern  limit  of 
Luxemboorr  to  Ostend,  and  120  in  breadth,  from  the  northern 
boundary  of  Austrian  Brabant  to  die  most  southern  limit  of 
Hainault ;  covering  a  sorfsoe  of  7,620  scjoare  miles,  and  peo- 
pled by  1,900,000  inhabitants.  The  religion  is  the  Roman 
Catholto,  bud  the  bishopries  are  those  of  Bruges,  Antwerp, 
Ghent,  &o. ;  in  all  nine,  under  the  archbishopric,  or  metro- 
politan see  of  Mechliti.  Religioas  pageantry  dazzles  tfae  un- 
lettered devotee.  The  universities  of  Toumay,  Douay,  and  St. 
Omer,  have  long  been  famous.  The  chief  cities  and  towns  are, 
Brussels,  containing  80,000,  Ghent  80,000,  Antwerp  dO^OOO, 
Mons  25,000,  Bruges  20,000,  Namur  20,000,  Luxembourg 
19,000,  Hoermond  10,000,  and  limbourg,  8,000  inhabitants; 
Slays,  and  Ostend.  Brussels  is  celebrated  for  its  manufketure 
of  lace ;  Ghent  for  its  Venetian  site,  being  built  on  a  number 
of  little  islands ;  Antwerp  as  the  chief  mart  of  Flemish  com- 
merce ;  and  Cambray  is  renowned  for  its  cambrics. 

The  climate  is  more  remarkable  for  moisture  than  f6r  warmth ; 
but  agriculture  flourishes  weH,  and  the  Netherlands  yield  not 
to  Lombardjr,  or  England,  in  the  essentiids  of  good  husbandry. 
The  chief  nvers  are,  the  Rhine;  the  Mouse,  or  Mlves;  Uie 
Sebeldt ;  tfae  Byle,  and  the  Nethe.  The  forest  of  Soigne  is  in 
BraftMint ;  and  the  remains  of  the  ancient  forest  of  Ardennes 
pervade  Hainault  and  Luxembourg,  from  Valenciennes  to 
Treves. 

France, — This  country,  600  miles  in  length  from  north  to 
sooth,  and  580  in  breadth  from  east  to  west,  was  formerly 
divided  into  proviooes ;  but,  sitece  the  revolution,  it  has  been 
divided  into  departments.  The  following  table  contains  both 
divisions. 

Department.     'City. 

I  Nord  Lille 

Pas  da  Calais  Arras 


Province, 
Flandre 
Fran^oise 
Artois 
Pieardie 


River. 

l>etile 


Normandie 


Somme 
/  Bas  Seine 
\  Calvados 
<  Maoohe 
iOme 
vEare 

Seine 


Amiens 

Rouen 

Caen 

Coutances 

Alen^on 

Evreux 

Paris 


Xsle  de 
France 


Mame 


Seine  &  Disc    Versailles 
Oise  Beauvais 

Aisne  Laon 

Seine  &  Mame  Mdun 

(  ChAlons-sinr- 
i     Mame 
Champagne    ^  Ardennes  M^ai^res 

Aobe  Troyes 

Haate  Bfnme    Chaumont 
/-Mense  Bar-le-Duc 

1  Moselle  Moots 

I  Mearthe  Nancy 

'  Vesges  Epinal 


Lorraine 


Scarpe 
Somme 
Seine 
Ome 

Sarte 

Iton 

Seine 

Seine 

Theraki 

Seine 

Mame 

Meose 

Settle 

Mame 

Omatn 

Moselle 

Meorthe 

MMclie 


Alsace 


Bretagne 

teaine  et 
Perche 

Anjou 

Touraine 

Orieannois 

Berri 
Nivemois 

Bouigogne 


Franche 
Comt^ 


Poitoa 


Marche 


Limosin 


i  Haut  Rhin 
i  Bas  Rhin 
/^Ille  li  Vilaine 
\C6tes  du  Nord 

<  Finisterre 
i  Morbiban 
vLoire  Infre 

4  Sarthe 

(  Mayenne 
(  Mayenne  and  ) 
i     Loire  S 

Indre  &  Loire 
r  Loiret 

<  Euro  &  Loire 
(.Loire  &  Cher 

5  Indre 
(Cher 

Nievre 
/-  Yonne 
)  CAte  d'Or 
J  Sa6ne  &  Loire 
VAin 

{Haute  Sa6ne 
Donbs 
Jura  < 

(^  Vendue  | 

"i  Deux  Sevres 
vVienne 
r  Haute  Vienne 
\       comprising 

<  part  of  Li- 
m      mosin 
v.Creuse 

iCorr^ze,  com- 
prising part 
of  Haute  Vi. 
enne 
Allier 


Bourbonnois 
Saintonge, 

comprising 

Aunis 
AngouAiois    ^ 

comprising  Jcharente 


I 


Charente        ^ 
Inf6rieare  S 


Colmar 

Strasbnrg 

Rennes 

St  Brieox 

Qoimper 

Vanoes 

Nantes 

LeMaas 

Laval 

Angers 

Tours 

Orleans 

Charires 

Blois 

Cb&teaufoux 

Bourges 

Nevers 

Auzcrre 

Dijon 

M&^on 

Bourg 

Vesoui 

Besan^on 

Lons-le-Sau- 

nier 
Fontenay-Ie- 

peuple 
Niort 
Poitiers 

VLimoge 

Gu^ret 

(  Tulle 

Moulins 
Saintfs 


FecphtkLMh 

Rhiae 

Yiiaiiie 

NcurOmSsa 

Odor 

i^ea-patt 

Loire 


Mayenne 
lifiayeone 
Loim 


Bare 

Loire 

Indre 

Euro 

Loire 

Yonne 

Ottcbe 

Sa6ne 

Reasonae 

Doobi 
VaHiere 

Vendte 

S^vrel 
Ckdu 

VieniA 

CreW<ae 

Corrto 

ADier 
Charante 


Angouleme       dmnni/te 


Saintonge 

AuTergne 

Lyonnois, 
Fordt  & 
Beaujoleis 

Dauphin^ 


i  Puy  de  D6me 

I  Cantel 

r  Rb6ne 

<  Loire 

t  Is^re 

i  Hautes  Alps 

\  Dr6me 


Clermont 

St  l^lour 

Lyon 

Montbrison 

Grenoble 

Gap 

Valence 


Gyenne, 
compre* 
bending 
Gascognc 


Bearne 
Comt6  de  Fois 

RoussiUon      \ 


'])ordo8:ne  Perigueux 

Gtronde  Bordeaux 

Lot  &  GarouneAgea 
Lot  Cabors 

Aveyron  Rhodes 

Gers  Aooh 

Landes  \  MontHle-Mar- 

(     san 
Hautes  Pyr6n^es  T^Eirbe 

Basses  Pyr6n^es  Pan 
Arriege  Taras^n 

HauteGaronne  Toulouse 


Languedoc 


Aude 

Tame 

Garde 

Losere 

Ard^che 

Haute  Loire 

H^raut 


Carcassonne 

Castres 

Nimes 

MenUe 

Privas 

LePuy 

MotttpelHer 


Ri6ne 

Is^e 
R%r6ne 

IHe 

Girohde 

Geronne 

Lot 

Aveyron 

Gers 

Dou/.e 

Adour 

Le  Cave^  M 

Amege 

tot 

Garonne 

A«de 

Affont 

Visliv 

Lot 

NeartheBhlm 

Berne 
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Department,  City, 

\  Bannes  Alps  Di^ne 

vVar  TouloD 

\  Golo  Bastia 

i  Liamooe  Ajaccio  et  Bastia 


River, 
Arc 


Meditcr.  Sea 


sonqacsts  oiade  by  France  durinic  the  late  wars,  from 
IttU,  are  not  intci^ral  parts  of  her  doroiniona ;  as  most 
have  been  given  up  to  their  parent  states, 
islands  belont^ing  to  France,  arc  the  isles  of  Hiercs, 
»ulo9,  which  are  the  same  as  Homer's  isle  of  Cal>pso, 
ilediterranean  ;  the  isles  of  Rhc,  Belleisle,  and  Oleron, 
ichelle,  are  in  the  bay  of  Biscay.  Corsica  is  the  birth- 
r  Napoleon  Buonaparte. 

established  relijcion  in  France  is  the  Roman  Catholic ; 
Gallican  Church  is  more  independent  of  the  See  of 
ban  that  of  any  other  country  professing  the  same  faith, 
the  revolution,  there  were  in  France  17  archbishops, 
at  convents  of  monks,  and  2(X)  nunneries :  the  monks 
IS  were  reckoned  200,000,  and  the  revenues  of  the  clergy 
iglous  houses  six  millions  sterling, 
government  is  an  hereditary  monarchy,  confined  to  the 
ranches  of  the  house  of  Bourbon,  in  the  succession  of 
>  X. ;  then  the  Duke  of  Angouleme ;  the  Duke  of  Boor- 
son  of  the  Duke  de  Berri ;  the  Duke  of  Orleans,  and 
I ;  Prince  of  Conde,  &.c. 

copulation  is  estimated  at  31  millions ;  and  the  army  at 
mm  ;  the  navy  is  inconsiderable  ;  the  revenue  is  about 
ons  sterling.  The  French  in  their  manners  possess  a 
r  decree  of  vivacity  and  gaiety,  and  frivolity  of  dispo- 
and  their  politeness  is  the  result  of  affectation  and 
ather  than  of  physical  purity  and  tutored  elegance. 
>me  branches  of  experimental  philosophy  the  French 
ade  considerable  progress,  but  in  regard  to  mechanics, 
s  application  of  machinery  in  abridging  labour,  they 
wa}s  been  the  pupils  of  the  British.  The  universities 
ce  were  formerly  those  of  Douay,  Ciien,  Paris,  Rheims, 
Strasbourg,  in  the  north ;  Nantes,  Angers,  Poitiers, 
I,  Bourges,  Dijon.  Besan^^on,  in  the  middle ;  and  Bour- 
Pan,  Perpignau,  Toulouse,  Montpellier,  Aix,  Orange, 
Jencc,  ill  the  south. 

shief  cities  are.  Paris,  the  capital,  with  a  population  of 
)  inhabitants ;  Lyons,  100.000.  and  famous  for  its  manu- 
s  of  articles  of  luxury ;  Marseilles  and  Bonrdeaux,  each 
1  with  about  80.000  inhabitants;  Lisle,  noted  for  its 
itions,  boasts  a  population  of  OO.CKM)  inhabitants  ;  Ami- 
1000 ;  Kouen,  the  capital  of  Normandy,  72,000 :  Brest, 
cf  maritime  a rjienal,  30,000 ;  Nantes,  56,000;  Orleans, 
i  Strasbourg.  40,000 ;  and  Thoulouse,  50,000  souls, 
inland  navigation  of  France  is  confined  to  the  canal  of 
or  Burgundy ;  the  canal  of  Orleans ;  the  canal  of 
y ;  and  that  of  Lang^uedoc,  planned  and  executed  by 
(ioeer  Riquet,  during  tlic  ministry  of  Colbert,  in  the 
f  Louis  \1V. 

^rd  to  \x%  climate.  France  may  be  divided  into  three 
\\  the  bleak  air  of  the  north  ;  the  salubrious  atmosphere 
niddle  region ;  and  the  genial  south,  t^o  inviting  to  in- 
from  Britain.  The  north,  west,  and  interior  of  France, 
ersified  with  rivers,  canals,  forests,  and  mountains  ;  but 
rral  the  plain  predominates.  Cornwall  finds  its  rival  in 
velly  heaths  of  Britnny  ;  from  Flanders  to  Orleans  a 
am  prevails,  like  what  ne  meet  nith  in  Middlesex,  and 
acent  counties;  the  niountninous  region  of  the  south  is 
and  the  common  products  arc  corn.  gra|>es,  fruits, 
tobacco,  hemp,  flax,  silk,  manna,  and  saffron, 
chief  rivers  are  the  Seine,  the  Loire,  the  Rhone,  the 
le:  and  the  lakes  are  those  of  Pro«ence,  among  the 
i  of  Alsace,  and  s(»me  other  provinces.  The  mountains 
ose  of  Britany.  the  Vosges,  Mount  Jora,  the  Alpine 
of  Dauphine  ;  the  Cevennes,  about  0000  feet  high ;  and 
rentes.  The  forests  are  Orleans,  Ardennes,  the  former 
'rat  of  banditti,  the  latter  renowned  for  deeda  of  chivalry; 
$  forest  of  Fontaineblcau.  The  desert  of  La  Crmo,  con- 
ft  plain  of  150,000  ftcres,  of  Provence^  it  entifdj  cooi- 
1. 


posed  of  round  gravel,  or  shingle,  than  which  the  sea  shore  is 
not  more  barren. 

iS/iam.— Spain,  from  west  to  east  is  about  GOO  miles  long, 
and  from  north  to  south  the  breadth  is  reckoned  6tNi  miles ; 
and  situated  between  the  36th  and  44th  degrees  of  north  lati- 
tude ;  the  climate  is  delightful  and  the  soil  luxuriant. 

The  population  is  estimated  at  11  millions;  the  army  at 
60,000 ;  and  the  revenue  at  five  millions  and  a  half  sterling. 
The  government  is  absolute  and  hereditary  monarchy.  Spain 
is  at  present  divided  into  22  provinces  for  the  crown  of  Castile, 
and  four  for  Arragon.  Those  for  Castile  are,  the  kingdom  of 
Gallicia,  the  provinces  of  Burgos,  Leon,  Zamora,  Salamanca, 
Estremadura,  Valencia,  Yailadolid,  Segovia,  A^ila,  Toro, 
Toledo,  La  Mancha,  Murcia,  Guadalaxara,  Cnen^a,  Soria, 
Madrid,  and  Andalusia.  The  four  for  Arragon  Here  formerly 
the  Moorish  kingdoms  of  Seville,  Cordova,  J aen,  and  Grenada. 
The  most  common  and  generally  received  di%ision  of  Spain  is 
as  follows : 

Kingdoms,  Capitals, 

The  kingdom  of  Gallicia,  ....     St.  Jago  di  Compostclla. 
The   principality  of  Asturias,    0«iedo. 

The  lordship  of  Biscay, Bilboa. 

The  kingdom  of  Navarre Panipeluna. 

The  kingdom  of  Leon, Leon. 

The  kingdom  of  Old  Castile, . .     Burgos. 

The  kingdom  of  Arrngon Saragossa. 

The  principality  of  Catalonia,     Barcelona. 
The  province  of  Estremadura,     Badajos. 
The  kingdom  of  New  Castile,    Madrid. 

The  kingdom  of  Valencia Valencia. 

The  kingdom  of  Andalusia,  . .     Seville. 

The  kingdom  of  Murcia Murcia. 

The  kingdom  of  Grenada, . . .      Grenada. 
The  Islands  of 

Rfir"' >TheAneientf,^?i-^«^- 

Minorca,!!.*!..  3     ^^^^a^cs    (portMahon. 

The  chief  rivers  are  the  Ebro,  the  Douro,  the  Tagus,  the 
Guadiana,  and  the  Guadalquiver;  the  Bidasoa  and  the  Tinto. 
And  among  the  lofty  mountains  of  this  country  we  may  enu- 
merate the  Pyrenees,  the  Cantabrian  mountains,  the  Mountain 
of  the  Sierra  Molina,  the  Sierra  Morena,  the  Sierra  Nevada, 
Montserrat,  and  Gibraltar.  The  Ebro  falls  into  the  Mediter- 
ranean, the  Douro  into  the  Atlantic  at  Oporto,  the  Tagus 
into  the  Atlantic  at  Lisbon,  the  Guadiana  into  the  Bay  of 
Cadii,  the  Guadalquiver  into  the  Atlantic  at  St.  Lucar.  the 
Bidasoa  separates  France  and  Spain,  and  the  Tinto,  or  Yellow 
Stream,  empties  itself  into  the  Mediterranean  at  Huclva.  The 
Pyrenees  separate  France,  from  Spain  ;  the  Cantabrian  moun- 
tains extend  from  Roncevalles  to  Cape  Finisterre ;  the  Molina 
separate  Old  from  New  Castile ;  the  Morena  divides  Castile 
and  Estremadura  from  Andalusia;  the  Nevada,  or  Snow 
Mountains,  run  east  and  west  through  Grenada ;  Montserrat 
is  3300  feet  high,  and  3o  miles  from  Barcelona  :  and  GibralUr, 
the  Caipe  of  the  ancients,  is  the  key  to  the  Mediterranean, 
held  by  Great  Britain. 

The  chief  cities  and  towns  in  the  kingdom  of  Gallicia  are, 
St  Jago,  Corunna,  Ferrol.  Moldonedo,  Lugo,  Ortense,  and 
Tuy.  In  Asturias  are  Oviedo.  Santillana,  Aviirs,  and  St.  Vin- 
cent. In  Biscay  are  Bilboa,  Tolosa,  Vittoria.  and  Malaga.  In 
Andalusia  are  Seville,  Cordova,  Cadix,  and  Xeres.  In  Old 
Castile  are  Burgos  and  Valladolid.  In  Navarre  are  Pampe- 
luna,  Olita,  Tadela,  Estella,  and  Sangiies.  Saragossa,  Terra- 
eona,  Huesca,  Bolbastro,  Teroel,  Ainsa,  and  Jacn,  are  in 
Arragon.  Catalonia  is  celebrated  for  the  most  industrious 
inhabitants  of  Spain,  and  their  chief  towns  are.  Barcelona, 
Montenello,  Tarragona,  and  Roses,  anciently  called  Rhodope. 
In  Valencia  are,  Valencia,  Monviedro,  Gandia,  and  Alicant. 
Murcia  and  Castigna  are  in  the  kingdom  of  Murcia.  In  Ore. 
nada  are,  Grenada,  Soria,  Segovia,  Madrid,  and  Toledo.  In 
I^eon  are,  Leon,  Salamanca,  74imora,  and  Ciudad  Rodrigo.  In 
Estremadura  are,  Merida,  Badajos,  and  Placentia. 

Though  the  clinwite  be  generally  healthy,  the  soimno,  a 
noxious  wind,  which  blows  from  the  sootli-east,  produces  a 
••Dsatioo  bordering  on  madness;  but  its  duration  aeldo« 
esoeeda  llvee  days.  And,  except  In  the  two  Castiica,  the  toil 
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so  peculiarly  fertile,  abounds  in  excellent  pastures,  "vineyards^ 
groves  of  orange  and  lemon  trees.  The  horses  have  long  been 
celebrated  for  their  Arabian  beauty  and  fleetness;  and  the 
sheep  called  Merxnoi  yield  the  government  an  annual  proGt  of 
£1,666,666  sterling.  Wolves,  bears,  and  locusts,  are.  com- 
mon in  Spain ;  it  is  celebrated  also  for  its  hares,  partridges, 
pheasants,  and  game  of  various  kinds. 

The  Spaniards  are  proud  and  cold  upon  a  first  introdnetion 
to  strangers,  but  possess,  on  acquaintance,  both  urbanity  and 
vivacity  under  this  repulsive  exterior.  Their  sobriety  and 
temperance  are  proverbial ;  and  the  grandees  and  nobles  live, 
in  general,  in  a  state  of  much  simplicity,  without  parade  or 
ostentation;  but  upon  particular  occasions  they  display  a 
splendour  and  magnificence  not  to  be  equalled  by  the  nobility 
of  any  other  kingdom.  They  are  fond  of  theatrical  amuse- 
ments, bull -fights,  and  dancing. 

The  religion  is  the  Roman  Catholic,  and  the  inquisition  has 
reigned  with  exorbitant  power.  The  archbishops  are  eight, 
the  bishoprics  are  forty-six;  and  the  clergy  and  religious 
persons  are  computed  at  188,025!  exempt  from  the  usual 
avocations  of  life.  The  Spanish  people  had  embraced  a  free 
constitution,  and  re-established  their  parliament  or  Cortes ;  but 
their  ungrateful  monarch,  by  the  help  of  French  bayonets,  bas 
remounted  an  absolute  throne,  and  ecclesiastical  domination 
has,  at  the  same  time,  resumed  its  tyranny  over  the  public 
mind. 

Portugal, — Portugal,  the  most  westemly  country  of  Europe, 
is  about  360  miles  long,  and  120  broad ;  and  the  population  is 
about  two  millions  and  a  half.  The  religion  is  Roman  Catholic, 
the  government  absolute  and  hereditary  monarchy ;  but  Uie 
royal  family  have  emigrated  to  Brasil,  and  Portugal  now  is 
governed  by  a  viceroy !  Portugal  is  divided  into  six  pro- 
vinces, viz. — I.  Entre  Douro  e  Minho.  2.  Tra  los  Montes.  3. 
Beira.    4.  Estremadura.    5.  Alentejo.    6.  Algarva. 

The  chief  colonies  are  Brazil,  Madeira,  and  some  settle- 
ments on  the  coast  of  Africa,  with  Goa  and  Macao  in  the 
East  Indies. 

The  army  is  computed  at  24,000  men  ;  the  naval  power  thir- 
teen sail  of  the  line,  and  fifteen  frigates  ;  and  the  revenue  two 
millions  sterling.  The  Portuguese  are,  in  general,  an  elegant 
people ;  the  peasantry  are  miserable  vassals  of  the  nobility, 
whose  prejudices  are  pernicious  and  impolitic. 

The  chief  cities  and  towns  are,  Lisbon,  the  capital,  vnth  a 
population  of  200,000  inhabitants;  Oporto,  30,000;  Braga, 
Coimbra,  Ivora,  and  Tavora.  The  climate  is  excellently  salu- 
brious, and  the  country  is  generally  fertile,  abounding  in  vine- 
yards, groves  of  orange  and  lemon  trees,  but  agriculture  is 
little  cultivated. 

The  chief  rivers  are  the  Tagus,  the  Mondega,  the  Toro,  and 
the  Cadaon.  And  the  mountains  are  those  of  Idobeda,  pass- 
ing the  town  of  Guarda ;  the  chain  of  Arrabeda,  in  Estrema- 
dura; and  the  chain  of  Alentejo,  running  between  the  city  of 
Ivora  and  the  town  of  Estramas;  and  Cintra,  near  Lisbon. 
The  Portuguese  islands  are,  the  Azores,  comprising  the  isles 
of  St.  Michael  Tercera,  Pico,  or  the  Peak,  Fayal,  Horez,  and 
Corvo.  In  general,  these  islands  are  mountainous,  and  ex- 
posed  to  earthquakes  and  violent  storms,  yet  their  produce  of 
wheat,  wine,  fruits,  and  wood,  is  very  abundant 

Switzerland' — ^This  country  is  bounded  on  the  east  by  the 
Tyrol  and  Austrian  Suabia,  on  the  west  by  France,  on  the  north 
by  the  Black  Forest,  and  on  the  south  by  Savoy  and  Italy . 
Its  length,  from  east  to  west,  is  200  miles,  and  its  breadth  about 
130  from  north  to  south.  Switzerland  is  the  most  mountainous 
country  in  Europe,  but  the  air  is  salubrious,  the  soil  fertile, 
and  its  wildest  regions  are  diversified  by  cultivated  fields  and 
vineyards,  extensive  lakes  and  verdant  vales,  umbrageous 
woods  and  frightful  glaciers. 

The  Thirteen  original  Cantons  are : 

The  Cantons  of  Towns*  Lakes.  Rivers, 

1.  Zurich, Zurich, Zurich. 

2.  Berne, Berne, Aar. 

3.  Basil, Basil, ' Rhine. 

4.  Underwalden, . .  Stanz  and  Same. 

5.  Schweitz, Schweitz. 

6.  Zag, Zug, Zug. 

7.  Claris Claris. 


*    The  Cantons  of  Towns,  Lakes, 

8.  Soleure, Soleure, 

9.  Uri, Altorf, 

10.  Appenzell, Appenzell. 

11.  Lucerne, Lucerne, Lucerne. 

12.  Fribourg, Fribourg, 

13.  Schaff  hausen  . . .  Schaff  hausen, 


Aar. 
Reoss. 


Saoen. 
Rhine. 


In  1803,  the  following  cantons  were  added  by  the  French  to 
Switzerland :— Argovia,  Thuringia,  Tessin,  Grisons,  St  Gall, 
and  Vaud. 

The  religion  of  Switzerland  is  mixed  ;  some  cantons  profess- 
ing Catholicism,  while  others  are  Calvinistic  Protestants.  The 
Catholic  cantons  are,  Uri,  Schweitz,  Underwalden,  Zog, 
Lucerne,  Fribourg,  Soleure,  Berne.  The  Protestant  are,  Zorieb, 
Basil,  Schafl'hausen,  Part  of  Claris,  and  Appenzell. 

The  government  is  a  strange  mixture  of  aristocracy,  Tenal 
oligarchy,  and  bold  democracy ;  and  under  these  respective 
forms,  we  find  laws  sufficiently  jealous  and  severe ;  bot  the 
people  are  renowned  for  their  morality  and  frank  indepea- 
dence.  The  population  amounts  to  two  millions  of  tonb;  the 
military  force  is  reckoned  at  520,000  men;  and  the  rerenoe 
about  a  million  sterling.  But  taxation  must  be  moderate  where 
the  people  are  proverbially  poor ;  and  foreign  subsidies,  aris- 
ing from  the  permission  of  the  youth  to  serve  as  mercoiaries 
in  the  armies  of  other  countries^  swell  the  resources  to  eqnl 
the  expenditure. 

The  city  of  Basil  contains  14,000  inhabitants,  and  is  cele- 
brated for  its  university  ;  Berne  13,000,  and  its  college;  Znriek, 
for  its  college  and  public  library;  Lausanne,  9000  inbabitaats ; 
Fribourg  and  Schafl'hausen  each  6000,  and  Lucerne  5000. 

The  chief  rivers  are  the  Rhine  and  the  Rhone,  the  Aar  tod 
the  Reuss,  the  Lien  and  the  Flenr ;  and  the  lakes  are  both 
numerous  and  picturesque.  Constance,  Geneva,  Maggiore, 
Lugano,  Neufchatel,  Zurich,  and  Lucerne,  are  the  chief  lakes. 
The  mountains  are,  the  Alps,  covered  with  snow  at  tbeir  som- 
mits ;  Mount  Rosa,  Mount  Blanc,  Mount  St  Bernard,  tod 
Mount  St  Gothard. 

The  horses  of  Switzerland  are  esteemed  for  their  vigour  tad 
spirit ;  and  the  ibex  (a  species  of  goat)  is  as  common  anoiig 
the  Alps  as  are  goats  in  Wales.  In  the  day  he  ascends  tlie 
highest  summits,  but  at  night  he  seeks  the  valleys  to  browieoB 
aromatic  plants.  When  scared,  the  ibex  will  dart  up  a  perpen- 
dicular rock  of  eighteen  feet  high,  at  three  springs ;  boaadin; 
like  a  racket-ball  struck  against  a  stone  wall.  The  chtMS 
and  the  marmot  are  common ;  and  in  the  highest  Alps  tke 
bearded  vulture  preys  upon  the  white  hare,  the  marmot,  the 
chainois,  kids,  and  lambs. 

Italy. — This  country  is  usually  divided  into  three  parts,  the 
northern,  middle,  and  southern.  It  is  a  beautifnl  and  fertile 
peninsula,  assuming  the  appearance  of  a  boot-leg  on  the  map. 
and  admirably  adapted  for  commerce.  Its  length  is  €70,  and 
its  medial  breadth  100  miles.  The  population  is  thtrteen  mil- 
lions ;  of  which,  allowing  six  millions  for  Naples  and  Sicily, 
and  three  millions  for  the  Pope's  dominions,  there  will  be  fbor 
millions  for  the  northern  states. 

In  the  north  the  Alpine  scenery  is  truly  sublime ;  the  Apen- 
nines give  many  charms  to  the  central  part;  Florence  sod 
Tivoli  excite  the  traveller's  admiration  ;  and  Naples  is  gene- 
rally beautiful,  though  exposed  to  the  fiery  imsptioDs  of 
Vesuvius. 

The  chief  rivers  are  the  Po,  the  Adige,the  Brenta,  the  Pian, 
the  Arno,  and  the  Tiber,  with  the  Rubicon,  or  Fiumessiao,  i 
diminutive  stream  which  falls  into  the  Adriatic.  The  lakes  are 
those  of  Maggiore,  Locamo,  Lugano,  Como,  Lecoo,  Iseo,  Pi 
Garda«  in  the  north ;  Perugia,  Bolsena,  Rieti,  Albano,  and 
Nemi,  in  the  central  part ;  and  Celano,  and  Varano,  in  the 
Neapolitan  territory.  The  mountains  are  the  Alps,  the  Apen- 
nines, and  Vesuvius. 

Naples  and  Sicily  forming  the  southern  part,  may  be  regarded 
as  one  kingdom.  Sicily,  separated  from  Naples  by  the  stnit 
of  Messina^  is  an  Island  about  170  miles  long  and  ao  broad. 
Next  to  Constantinople,  Naples  is  the  most  charming  dty,  fot 
situation,  in  Europe. 

The  Strait  of  Messina  is  celebrated  for  the  Scylla  and  Cht- 
rybdka  of  the  ancients ;  the  former  being  a  lofty  rock  on  tlii 
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Calabriao  shore,  and  the  laUer  a  spot  where  the  wave*,  irreatly 
agitated  by  oameroas  pointed  rocks  at  the  bottom  of  the  sea, 
assume  the  appearance  of  a  whirlpool. 

The  Lipari  isles,  adjacent  to  Sicily,  are  celebrated  for  their 
rocks  of  %olcaoic  ij^lass,  and  the  fcrotto  of  the  sea  ox — a  eavem 
61)  feet  high,  000  feet  lonR,  and  120  feet  broad,  titoated  in 
Felicoda.  Malta  and  Gogo  are  Talaable  in  a  maritime  point 
of  view. 

The  central  part  of  Italy,  comprisinfc  the  dominions  of  the 
Church,  Tuscany,  Lucca.  St  Marino,  Piombino,  and  the  isle  of 
Elba,  may  be  thus  illustrated : — The  dominions  of  the  Chnrch 
yield  £350,000  sterling  annually ;  the  revenue  of  the  Grand 
JHichy  oi  Tuscany  is  half  a  million  yearly  ;  the  Lncoanese  are 
the  most  industrious  people  of  Italy ;  the  diminotiTc  republic 
of  St.  Marino  claims  the  Pope's  protection ;  the  principality 
of  Piombino,  on  the  Italian  shore,  and  opposite  to  the  isle  of 
Elba,  is  a  neglected  spot,  and  both  are  known  best  for  their 
iron  ores. 

Piedmont  Milan,  Mantua,  Parma,  and  Plaoentia.  Modeaa, 
mnd  Genoa,  in  the  north  or  Italy,  now  claim  oar  attention. 

Piedmont  with  Savoy,  is  160  miles  long  and  100  broad,  and 
belonfps  to  the  King  of  Saidinia. 

The  capital  of  Piedmont  is  Turin,  containing  90,000  inhabit- 
aots ;  Vercelli,  ilO,000 ;  Alexandria,  12,000 ;  a  litUe  to  the  east 
c»f  which  is  Marengo. 

The  fertile  duchy  of  Milan  contains  2492  square  miles,  and  a 
population  of  more  than  a  million  of  inhabitants. 

Milan,  the  chief  city,  contains  120,000  inhabitants ;  Pa?ia  is 
oetcbrated  for  its  university,  as  is  also  Padua ;  and  Verona  is 
not  more  renowned  for  its  antiouities^  than  Veniee  for  its 
enchanting  maritime  situation,  and  the  wealth  of  its  merchants. 

The  small  duchy  of  Mantua  contains  but  12,000  inhabitants ; 
wUle  that  of  Modena  boasts  a  population  of  320,000,  and  a 
revenue  of  £140,000. 

The  population  of  Parma  and  Placentiais  reckoned  900,000 ; 
the  rerenue  £175,000;  the  soil  is  rich,  the  pastures  fine,  and 
the  Parmesan  cheese  has  been  celebrated  for  ceotorias. 

Genoa  assumed  the  title  of  the  Liburian  Republic  shortly 
afler  1796 ;  bnt  it  now  belongs  to  Sardinia.  The  population  is 
cospated  at  400,000 ;  the  city,  80,000;  and  the  troops,  30,000. 

Lombardy,  Mantua,  the  ancient  Republic  of  Venice,  and 
Dalmatia,  belong  now  to  Austria  ;  the  grand  duchy  of  Tuscany 
to  the  Archduke  Ferdinand ;  and  Parma  and  Placentia  to  the 
ez-empress  Maria  Louisa. 

Twrknf  in  Emrope.—Tht  Turkish  dominions  contain  I82UM> 
aqnare  miles,  comprising  many  ancient  kingdoms  and  repab- 
lica»  whose  classic  names  bnt  tell  the  fleetiaif  grandeur  of 
reoBOte  antiquity. 

The  following  are  the  names,  both  aneient  and  modern,  of 
the  provinces  of  the  Turkish  empire : 

Modern.  Aneient. 

1*  Moldavia,  north, Dacia. 

3.  Bodsac,  or  Bessarabia,  . .  Getse  and  Peacini. 

3.  Walachia, Dacia. 

4.  Bulgaria, Moesia. 

6.  Romelia,      ^  Thracia,  Pvonia,  Macedonia, 

(     Grsecia. 

C  Ttie'Morea, Peloponnesus. 

7.  Albania, ^  Epims,  Chaonia,  and  Part  of 

i     Illyricum. 

It  Dalmatia, Dalmatia. 

9.  Serria, )  „ 

la  Bosnia, J  Pannoma. 

II-  Tvfcish  Croatia Pannonia  and  Noricum. 

Ttarkey  extends  870  miles  from  north  to  south,  and  680  in 
breadth  from  east  to  west ;  and  its  population  may  be  esti- 
mated at  eight  millions.  The  esUblishcd  religion  is  the 
Mahommedan ;  but  about  two-thirds  of  the  people  are  Greek 
CTbristians,  who,  along  with  their  religion,  retain  their  priests, 
bishops,  archbUhops.  and  patriarchM.  In  the  Mahommedan 
faith  there  are  also  the  mufti,  or  pontiff,  wlio  presides  at  Con- 
stantinople ;  the  moublahs.  or  doctors  of  the  law,  the  Koran 
being  a  code  of  civil  and  religious  observance ;  the  inferior 
BMftis,  or  judges,  and.  the  cadilesquiers,  or  chief  Joslioes ;  the 
s,  or  parish  priesu,  who  perfonn  the  service  of  the 


mosques;  the  denrishes,  or  monks,  of  wliom  there  are  four 
various  orders,  or  institutions. 

The  government  is  despotic,  but  the  sultan's  power,  subject 
to  the  laws  of  the  Koran,  is  wisely  balanced  by  a  religious 
aristocracy.  The  Torldsh  navy  amounts  to  thirty  ships  of  the 
line ;  and  the  army  to  160,000  ill-disciplined  and  mutinous 
troops.  The  revenue  is  computed  at  seven  millions  sterling, 
partly  derived  from  a  capitation  tax  on  unbelievers,  and  partly 
from  a  land  tax  and  the  customs. 

The  Turks  are  abstemious  in  diet ;  their  chief  furniture  is  the 
carpet  which*  covers  the  floor ;  their  amusements  partake  of 
indolent  apathy ;  but  the  personal  cleanliness  of  both  sexes  H 
highly  laudable. 

The  chief  cities  and  towns  are,  Constantinople,  with  a  popu- 
lation of  400,000  souls ;  of  whom  200,000  are  Turks,  100,000 
Greeks,  and  the  remainder  Armenians,  Jews,  and  Franks. 
Adrianople,  140  miles  north-west  of  Constantinople.  Filipopoli, 
a  mean  town,  whose  situation  is  so  low,  that  the  mud  in  its 
streets  Is  sometimes  knee  deep,  and  the  foot  passengers  get 
along  onlv  by  stones,  erected  like  posts,  to  facilitate  the  inter- 
course or  a  wretched  city  considerable  in  sise.  Sosia  has 
70,000  inhabiUnU ;  Silistria,  in  Bulgaria,  60,000;  Bucharest, 
in  Walachia,  00,000 ;  Jaffy,  in  Moldavia,  and  Bender,  in  Bes- 
sarabia, each  12,000 ;  Belgrade,  in  Servia,  ^,000 ;  Banjaluka, 
in  Bosnia,  18,000;  Salonica,  00,000;  Larissa,  26,000;  while 
Atini  (Athens)  is  a  miserable  village. 

Turkey  is  famous  for  carpets,  currants,  figs,  saffron,  statuary 
marble,  silk,  and  drags. 

The  climate  is  delicious,  the  air  pure,  and  the  seasons  regu- 
lar; and  though  the  soil  be  rich,  agriculture  is  neglected  ;  and 
the  Turks  exeel  in  no  one  useful  art  or  science. 

The  chief  rivers  are  the  Danube,  the  Maritz,  or  ancient 
Hebras,  which  falls  into  Uie  iEgean  sea;  the  Esker;  the 
Morava,  anciently  the  Margus ;  and  the  Drin,  which  falls  into 
the  Save,  The  lakes  are  chiefly  found  in  Budtac  and  Wala- 
chia round  Ismail,  and  some  in  Albania.  The  moantains  are 
those  of  Hasmus,  Acroceraunia,  Pindus,  Olympus,  Ossa, 
Pdius,  and  Mount  Athos,  resembling  Mount  Serrat  in  Spain, 
and  celebrated  for  its  monasteries  and  cells  of  devout  hermits. 
The  islands  belonging  to  Turkey  in  Europe  are.  Cerigo  and 
Candia  on  the  south  coast  of  the  Morea :  Milo,  Santerim, 
Stanpalin.  Pares,  Naxia,  Engia,  Zia,  and  Zine,  on  the  east ; 
Aadro,  Necropont,  and  Skyros,  east  of  Livadia.  South  of  the 
island  of  P4ros  is  Aatiparos,  whose  grotto  is  the  admiration  of 
travellers.  The  whole  isle  is  one  huge  rock  of  fine  white 
marble,  and  the  grotto  Is  distinguished  from  the  caverns  in 
Derbyshire,  by  the  snowy  whiteness  of  the  calcareous  spar 
which  appears  on  either  hand,  or  suspended  from  the  roof  in 
the  most  elegant  and  pirturesque  forms.  The  present  struggle 
in  Greece  for  liberty,  is  so  very  problematical,  that  we  have 
kept  entirely  aloof  from  the  political  aspect  which  this  once 
classic  land  now  wears. 

On  the  west  of  Bpiras  are  Corfu,  St.  Maura,  Ithaca,  Ccpha* 
Ionia,  and  Zante,  forming  a  new  republic,  under  the  protection 
of  Great  Britain. 

EUTOCIUS.  an  eminent  mathematician,  who  lived  at  the 
time  of  the  decline  of  the  sciences  in  Greece,  was  a  native  of 
Ascalon,  in  Palestine,  and  a  disciple  of  Isodorus,  one  of  the 
celebrated  arrhiterts  employed  by  the  emperor  Justinian.  He 
probably  flourished  about  the  commencement  of  the  sixth  cen- 
tury, though  we  have  no  particulars  respecting  his  life ;  but  Ms 
works  reflect  much  honour  on  his  memory.  He  wrote  elaborate 
and  perspicuous  **  Commentaries  on  the  Books  of  Archimedes 
concerning  the  Sphere  and  Cylinder;'*  and  also  on  the  first 
four  books  of  the  conies  of  **  Apollonins  Pergmus."  These 
commentaries  have  not  only  elucidated  many  dillcult  passages 
in  those  profound  writers,  bat  have  tended  to  throw  Ught  on 
the  history  of  mathematics. 

EVAPORATION,  in  Natural  Philosophy,  is  the  conversion 
of  water  into  vapour,  which  becoming  lipcbter  than  the  atmo- 
sphere,  is  carried  considerably  above  the  earth's  surface  :  and 
afterwards  by  a  partial  condensation  forms  clouds,  and  finally 
descends  in  rain.  Various  hypotheses  have  been  advanced  to 
account  for  the  process  of  evaporation,  some  attributing  it  to 
one  cause,  and  some  to  another;  and  it  is  difllcult  to  say 
which  has  the  greater  claim  lo  atlentiufit  as  aoae  ef  thes 


BYE 


DICTIONARY   OP   MECHANICAL   SCIENCE. 


B  V  I 


appear  perfectly  satisfactory.  This  being  the  case,  and  as 
our  limits  will  not  admit  of  a  long^  detail  of  all  the  theories 
that  have  been  written  on  this  subject,  oar  remarks  shall 
embrace  the  most  interesting  experiments,  observations,  and 
phenomena,  relating  to  evaporation. — That  water  salted  to 
about  the  same  degree  as  salt-water,  and  exposed  to  a  heat 
eqnal  to  that  of  a  summer's  day,  did,  from  a  circular  surface 
of  about  eight  inches'  diameter,  evaporate  at  the  rate  of  six 
ounces  in  twenty-four  hours.  Whence,  by  calculation,  the 
thickness  of  the  pellicle  or  skin  of  water,  evaporated  in  two 
hours,  was  the  fifty-third  part  of  an  inch ;  but,  for  a  round 
number,  suppose  it  only  a  sixtieth  part:  then,  if  water  as 
warm  as  the  air  in  summer  evaporates  the  thickness  of  one- 
sixtieth  part  of  an  inch  in  two  hours,  from  its  whole  surface, 
in  twelve  hours  it  will  evaporate  the  tenth  of  an  inch :  which 
quantity  will  be  found  abundantly  sufficient  to  furnish  all  the 
rains,  springs,  dews,  &c.  By  this  experiment,  every  ten  square 
inches  of  surface  of  the  water  yield  in  vapour,  daily,  a  cubic 
inch  of  water:  and  each  square  foot,  half  a  wine  pint;  every 
space  of  four  feet  square,  a  gallon  ;  a  mile  square,  6914  tuns  ; 
and  a  square  degree,  of  69  English  miles,  will  evaporate 
33,000,000  tuns  a  day;  and  the  whole  Mediterranean,  com- 
puted to  contain  160  square  degrees,  at  least  5280,000,000  of 
*  .tuns  each  day.  A  surface  of  eight  square  inches,  evaporated, 
purely  by  the  natural  warmth  of  the  weather  without  wind  or 
sun  in  the  course  of  a  whole  year,  16,292  grains  of  water,  or 
64  cubic  inches  ;  the  depth  of  water,  therefore,  evaporated  in 
12  months,  amounts  to  8  inches.  But  the  annual  evaporation 
is  actually  from  48  to  36j^  inches.  Water  evidently  evaporates 
more  in  windy  than  in  calm  weather,  as  the  fleecy  vaporous 
air  is  then  more  speedily  dissipated.  And  in  May,  June,  July, 
and  August,  the  evaporation  is  greatest  Many  experiments 
have  been  made  to  determine  the  precise  rate  of  evaporation 
by  different  philosophers,  and  we  learn  that  the  evaporation 
is  confined  entirely  to  the  surface  of  the  water:  hence  it  is  in 
all  cases  proportional  to  the  surface  of  the  water  exposed  to 
the  atmosphere.  Much  more  vapour  of  course  rises  in  mari- 
time countries,  or  those  interspersed  with  lakes,  than  in  inland 
countries.  Much  more  vapour  rises  during  hot  weather  than 
during  cold :  hence  the  quantity  evaporated  depends  in  some 
measure  upon  temperature.  The  precise  law  has  been  happily 
discovered  by  Dalton,  who  says,  in  general,  the  quantity  eva- 
porated from  a  given  surface  of  water  per  minute,  at  any  tem- 
perature, is  to  the  quantity  evaporated  from  the  same  surface 
at  212^,  as  the  force  of  vapour  at  the  first  temperature  is  to 
.  the  force  of  vapour  at  212°.  Hence,  in  order  to  discover  the 
quantity  which  will  be  lost  by  evaporation  from  water  of  a 
given  temperature,  we  have  only  to  ascertain  the  force  of 
vapour  at  that  temperature.  Hence,  we  see  that  the  presence 
of  atmospheric  air  obstructs  the  evaporation  of  water ;  but  this 
evaporation  is  overcome  in  proportion  to  the  force  of  the 
vapour.  The  quantity  of  vapour  which  rises  from  water,  even 
when  the  temperature  is  the  same,  varies  according  to  circum- 
stances. It  is  least  of  all  in  calm  weather,  greater  when  a 
breeze  blows,  and  greatest  of  all  with  a  strong  wind.  See 
Freezing. 

EVBCTION,  in  Astronomy,  the  most  considerable  of  the 
lunar  irregularities,  caused  by  the  action  of  the  sun  upon  the 
moon ;  the  lunar  evection  was  discovered  by  Ptolemy,  and  is 
the  first  irregularity  in  the  motion  of  this  body  with  which  the 
ancients  were  acquainted.  Its  general  and  constant  effect  is 
to  diminish  the  equation  of  the  centre  in  the  syzigies,  and  to 
increase  it  in  the  quadrature,  and  may  be  explained  by  a 
change  supposed  to  take  place  in  the  eccentricity  of  the  lunar 
orbit,  and  at  the  same  time  a  motion  in  the  apogee.  This 
inequality  can  be  represented  very  exactly,  by  supposing  it 
proportional  to  the  sine  of  double  the  angular  distance  of  the 
moon  from  the  sun,  minus  the  mean  anomaly  of  the  moon,  and 
the  co-efficient  to  this  proportion  is  now  generally  stated  in 
modern  astronomical  works  at  1^  20^  28*,  whence  the  formula 
for  the  evection  is 

(lo  2(y  28^)  X  sin.  2  dist.  C  0  —  mean  anomaly  > 
from  which  it  is  easy  to  follow  the  successive  variations  of  this 
equation,  for  in  order  to  this  it  is  only  requisite  to  consider  the 
different  values  which  its  argument  can  take.    It  is  also  very 
easy  to  find  the  period  of  evection  from  the  variation  in  the 


value  of  the  angle  on  which  it  depends.  For  this  parpose  it 
win  be  sufficient  to  calculate  the  variations  of  this  angle  in  a 
given  time,  and  thence  to  conclude  by  a  simple  proportion,  the 
number  of  days  necessary  for  it  to  vary  960^.  This  period 
differs  but  little  from  the  periodic  revolution  of  the  moon ;  vtx. 
27-178&33  days. 

EVERGREEN,  in  Gardening,  a  species  of  perennials  which 
continue  their  verdure  all  the  year. 

EVICTION,  signifies  a  recovery  of  lands  or  tenements  by 
law. 

EVIDENCE,  in  Law,  proof  by  testimony  of  witness  on  oatb, 
or  by- writings,  or  records  adduced  before  a  court,  or  compe- 
tent jurisdiction.  It  is  twofold,  written  or  verbal ;  the  former 
by  records,  deeds,  bonds,  or  other  documents ;  the  Utter  hy 
witnesses  examined  viva  voce,  and  called  technically,  parole 
evidence.  It  is  also  either  absolute  or  presumptive ;  and  may 
be  that  which  is  given  in  proof  by  the  parties,  or  which  the  jury 
know  of  themselves,  for  every  thing  which  makes  a  fact  or 
thing  evident  to  them,  is  called  evidence. 

Witnesses  are  summoned  by  writ  of  subpoena  to  attend,  on 
penalty  of  £100  to  the  king,  and  £10  to  the  parU,  besides 
damages  sustained  by  their  non-attendance.    All  witnesses  of 
all  religions,  who  believe  in   a  future  state  of  rewards  and 
punishments,  are  received,  but  not  persons  infamous  in  law  by 
their  crimes,  nor  persons .  directly  interested  in  the  matter  tt 
issue ;  and  no  counsel  or  attorney  shall  be  compelled  to  disekMe 
the  secrets  intrusted  to  him  by  his  client,  but  he  may  give 
evidence  of  facts  which  he  knew  by  other  means  than  for  the 
purpose  of  the  cause.    One  witness  is  sufficient  to  any  fiict, 
except  in  high  treason,  when  two  are  required ;  bat  that  is 
only  in  treasons  of  conspiracy  against  the  state,  and  not  trea- 
son relating  to  the  coin,  &c.    The  oath  of  the  witness  is  to 
speak  the  truth,  the  whole  truth,  and  nothing  but  the  troth ; 
and  all  evidence  is  to  be  given  in  open  court.    The  genertl 
rules  of  evidence  are : — 1.  The  best  evidence  must  be  gifes 
that  the  nature  of  the  thing  is  capable  of.    2.  No  person  iote- 
rested  in  the  question  can  be  a  witness ;  but  to  this  there  are 
exceptions ;  as,  first,  in  criminal  prosecutions ;  secondly,  for 
general  usage,  for  convenience  of  trade,  as  a  servant  to  prove 
the  delivery  of  goods,  though  it  tends  to  clear  himself  of  neg- 
lect.   3.  Where  the  witness  acquires  the  interest  by  his  owb 
act,  after  the  party  who  calls  him  has  a  right  to  his  evidence. 
The  third  rule  is,  that  hearsay  of  a  matter  of  fact  Is  no  en- 
deuce  ;  but  of  matter  of  reputation,  such  as  a  custom,  it  is  la 
some  sort  evidence.    4.  Where  a  general  character  Is  Uie  mat- 
ter in  issue,  particular  facts  may  be  received  in  evidence,  but 
not  where  it  occurs  incidentally.    5.  In  every  issue  the  aifirma- 
tive  is  to  be  proved.    6.  No  evidence  must  be  given  of  what  is 
agreed,  or  not  denied,  upon  the  pleadings. 

Of  Persons  competent  to  give  Evidence. — The  king  cannot  be 
a  witness  under  his  sign  manual,  and  a  peer  must  be  swora. 
A  judge  and  juror  may  give  evidence.  Members  of  a  corpo- 
ration cannot  be  heard  in  a  cause  of  the  corporation.  la 
actions  against  churchwardens,  &c.  for  money  misspent,  l». 
parishioners  may  be  evidence.  Kinsmen  are  not  to  be  objected 
to.  Husband  and  wife  are  not  received  as  witnesses  for  or 
against  each  other;  and  the  bail  cannot  be  a  witness  for  bis 
principal,  on  account  of  his  direct  interest  in  the  event  Oae 
that  has  any  benefit  under  a  will,  or  deed,  must  release  it 
before  he  can  prove  it  as  a  witness ;  any  devise  to  a  persoa 
who  is  witness  to  a  will,  or  codicil,  is  void,  and  he  shall  be 
received  as  a  witness.  A  bare  trustee,  it  is  said,  may  proves 
deed  made  to  himself.  In  actions  for  penalties  on  usury,  tbe 
borrower,  after  he  has  paid  his  money,  may  be  a  witness  te 
prove  it.  In  actions  against  the  hundred,  a  party  is  reeeived 
as  a  witness  in  his  own  cause.  Persons  not  of  sound  memor/i 
attainted  of  praemunire  or  conspiracy,  convicted  of  felonji 
perjury,  or  other  infamous  crimes,  are  incompetent  to  be 
received  as  witnesses ;  but  these  are  restored  to  competency  by 
the  king's  pardon ;  and  the  witness  shall  nojt  be  asked  aoj 
question  to  accuse  himself,  but  it  must  be  proved  by  prodocii^^ 
the  conviction ;  but  upon  conviction  of  perjury,  under  statute 
5  Eliz.  c.  9,  nothing  but  a  reversal  of  judgment  can  restore  t 
man  to  competency. 

Wills  of  land  must  be  attested  and  subscribed  in  the  pre- 
sence of  the  testator  by  three  witnesses.    In  general,  tin 
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•ourti  are  ineliMd  to  favoar  Oia  nedviaft  of  evtdeBee,  nnd  to 
cunaidet  objectiunt  at  to  iotereit,  lu  |^  more  u  the  credibility 
of  the  Mtlncis  than  to  bii  conpeleoey. 

Wben  ■  witnei*  i>  ooi  liable  to  any  Int*'  objectjon,  he  ts 
ir*t  cKmioed  h)  the  coaatcl  for  the  partjr  on  wfaoae  behilf  be 
comes  to  fi*e  eiideocc.  wfairh  U  called  hi*  eKam illation  in 
chief,  who  ia  not  to  put  what  ii  ealled  leading  qneitioos.  ei'z. 
to  foria  ihem  into  such  a  waj  u  would  iDiinici  the  wiineisea 
in  the  aoiwtrt  he  ia  to  icire.  He  ■•  then  croM-eiamloed  by 
the  other  aide,  wben  IcadiiiK  qocatlona  are  peoesisrily  put: 
ftod  then  he  ia  re-examined  aa  lu  what  lie  has  been  aaked  in 
his  cross-examination.  The  party  examiacd  most  depose  those 
facta  only  of  which  hn  has  an  Imncdiaie  knowledpce  nod  recol- 
lection ;  be  may  lefreali  bis  tnenior;  with  notea  taken  by  hin- 
sclf  at  the  time,  and  if  be  can  then  apeak  posilivdy  aa  to  hia 
recollection,  it  ia  saSoient ;  but  if  he  have  no  reooileclion  fur- 
ther than  lindia^  Ihe  eiUr)  in  his  book,  the  book  ItHdf  moat  be 
produced.  Deeds,  receipt*,  and  writin)ca  Tequiring  stamps, 
■uuat  be  alamped  brfure  they  can  be  received  io  evidence. 
Parole  evidence  shall  not  be  adnittcd  to  annul  or  subftantialty 
^ary  a  written  instrument,  nor  to  explain  the  meanioK  of  a  tes- 
tator in  a  HJIl,  tbouKh  where  there  are  two  persons  of  the  same 
■MDe.and  it  is  doubtful  which  is  tbodeTJaec,  from  an  imperfect 
deacrjptian,  it  mutt  be  prored  by  witnesses  which  is  the  devisee. 
By  the  stainte  of  frauds,  scTeral  thiof;*  most  be  etidenccd  by 
writing,  which  previoasly  muht  be  prored  by  parole  only.  The 
general  rule  has  been,  for  the  last  ceotury,  under  the  ablest 
jodges,  that  no  man  shall  be  asked  a  i|ue*tion,  the  answer  to 
which  mi^ht  subject  him  to  criminai  puniahment  or  pecuniary 
penaltv.  It  has  been  lately  attempted  by  some  jadgea  to 
extend  it  further,  to  prevent  any  fjuestion  beinic  asked  which 
may  de^rHde  a  roan's  character,  which  it  ia  feared  will  deprive 
the  parties  of  all  the  snbatantial  beneSis  of  cross- ex  ami  iia  two. 

EVOLUTION,  in  War,  the  motion  made  by  a  body  of 
troops,  when  obliged  to  chaDfce  their  form  and  dispositioo,  to 
preserve  a  poai,  or  occupy  another,  to  attack  an  enemy  with 
more  advantage,  or  to  bo  in  a  better  condition  of  defending 

BvoLtiTioN,  in  Arithmetic  and  Algebra,  is  the  exIraeiioD 
of  rootsi  being  thus  opposed  to  involution,  wbtchia  the  riaiug 
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EXCENTRICITYoFTHC  OaaiT  of  a  Puket,  in  Aslro- 
Bomj.  ia  the  distance  between  the  centre  and  the  focoi  of  the 
cUipae  in  which  it  revolves.  The  discovery  of  the  cxeentricity 
io  the  orbits  of  the  sun  and  moon  is  attributed  to  Hipparchus, 
who  wrote  a  treatise  on  this  anbjecl  l.'iO  years  before  our  era. 
Tbe  ecentricity  of  the  orbit  is  computed  from  the  greateat 
oquation  of  the  centre,  hy  the  followinf;  proposition :  A  a  67° 
IS'  'U.'d,  (tbe  arc  ^  rad.)  ia  to  half  the  greateat  equation,  so  it 
nd.  =  1  to  the  excnetricily.  Srt  Antronoht  and  Uouation. 

EXCEPTION,  in  Law,  is  a  slop  or  stay  to  any  action.  In 
kw  proceedings,  it  is  a  denial  of  matter  alleged  in  bar  to  an 
■ctioa ;  and  in  chancery,  it  is  what  ia  alleged  against  the  saO- 
otcBcy  of  an  auiwcr. 

EXCESS,  in  Arithmetic  and  Geometry,  ia  the  differcnee 
ktweca  any  two  unequal  numbers  or  qaantitiex. 

EXCH.VNGE,  in  Arithmetic,  is  the  retluciion  of  dilfrrent 
eoias  or  any  denoniinalioiis  of  money,  whether  there  be  real 
coins  anawering  to  them  or  not,  from  nae  to  anoihrr :  or  the 
ft  bod  of  linding  how  many  of  one  aperies,  or  denomination, 
ore  equal  in  laluc  to  a  given  number  of  another :  in  order  to 
which  it  ia  necessary  to  know  the  value  of  the  coins  and 
■oaeys  of  account  of  different  countries,  and  their  proportion 
to  each  other  aerording  to  tbe  settled  rale  of  exchange.  The 
aevcml  operations  in  this  case  are  only  dilTerent  applications 
of  tbe  rale  of  three.  The  par  of  exchange  is  always  fixed  and 
certain,  it  being  tbe  inlriiuic  value  of  foreign  money,  compared 
with  atcrliog :  but  the  oourse  of  exchange  rises  and  fallt  upon 
various  occasions.  Thus  in  some  parts  of  France,  (liey  keep 
tbeir  accounts  as  at  Paria,  Lyons,  and  Rouen,  in  livres,  sols, 
and  dcniers.  and  exchange  liy  the  crown,  ^  4«.  BH.  at  par ; 
and  to  change  French  tnlu  sterling,  we  aay,  Aa  one  crown  la  to 
tbe  liven  rate,  cu  ia  the  French  sum  to  the  sterling  required : 
or  tkwa,  to  change  tterling  into  French,  As  tbe  rate  of  exchange 
i«  tn  MO  crown,  so  it  the  sterling  anm  to  tbe  Freneb  reqaired. 
Ta  illnaUalc  which,  take  Iheoe  exuiplei  • 
3L 


I.  How  mnny  erowni  ranit 
be  paid  at  Paris,  to  receive 
in  London  £!•(>  excbanfe  at 
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9.  A  merchant  at  Paris  re- 
mits to  his  correspondent  iu 
London  «IH)  crowns,  at  *t.  0.1. 
etch,  which  ii  the  value  iu 
sterling ! 

tr.     a.  rr. 
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And  these  examples  will  auScc  for  other  places;  for  where  tbr 
rate  of  exchange  is  known,  we  can  easily  determine  bow  miicn 
nnsi  be  paid  m  received  io  any  transaction  with  a  foreign 
country. 

Ariitrmliom.  or  ComparxMou  of  ExCHAKce,  deierminca  il;r 
method  of  remitting  to,  or  drawing  npoo.  fnreign  places,  in 
such  a  manner  as  shall  be  moat  advantageous  to  (he  nierchaol. 
and  it  either  simple  or  compound. 

SimpU  Arbilrmiion,  respects  three  places  only.  Here,  by, 
comparing  tbe  par  of  arbitration  between  a  fiiat  and  second 
place,  and  between  the  first  nnd  a  third,  the  rale  between  the 
second  and  third  is  discovered  ;  from  whence  a  person  coo 
judge  bow  to  remit  or  draw  lo  the  most  advantage,  and  Io 
determine  what  that  advantage  is. 

Campoimd  ArhtTwlion,  respect*  the  coaca  in  which  the 
exchanges  among  three,  four,  or  more  places  are  concerned. 
A  person  who  knows  at  what  rate  he  can  draw  or  remit 
directly,  and  also  bo*  advice  of  the  course  of  exchange  in 
foreign  parts,  may  trace  out  a  path  for  circalaliag  his  moary. 
through  more  or  fewer  of  such  places,  and  also  io  such  order, 
aa  to  moke  a  benefit  of  his  skill  and  credit ;  and  in  this  lies  tbe 
great  art  of  such  ocgociationa. 

ExcHANOK,  in  Law,  is  a  motnal  grant  of  eqtul  iotereita,  the 
one  in  consideration  of  the  other.  In  exchange,  the  estates  of 
both  parties  should  be  eqnal;  that  is,  if  the  one  bat  a  fee- 
timple  in  the  one  land,  the  other  should  have  a  like  estate  in 
rbe  other  land  :  and  if  Ihe  one  has  fee-toil  in  the  one  land,  the 
other  ought  to  have  the  like  estate  in  the  other  land:  and  so  of 
other  estates. 

EXCHEQUER,  an  anrient  court  of  record,  eslaMished  by 
William  the  Conqneror,  and  intended  principally  to  order  the 
revenues  of  the  crown,  and  lo  recover  the  king's  dehia  and 
duties.  The  court  consists  of  two  divisions,  rU.  the  receipt  of 
tlie  exeheqner,  whirh  manages  the  royal  revenue ;  and  tbe 
judicial,  which  it  subdivided  into  a  court  of  equity,  and  a  court 
of  common  law. 

ExcK(.«UEM  BilU,  bills  or  ticket*  issued  by  the  Exeheqner, 
pay  able  out  of  Ihe  produce  of  a  particular  tax,  or  generally  out 
of  tbe  supplies  granted  for  the  year,  and  receivable  in  all  pay- 
ments to  the  eicheqoer.  The  interesl  payable  on  Ihem  has  been 
at  vnrioQs  rates  according  to  the  current  rale  of  interest  at  the 
time  they  were  issued  ;  tbose  ai  present  (1S34)  tn  circulation, 
bear  interest  at  Ihe  rate  of  2d.  a  day  per  cent.  They  are  fre- 
quently made  out  for  £100  each,  but  Ihoae  Issued  of  late  years 
have  been  chieBy  for  £1000  each,  and  Ibey  have  somriimea 
beetr  made  for  much  larger  anms ;  they  are  numbered  arilbme- 
lically,  and  regliiieted  accordingly,  for  the  purpose  of  paiing 
Ihem  olT  in  regular  course,  the  lime  of  which  ia  notified  by  public 
advertisement.  Tbe  daily  transaction!  between  the  hank  and 
the  exeheoner  are  chiefly  carried  on  by  these  billa,  which  aro 
deposited  by  tbe  bank  in  tbe  exchequer  to  the  amount  of  the 
snmt  received  by  tbem  on  aceoant  of  government ;  the  bank 
notet  and  cash  tboa  received  by  tbe  bank  being  retained  by 
Ihem,  as  tbe  detail  part  of  the  innney-Goaceros  of  government 
is  all  transacted  at  the  bank.  The  insialments  on  loans  are 
paid  Into  the  receipt  oflhe  exeheqnrr  in  exchequer  bllti,  whirh 
are  received  again  by  the  bank  as  cash,  either  fur  the  amount 
ofdiefdenda  doe,  or  in  repayment  of  advances.  When  thts* 
billa  mU  at  a  conaiderahle  discount,  or  any  other  drcumstauce 
indicate*  that  the  qnantily  of  them  la  drcnlalioo  is  too  great, 
th«  Moal  axpodiont  i*  to  food  a  pan  of  tbega,  ihU  io,  lo  cob* 
i  w 
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▼ert  tbem  into  a  permanent  debt,  by  offering  the  holders  of  them 
•took  in  lieu  of  their  bills. 

EXCISE  Duties,  inland  taxes  on  commodities  of  general 
consumption,  bnt  in  general,  the  articles  subjected  to  it  have 
been  such  as  are  not  absolutely  essential  to  subsistence.  Salt 
appears  to  have  been  the  object  of  an  excise  duty  at  a  very 
early  period ;  in  later  times,  oil,  wine,  tobacco,  and  various 
other  consumable  articles,  have  been  burdened  with  duties  of 
this  description. 

Excise,  one  of  the  principal  branches  of  the  public  revenue, 
consisting  of  inland  duties,  or  taxes  on  articles  manufactured 
or  consumed,  whereas  the  duties  of  customs  are  paid  on  goods 
brought  into  or  carried  out  of  the  country. 

Excise,  in  Law,  is  an  inland  imposition,  sometimes  paid 
upon  the  consumption  of  the  commodity,  or  frequently  upon 
the  retail  sale,  which  is  the  last  stage  previous  to  the  consump- 
tion. For  more  easily  levying  the  revenue  of  the  excise,  the 
kingdom  of  England  and  Wales  is  divided  into  about  fifty  col- 
lections, some  of  which  are  called  by  the  names  of  particular 
counties,  others  by  the  names  of  great  towns ;  where  one  county 
is  divided  into  several  collections,  or  where  a  collection  com- 
prehends the  contiguous  parts  of  several  counties,  every  such 
collection  is  subdivided  into  several  districts,  within  which 
there  is  a  supervisor ;  and  each  district  is  again  subdivided 
into  out-rides  and  foot-walks,  within  each  of  which  there  is  a 
ganger  or  surveying  officer.  The  officers  of  excise  are  to  be 
appointed,  and  may  be  dismissed,  replaced,  or  altered,  by  the 
commissioners,  under  their  hands  and  seals ;  their  salaries  are 
allowed  and  established  by  the  Treasury.  If  it  be  proved  by 
two  witnesses,  that  any  officer  has  demanded  or  taken  any 
money,  or  other  reward  whatever,  except  of  the  king,  such 
offender  shall  forfeit  his  office.  By  several  statutes,  no  process 
can  be  sued  out  against  any  officer  of  excise,  for  any  act  done 
in  the  execution  of  his  office,  until  one  month  after  notice  given, 
specifying  the  cause  of  action,  and  the  name  and  abode  of  the 
person  who  is  to  begin,  and  the  attorney  who  is  to  conduct  the 
action ;  and  within  one  month  after  such  notice,  the  officer  may 
tender  amends,  and  plead  such  tender  in  bar ;  and  having  ten- 
dered insufficient  or  no  amends,  he  may,  with  leave  of  the 
court,  before  issue  joined,  pay  money  into  court.  Officers  of 
excise  are  empowered  to  search  at  all  times  of  the  day,  enter 
warehouses,  or  places  for  tea,  coffee,  &c.  But  private  houses 
can  only  be  searched  upon  oath  of  the  suspicion,  before  a  com- 
missioner or  justice  of  the  peace,  who  can,  by  their  warrant, 
authorize  a  search.  The  office  of  excise  has  also  several 
excellent  regulations  for  procuring  the  due  attention  and  good 
conduct  of  their  officers. 

EXCI«USION,  in  Mathematics,  is  a  method  of  coming  at  the 
solution  of  numerical  problems,  by  previously  throwing  out  such 
numbers  as  are  of  no  use  in  solving  the  (]|uestion. 

EXCOECARI A,  a  genus  of  the  triandna  order,  in  the  dioecia 
class  of  plants ;  and  in  the  natural  method  ranking  under  the 
38th  order,  tricoccae.  There  are  two  species.  The  agallocha, 
or  aloes  wood,  is  a  native  of  China  and  some  of  the  India 
islands,  and  is  about  the  same  height  and  form  as  the  olive 
tree.  Its  trunk  is  of  three  colours,  and  contains  as  many  sorts 
of  wood :  the  heart  is  that  of  tambac,  or  calombac,  which  is 
dearer  in  the  Indies  than  gold. 

EXCOMMUNICATION,  an  ecclesiastical  penalty  or  cen- 
sure, whereby  such  persons  as  are  guilty  of  any  notorious 
crime  or  offence,  are  separated  from  the  communion  of  the 
church,  and  deprived  of  all  spiritual  advantages. 

EXCORIATION,  in  Medicine  and  Surgery,  the  galling  or 
rubbing  off  the  cuticle,  or  external  skin.     . 

EXCRETION,  or  Secretion,  in  Medicine,  a  separation  of 
some  fluid,  mixed  with  the  blood,  b^  means  of  the  glands. 

EXECUTION,  in  Law,  is  a  judicial  writ,  grounded  on  the 
judgement  of  the  court  whence  it  issues ;  and  is  supposed  to 
be  granted  by  the  court,  at  the  request  of  the  party  at  whose 
suit  it  is  issued,  to  give  him  satisfaction  on  the  judgment  which 
he  hath  obtained  ;  and  therefore  an  execution  cannot  be  sued 
out  in  one  court,  upon  a  judgment  obtained  in  another.  These 
are  of  different  sorts,  according  to  the  nature  of  the  action : 
In  actions  were  money  is  recovered,  as  a  debt  or  damages,  they 
are  of  five  sorts;  \.  v^ainst  the  body  of  the  defendant;  2.  or 
Ugainst  his  goods  or  chattels ;  3.  against  his  goods  and  the 


grofits  of  his  lands ;  4.  against  the  goods  and  the  possession  a. 
is  lands  ;  5.  against  all  three,  his  body,  lands,  and  goods. 

Execution  of  Criminals^  muut  be  according  to  the  judgment 
and  the  king  cannot  alter  a  judgment  from  hanging  to  l^head 
ing,  because  no  execution  can  be  warranted,  unless  it  be  pur- 
suant to  the  judgment  This  being  the  completion  of  homaD 
punishment,  in  all  cases,  as  well  capital  as  otherwise,  must  be 
performed  by  the  legal  officer,  the  sheriff  or  his  deputy.  Mur- 
derers are  to  be  executed  the  day  next  but  one  after  conrie- 
tion,  unless  it  be  Sunday,  and  anatomized  ;  for  which  reason 
they  are  generally  tried  on  a  Friday. 

EXECUTOR,  a  person  appointed  by  the  testator  to  carry 
into  execution  his  will  and  testaAient  after  his  decease.  The 
regular  mode  of  appointing  an  executor  Is,  by  naming  fain 
expressly  in  the  will ;  but  any  words  indicating  an  intention 
of  the  testator  to  appoint  an  executor,  will  be  deemed  a  sofli- 
cient  appointment. 

EXEGESIS,  a  discourse  by  way  of  explanation,  or  commeat, 
upon  any  subject. 

EXEMPLIFICATION  of  Letters  Patent,  a  transcript  or 
duplicate  of  them,  made  from  the  enrolment  thereof,  and  sealed 
with  the  great  seal. 

EXERCISE,  the  preparatory  practice  of  managing  the  artil- 
lery and  small  arms,  in  order  to  make  the  ship's  crew  perfectly 
skilled  therein,  so  as  to  direct  its  execution  successfully  in  tlie 
time  of  battle.  The  exercise  of  the  great  guns  of  oar  nsTjr 
has  been  as  well  as  all  others,  very  complicated,  and  aboosd- 
ing  with  superfluities,  but  the  following  concise  method  bu 
been  introduced  by  an  ofiicer  of  distinguished  abilities,  witli 
much  success.  As  these  instructions  abound  with  several 
technical  terms,  the  reader,  whenever  at  a  loss,  may  look  for 
any  of  those  articles,  which  are  all  explained  in  this  work. 

Exercue  of  the  Great  Guns, 


1st.  Silence. 

2d.   Cast  loose  your  g^ns. 

3d.    Level  your  guns. 

4th.  Take  out  your  tompions. 

5th.  Run  out  your  guns. 

6th.  Prime. 

7th.  Point  your  guns. 


8th.  Fire. 

9th.  Sponge  your  guns. 

lOth.  Load  with  cartridge. 

11th.  Shot  your  g^ns. 

I2th.  Put  in  your  tompioos. 

13th.  House  your  gnus. 

14th.  Secure  your  guns. 


Upon  beating  to  arms  (every  person  having  immedistelj 
repaired  to  his  quarters)  the  midshipman,  commanding  a  Dom- 
ber  of  guns,  is  to  see  that  they  are  not  without  every  necessary 
article,  as  (at  every  gun^  a  sponge,  powder-horn,  with  its 
priming-wires,  and  a  sufficient  quantity  of  powder,  shot,  crov, 
handspike,  bed,  quoin,  train-tackle,  &c.  sending,  without  delay, 
for  a  supply  of  any  thing  that  may  be  missing ;  and  for  the 
greater  certainty  of  not  overlooking  any  deficiency,  he  is  to 
give  strict  orders  to  every  captain  under  him  to  make  the  like 
examfViation  at  his  respective  gun,  and  to  take  care  that  every 
requisite  is  in  a  serviceable  condition,. which  he  is  to  report 
accordingly.  And  besides  the  other  advantages  of  this  regula- 
tion, for  the  still  more  certain  and  speedy  account  of  being 
taken  upon  these  occasions,  the  midshipman  is  to  give  eack 
man  his  charge  at  quarters,  (as  expressed  in  the  form  of  the 
monthly  report,)  who  is  to  search  for  his  particular  implements, 
and  not  finding  them,  is  immediately  to  acquaint  his  captais, 
that  upon  his  report  to  the  midshipman  they  may  be  replaced. 

The  man  who  takes  care  of  the  powder  is  to  place  himself  oi 
the  opposite  side  of  the  deck  from  that  where  we  engage, 
except  when  fighting  both  sides  at  once,  when  he  is  to  |>e  amid- 
ships. He  is  not  to  sufi'er  any  other  man  to  take  a  cartridge 
from  him,  but  he  who  is  appointed  to  serve  the  gun  with  tluit 
article,  either  in  time  of  a  real  engagement  or  at  an  exercise. 

Lanterns  are  not  to  be  brought  to  quarters  in  the  night,  ootfl 
the  midshipman  gives  his  orders  for  so  doing  to  the  person  he 
charges  with  that  article.  Every  thing  being  in  its  place,  and 
not  the  least  lumber  in  the  way  of  the  guns,  the  exercise  begios 
with — 

1st.  Silence,  At  this  word  every  one  is  to  observe  a  silent 
attention  to  the  officers. 

2d.  Cast  loose  your  Guns.  The  muzzle-lashing  is  to  be  taken 
off*  from  the  guns,  and  (being  coiled  up  in  a  small  compass)  if 
to  be  made  fast  to  the  eye-bolt  above  the  ports.  The  lasbiag- 
tacklea  at  the  same  time  to  be  cast  on,  and  the  middle  of  the 
breechings  seized  to  the  thimble  of  the  pomilion.    The  spooff 
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to  be  Ukeadown,  and  with  the  cfow,  Imndipike,  lie.  laid  upon 
the  deck  by  the  gon.  When  prepared  (br  engaging  an  enemj* 
the  teinng  within  the  clinch  of  the  breeching  it  to  be  cut,  that 
the  gun  maj  come  sufficiently  within  board  for  loading,  and 
that  the  force  of  the  recoil  may  bo  more  ipent  before  it  acts 
upon  the  breeching. 

ad.  Level  tfour  Guns.  The  breech  of  your  metal  is  to  be 
seised  so  as  to  admit  the  foot  of  the  bed's  being  placed  upon 
the  axle-tree  of  the  carriage  with  the  quoin  upon  the  bed,  both 
the  ends  being  even  one  with  the  other.  When  levelled  for 
firing,  the  bed  is  to  be  lashed  to  the  bolt  which  supports  the 
inner  end  of  it,  that  it  may  not  be  thrown  out  of  its  place  by 
the  violence  of  the  gun's  motion  when  hot  with  frequent 
discharges. 

4Ui.  Tmks  out  ^awr  Tampum$.  The  tompion  is  to  be  taken 
OQt  of  the  gun's  mouth,  and  left  hanging  by  its  laniard. 

6th.  Run  out  your  Gun*.  With  the  tackles  hooked  to  the 
upper  bolts  of  the  carriage,  the  gun  is  to  be  bowsed  out  as 
close  as  possible,  without  the  assistance  of  crows  or  handspikes, 
taking  care  at  the  same  time  to  keep  the  breeching  elear  of  the 
tracks,  by  hanling  it  through  the  rings  ;  it  is  then  to  be  bent 
so  as  to  run  clear  when  the  gun  is  fired.  When  the  gun  is 
mn  out,  the  tackle-falls  are  to  be  laid  alongside  the  carriages 
in  neat  fakes,  that  when  the  gun,  by  recoiling,  overhauls  them, 
they  may  not  get  foul,  as  they  would  if  in  a  common  coil. 

Ml.  Prime,  If  the  cartridge  is  to  be  pierced  with  the  prim* 
ing  wire,  and  the  vent  filled  with  powder,  the  pan  also  is  to  be 
filled,  and  the  flat  space,  having  a  score  through  it  at  the  end 
of  the  pan,  is  to  be  covered  ;  and  this  part  of  the  priming  is  to 
be  bruised  with  the  round  part  of  the  horn.  The  apron  is  to  be 
laid  over,  and  the  horn  hong  up  out  of  danger  from  the  flash  of 
the  priming. 

7th.  Poini  ffom-  Gum.  At  this  command  the  gun  is,  in  the 
first  place,  to  be  elevated  to  the  height  of  the  object  by  means 
of  the  side-sights ;  and  then  the  person  pointing  is  to  direct  his 
fire  by  the  upper  tight,  having  a  crow  on  one  side,  and  a  hand- 
spike on  the  other,  to  heave  the  gun  by  his  direction  till  he 
catches  the  object.  The  men  who  heave  the  gun  for  pointing, 
are  to  stand  between  the  ship  s  side,  and  their  •rows  ur  haud- 
Si>ike«,  to  escape  the  injury  they  might  otherwise  receive  from 
their  being  struck  against  them,  or  splintered  by  a  shot ;  uiid 
tlie  man  who  attends  the  captain  with  a  match  is  to  bring  it  at 
Ike  word  ^  point  your  guns,"  and  kneeling  upon  one  knee 
<»pposite  the  train-truck  of  the  carriage,  and  at  such  distance 
as  to  be  able  to  touch  the  priming,  is  to  turn  his  head  from  the 
gnn,  and  keep  blowing  gently  upon  the  lighted  match  to  keep 
it  clear  from  ashes.  And  as  the  missing  of  an  enemy  in  action, 
by  neglect,  or  want  of  coolness,  is  most  inexcusable,  it  is  par- 
ticularly recommended  to  have  the  people  thoroughly  instructed 
in  pointing  well,  and  taught  to  know  the  ill  consequences  of  not 
taking  proper  means  to  hit  their  mark;  wherefore  they  should 
be  made  to  elevate  their  guns  to  the  utmost  nicety,  and  then  to 
point  with  the  same  exactness ;  and  having  caught  the  object 
through  the  upper  sight,  at  the  word 

fith.  Fire,  The  match  is  instantly  to  be  put  to  the  bruised 
part  of  the  priming,  and  when  the  gun  is  discharged,  the  vent 
is  to  be  closed,  in  order  to  smother  any  spark  of  fire  that  may 
remain  in  the  chamber  of  the  gun ;  and  the  man  who  sponges, 
is  immediately  to  place  himself  hy  the  muBs!e  of  the  gun  ia 
readiness,  when,  at  the  next  word, 

9th.  Sponge  your  Gun,  The  sponge  is  to  he  rammed  down 
to  the  bottom  of  the  chamber,  and  then  twisted  round,  to 
extinguish  effectually  any  remains  of  fire ;  and  when  drawn 
out,  to  be  struck  against  the  outside  of  the  muzzle,  to  shake  o([ 
any  sparks  or  scraps  of  the  cartridge  that  may  have  come  oiif 
with  It ;  and  next  its  end  is  to  be  shifted  ready  for  loading  , 
aad  while  this  is  doing,  the  man  appointed  to  provide  a  car- 
tridge is  to  go  to  the  box,  and  by  the  time  the  sponge  is  out  ol 
IIm  inin,  he  is  to  have  it  ready  :  and  at  the  word 

lOCh.  Lomd  with  Cmrtridge,  The  cartridge  (with  bottom  end 
first,  seam  downwards,  and  a  wad  after  it.)  is  to  be  put  into 
Che  gon,  and  thrust  a  little  way  within  the  mouth,  when  the 
raauner.is  to  be  entered ;  the  cartridge  is  then  to  be  rammed 
down,  and  the  captain  at  the  same  time  is  to  keep  his  priming- 
wire  in  the  vent,  and  seeing  the  cartridge,  is  to  give  the  word 
**  hooM»'*  when  tiM  rammer  is  to  be  drawn,  and 'not  before. 


While  this  is  doing,  the  anan  appointed  to  provide  a  shot  is  to 
provide  one  (or  two,  according  to  the  order  at  that  time,)  ready 
at  the  muzzle,  with  a  wad  likewise ;  and  when  the  rammer  is 
drawn,  at  the  word 

llth.  Shot  your  Grnns,  The  shot,  and  wad  upon  it,  are  to  bo 
put  into  the  gun,  and  thrnst  a  little  way  down,  when  the  ram- 
mer is  to  be  entered  as  before.  The  shot  and  wad  are  to  bo 
rammed  down  to  the  cartridge,  and  there  have  a  couple  of 
forcible  strokes,  when  the  rammer  is  to  be  drawn,  and  laid  oat 
of  the  way  of  the  guns  and  tackles,  if  the  exercise  or  action  is 
continued ;  but  if  it  is  over,  the  sponge  ii  to  be  secured  in  tho 
place  it  is  at  all  times  kept  in. 

l*2th.  Put  in  your  Tompioms,  The  tompions  to  be  pot  into 
the  mnszle  of  the  cushion. 

1.1th.  House  your  Gumt.  The  seising  is  to  be  put  on  again 
opon  the  clinched  end  of  the  breeching,  leaving  it  no  slacker 
than  to  admit  of  the  gon's  being  hoisted  with  ease.  The  quoiB 
is  to  be  taken  from  under  the  breech  of  the  gun  and  the  bed, 
still  resting  upon  the  bolt  within  the  carriage,  thrust  under  till 
the  foot  of  it  falls  off  the  axletree,  leaving  it  to  rest  upon  tho 
end  which  projects  out  from  the  foot.  The  metal  is  to  be  let 
down  opon  this.  The  gun  is  not  to  be  placed  exacUy  square, 
and  the  muzzle  is  to  be  dose  to  the  wood,  in  its  proper  plaoo 
for  passing  the  muzzle-lashings. 

14th.  Secure  your  Gum,  The  mossle-lashings  must  first  bo 
made  secure,  and  then  with  one  tackle,  having  ail  its  parts 
equally  taught  with  the  breeching,  the  gun  is  to  be  lashed. 
•The  other  tackle  is  to  be  bowsed  taught,  and  by  itself  made 
fast,  that  it  may  be  ready  to  cast  off  for  lashing  a  second 
breeching.  Care  must  be  taken  to  hook  the  first  tackle  to  tho 
upper  "bolt  of  the  carriage,  that  it  may  not  otherwise  obstruct 
the  reeving  of  the  second  breeching,  and  to  give  the  greater 
length  to  the  end  part  of  the  fall.  No  pains  must  be  spared  in 
bowsing  the  lashing  very  tanght,  that  the  guns  may  have  tho 
least  play  that  is  possible,  as  their  being  loose  may  be  produc- 
tive of  very  dangerous  conseqnences.  The  quoin,  crow,  and 
handspike,  are  to  be  put  under  the  gon ;  the  nowder  bora  hung 
up  in  its  place,  &c. 

**  Being  engaged  at  any  time  when  there  is  a  large  swell,  a 
rough  sea,  or  in  squally  weather,  &c.  as  the  ship  may  be  liable 
to  be  suddenly  much  heeled,  the  port  tackle-fall  is  to  be  kept 
clear,  and  whenever  the  working  of  the  gun  will  admit  of  it, 
the  man  charged  with  that  oflice  is  to  keep  it  in  his  hand ;  at 
the  same  time  tho  muzzle  lashing  is  to  be  kept  fast  to  the  ring 
ot  the  port,  and  heing  hauled  taught,  is  to  be  fastened  to  the 
eye-bolt  over  the  nort  hole,  so  as  to  be  out  of  the  gun's  way  in 
firing,  in  order  to  haul  it  in  at  any  time  of  danger.  This  pre- 
caution is  not  to  be  omitted  when  engaging  to  the  windward, 
any  more  than  fkhen  to  the  leeward,  those  situations  being  very 
subject  to  alter  at  too  short  a  warning.  A  train  tackle  is  ali* a)  s 
to  be  made  use  of  with  the  lee  guns,  and  the  man  stationed  to 
attend  it  is  to  be  \er^  careful  in  preventing  the  gun's  running 
out  at  an  improper  time. 

KxF.RCisE  may  alfo  be  applied  with  propriety  to  the  forming 
a  fleet  into  order  of  sailing,  line  of  battle,  &e.  an  ait  which  tho 
French  have  termed  evolutions  or  tactics.  In  this  sense  exer* 
cise  may  be  defined  tho  execution  of  the  movements  which  the 
different  orders  and  dispositions  of  fleets  occasionally  require, 
and  which  the  several  ships  are  directed  to  perform  by  means 
of  signals. 

EXHAUSTED  Receiver,  a  glass,  or  other  vessel,  out  of 
which  the  air  hath  been  drawn  by  means  of  the  sir-pump.  iS^ 
Pnfi'matics. 

EXHAUSTIONS,  in  Geometry.  Method  of  exhaustions  is 
a  way  of  pro%ing  the  equalitjr  of  two  magnitudes,  hy  a  reductio 
adeiiurdum,  shewing,  that  if  one  be  supposed  either  greater 
or  less  than  the  other,  there  will  arise  a  contradiction.  The 
method  of  exhaustions  was  of  frequent  use  among  the  ancient 
mathematicians,  as  Euclid,  Archimedes,  &c.  It  is  founded  on 
what  the  former  says  in  his  tenth  book,  rtjr.  that  those  quan- 
tities whose  difference  is  less  than  any  assignable  quantity,  are 
equal ;  for  if  they  were  unequal,  however  small  the  difference 
might  be,  yet  it  might  be  so  multiplied,  as  to  become  greater 
than  eitherof  them,  and  if  not  so,  then  it  is  really  nothing. 

EXHIBIT,  in  Law,  is  where  a  writing,  being  produced  in  a 
chancery  suit,  the  comaiissioner  certifies  on  the  back  thereof. 
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thai  the  same  was  shews  to  tho  witneaa  at  the  time  of  hi) 
examination,  and  by  him  sworn  to. 

EXHIBITION,  a  benefaction  settled  for  the  benefit  of  scho- 
lars in  the  oniTcrsities,  that  are  not  on  the  fonndation. 

EXIGENT,  in  Law,  a  writ  which  lies  where  the  defendant 
in  a  personal  action  cannot  be  fonnd,  nor  any  effects  of  bis 
within  the  coantry,  b;  which  be  niaj  be  attached  or  distrained. 

EXOCOETUS,  or  the  Plying  Fish,  in  Icbthyology,  a  genus 
belonging  to  the  order  of  abdoml^ales.  When  parsoed  bj 
anotber  fish,  it  raises  itself  from  the  water  by  means  of  these 
flus,  and  fliei  In  the  air  to  a  considerable  distaoee,  til)  the  fins 
are  dry,  and  then  it  falls  down  into  the  water.  In  its  own 
element  it  is  perpetually  harassed  by  the  dorados  and  other 
fish  of  prey.  Ifit  endeavours  to  avoid  them,  by  having  reconrse 
40  the  air,  it  either  meets  its  fate  from  the  ^lls  or  the  alba- 
tross, or  is  forced  down  ai^in  into  Aemcnitbs  of  the  inhabitants 
ef  the  water,  who  below  keep  pace  with  its  awial  eScaraiooB. 
This  fish  Ik  most  common  between  the  tropics. 

EXOTIC,  an  appellation  for  the  prodoce  of  foreign  coun- 
tries. Exotic  plants  of  the  hot  climates  are  very  numeroas, 
and  require  the  utmo»l  attention  of  the  gardener. 

EXOTERIC  and  ESOTERIC,  are  terms  den oUng  external 
«nd  internal,  and  were  applied  to  the  double  doctrine  of  the 
ancient  philosophers,  the  former  public  and  open,  and  the 
latter  secret,  or  confined  to  a  select  nnrober  of  disciples. 

EXPANSION,  in  Physics,  is  the  enlargement  or  increase  in 
the  bollc  of  bodies,  in  consequence  of  a  change  in  their  tempe- 
rature. This  is  one  of  the  most  general  effects  of  heat,  being 
common  to  all  bodies  whatever,  whether  solid  or  Quid.  The 
expansion  of  solid  bodies  is  determined  by  the  Pyhoheter, 
and  Ibat  of  fluids  by  tho  Thermometer.     See  these  articles. 

Tbe  expansion  of  fluids  varies  considerably;  bat,  in  general, 
the  denser  the  fluid,  the  less  tbe  expansion-,  thus,  water  ex- 
pands more  than  mercury,  and  spirits  ot  wine  more  than 
water ;  and  commonly  the  greater  the  heat,  the  greater  the 
expansion ;  but  this  is  not  universal,  for  there  are  cases  in 
which  expansion  is  prodnced.  not  by  an  increase,  but  by  a 
diminution  of  temperaiure.  Water  furnisheb  us  with  the  most 
reuarfcable  instance  of  diis  kind:  Its  maximum  of  density 
corresponds  with  42^,6  of  Fahrenheit's  thermometer,  when 
cooled  down  below  42^.6.  it  tindergoes  an  expansion  foi  every 
degree  of  temperature  which  it  loses ;  and  at  32°  the  ezpaa- 
■ion  amounts  to  ^  of  the  whole  expansion  which  water  under- 
goes when  heated  from  42° .5  to  212°.  With  Ibis,  more  recent 
experiments  coincide  very  nearly ;  for  by  coolrng  100,000  parts 
in  bnlk  of  water  from  42°. 6  to  32°,  ihey  were  converted  to 
100,031  parts.  The  expansion  of  water  is  the  same' for  any 
number  of  degrees  above  or  betow  tbe  maximum  of  density. 
Thus,  if  we  heat  water  ten  degrees  above  43^.5,  it  occupies  pre- 
cisely the  same  bulk  as  it  does  when  cooled  down  ten  degrees 
below  42° .5.  Therefore  the  density  of  water  at  32"  and  at  53° 
is  precisely  the  same.  Daltoo  cnoled  water  to  the  tempera- 
ture of  6°  without  freezing,  or  37° .5  below  the  maximum  point 
of  density ;  and  during  the  whole  of  that  range,  its  bnlk  pre- 
cisely corresponded  with  the  balk  of  water  tbe  same  number  of 
degrees  above  42° .5. 

Tlie  prodigions  force  with  which  water  expands  in  the  act  of 
freeing,  is  shewn  by  glass  bottles  filled  with  water,  which  are 
commonly  broken  in  pieces  when  the  water  freezes.  A  brass 
globe  whose  cavity  is  an  inch  in  diameter,  may  be  burst  by 
filling  it  with  water  and  fVeeslng  it.  and  the  force  necessary  for 
this  effect  is  37,720  this  weight.  Tbe  expansive  force  of  freez- 
ing water  may  be  explained,  by  supposing  it  the  consequence 
of  a  tendency  which  water,  in  coniohdatin;c,  is  observed  to 
have  to  arrange  its  particles  in  one  determinate  manner,  so  as 
to  form  prismatic  crystals,  crossing  each  other  at  angles  of 
W  and  120°.  The  force  with  which  they  arrange  themselves 
in  (his  manner  must  be  enonnoos,  since  it  enables  small  qnan- 
titiea  of  water  to  overcome  so  great  mechanical  pressures.  This 
observation  is  conspicnously  illustrated  by  observing  the  crys- 
tals of  ice  on  a  piece  of  water  expose^  to  the  action  of  tbe  air 
ia  frosty  weather ;  or  upon  a  pane  of  glass  in  a  window  of  a 
room  without  a  Gre,  at  the  same  season.  Various  methods 
have  been  tried  to  ascertain  the  speciHc  gravity  of  ioe  at  32?; 
that  which  suoceeded  best  was  to  dilate  spirits  of  wine  with 
water  till  m  mass  of  solid  ico  pnt  into  it  remained  in  any  part 


of  tire  liquid  without  eltfaiar  sfttking  or  riainif.  Tbe  apercM 
gravity  of  such  a  liqaid  is  0.92,  whi<A  of  coarae  is  the  speHk 
gravity  of  ice,  supposing  the  specific  gravity  of  water  at  fllfi  to 
be  I.  This  is  an  expansion  much  greater  than  water  experi- 
ences even  when  heated  to  212°.  its  boJIiug  poinL  We  see 
from  this,  that  water,  when  converted  into  ice,  no  loBger  ob- 
serves that  eqaabte  expansion  meascred  by  Dalton.  hat  nader- 
goes  a  very  rapid  and  considerable  angmeatalioo  of  bnlk. 

EXPARTE,  a  term  nsed  in  the  Court  of  Chancery,  wbea  a 
commission  is  taken  out  and  executed  hy  one  aide  or  pailf 
only,  npon  the  other  parties  neglecting  or  refusing  tojoid  tikereia. 

EXPECTATION,  in  the  Doctrine  of  Chances,  ia  the  valat 
any  pros [lect  of  prize  or  property  depending  upon  tiie  happen- 
ing of  some  uncertain  event,  the  value  of  which  in  afl  cases  ii 
eqari  to  tbe  whole  som  multiplied  by  the  probabitity  that  th 
event  on  which  it  depends  may  happen. 

ExFBCTitTtCN,ia  the  Doctrine  of  Life  Anniiil»es,  denotes  Ail 
particular  number  of  years  which  a  life  of  a  giv«n  age  has  sa 
equal  chance  of  enjoying,  or  tbe  time  which  a  person  of  * 
given  age  may  jostly  expect  to  live.  But  Simpson  has  aheas 
that  this  period  does  not  coincide  with  that  which  writers  oi 
annnities  cat!  the  expectation  of  life,  except  on  a  sappotitim 
of  a  noiform  decrease  in  the  probabilities  of  life  ;  and  Dr.  Price 
adds,  that  even  on  this  supposition  it  does  not  ooiocide  witk 
what  is  called  the  expectation  of  life,  in  any  case  of  joint  litei. 
See  SuBVivoRBHiP.  The  expectation  of  life  coinoidea  with  tbe 
sums  of  tbe  present  probabilities,  that  any  single  or  joiatlife 
shall  attain  to  the  end  of  the  first,  second,  third,  See.  Broawati 
from  this  time  to  the  end  of  their  possible  existence,  or  in  esse 
of  survivorships,  with  the  snm  of  the  probabilities,  that  ther* 
shall  be  a  survivor  at  the  expiration  of  those  perioda.  Fraa 
which  principles  Dr.  Price  has  shewn  how  Demoivra  dodneeJ 
his  rules  for  deteiinining  the  expectation  of  any  given  6fc. 
Simpson's  Table  of  the  Expectation  of  Life  in  London,  is  u 
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From  this  table,  tbe  expectation  of  life,  at  any  age,  is  bond 
on  inspection ;  thus,  a  person  of  20  years  of  age  has  an  txf» 
tation  of  living  289  years,  and  in  the  samo  manner  loay  bi 
found  the  expectation  at  any  other  age. 

EXPECTORANTS,  in  Pharmacy,  mediciaeawhidipnMaM 
expectoration;   such  are  the  stimnlating  gams  and  sesiM, 

EXPECTORATION,  the  act  of  evacoaring  or  brioRi^if 
phlegm,  or  other  matters,  out  of  the  traobea  aad  Inogs,  bj 
coughing.  &o. 

EXPERIMENT,  in  Philosophy,  is  a  trial  of  tbe  efect  « 
result  of  certain  applications  and  motions  of  natural  bti4ies,ia 
order  to  discover  their  natures,  laws,  relations,  &g. 
-  EXPERIMENTAL  pHiLosot-HV.  is  that  whiofa  dedacM  Urt 
lawa  of  nature,  the  propertiea  and  powers  of  bodies,  and  tbd> 
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krtioas  npoa  Meh  otber,  Trmtt  aencibla  experimenU  >ad  obter- 
•aiioiM.  In  our  inqoitics  iota  nitore,  we  we  to  be  guided  by 
Ifaoae  rale*  Mid  mkiiina  wbioh  mie  found  Kenulae,  uid  oon«o- 
n*(i(  to  a  juit  method  of  phjifeal  reaaoiuDS  ;  and  these  rulei 
are  bj  Sii  Iiaac  Newton  reckoned  faar,  vir.  I.  More  caa tea 
or  natural  thinRi  are  not  to  be  admitted,  than  aio  true,  and 
•ufficicnl  lo  explain  ifae  phenomena ;  for  nature  is  limple.  and 
doea  BothinK  in  v^a.  2.  Therefore  of  natural  effect*  of  the 
•ante  kind,  the  aame  causes  are  to  be  assigned,  as  far  as  it  can 
be  done ;  ai  of  reapiration  lo  man  and  bcaita,  of  the  deiceni  of 
atones  in  Europe  and  America,  of  light  in  a  culinary  fire  and  in 
tb«  >ua,  and  of  tiie  re6ecuoa  of  light  in  Uie  earth  and  tbe  other 
planela.  3.  The  ^uaJities  of  aatural  bodies  which  cannot  be 
increased  or  diminished,  and  agree  to  all  bodies  on  whioli 
Bxperimenta  can  be  made,  are  to  he  reckoned  as  the  qnaliiies 
of  ail  bodies  whatever ;  tbns,  becaune  extension,  diTiiibllity, 
knrdBeas,  in  penetrability,  mobility,  tbe  vis  inertia,  and  graiity, 
are  fnnnd  in  all  bodies  under  onr  inspection,  we  ma;  conclade 
tbat  they  belong  to  all  bodies  whatever,  nod  of  which  they  are 
tbe  original  and  aniversai  properties.  4.  In  experimental 
philosophy,  propositions  collected  from  (he  phenomena  by 
induction,  are  to  be  deemed  (notwithstanding  contrary  bjpo- 
theces)  either  exactly,  or  very  nearly  true,  till  other  phwnomena 
occur,  by  which  they  may  be  rendered  more  accurmie,  or  liable 
to  CKception.  This  ought  to  be  done,  leil  argument  of  indno- 
lioa  should  be  destroyed  by  hypotbesea,  and  logical  series  be 


ment,  is  so  termed  on  account  of  it*  being  like  a  cross,  placed 
la  the  meeting  of  several  roads,  gaidiog  men  to  the  true  know- 
ledge of  what  they  are  Inquiring  after;  or  on  account  of  itj 
being  a  kind  of  tortare,  whereby  the  nature  of  the  thing  is  dis- 
covered by  force. 

EXPLOSION,  in  Natural  Philosophy,  a  sudden  and  violent 
expanaionof  an  aerial  or  other  elasliotluid,  by  which  il  instantly 
throws  off  any  obstacle  in  its  wtf.  Explosion  differs  from 
expansion  in  this ;  that  the  latter  is  a  gradual  power,  acting 
■niformly  for  some  time,  whereas  the  former  is  momentary. 
The  expansions  of  solid  snhstances  do  not  terminate  in  violent 
CKplaaions,  on  nccoDut  of  their  slowness,  and  the  small  space 
throngh  which  tbe  expanding  substance  moves.  Thus  we  find, 
that  though  wedges  of  wood,  when  welted,  will  cleave  solid 
blocka  of  stone,  they  never  throw  tbem  to  any  distance,  as 
(anpowder  does.  On  the  other  band,  it  is  seldom  that  the 
expansion  of  any  elastic  Quid  bursts  a  solid  substance,  without 
throwing  the  fragments  of  it  to  a  considerable  distance.  Tbe 
I*  of  this  may  be  comprised  in  these  particulars  ;  1.  Tbe 
e  velocity  with  which  the  aerial  Quid*  expand. 


to  that  of  solid  substances.  Thus  air,  heated  as  much  as  iron 
when  bronght  to  a  white  heat,  is  expanded  to  four  times  its 
h«]k  :  bat  the  metal  itself  will  not  be  expanded  tbe  OOOib  part 
•f  that  space.  Id  the  case  of  gunpowder,  the  velocity  with 
which  the  flame  moves  is  calculated  by  Hr.  Robin*,  to  be  no 
Icaa  than  7000  feet  in  a  second,  or  little  leas  than  70  miles  per 
■iants.  Hence  the  impnlse  of  the  fluid  is  inconceivably  great, 
wsd  tlw  ohataoles  on  which  it  strikes  are  carried  off  with  vast 
vclocHy,  Ihoogh  much  less  than  that  just  mentioned ;  for  a 
caaaoB-ball,  with  tbe  greatest  charge  of  powder,  does  not 
MBVC  at  a  greater  rate  than  3400  feel  per  second,  or  little  more 
Ohm  27  Mrie*  per  minute.  Tbe  velocity  of  the  ball  again  is 
pronoted  by  the  sudden  propagation  of  the  heal  through  the 
whole  body  of  tbe  air,  as  soon  as  it  is  extricated  from  the 
■aieriala  of  which  the  gunpowder  is  made,  so  tbai  it  is 
—  "d  to  strike  all  at  once,  and  thus  greatly  to  augment 
ivenents  of  tbe  ball.  We  may  conclude,  upon  these 
■lea,  that  the  force  of  an  explosion  depends,  I.  on  (be 
latity  of  elastic  fluid  to  be  expended ;  3.  on  the  velocity 
,  lirea  by  a  certain  degree  of  beat:  and  3.  on  (he  cele> 
titj  with  which  the  degree  of  heat  affects  the  whole  of  the 
•xpaaaUe  Baid.  These  three  take  place  in  tbe  greatest  perfeo- 
tioa  whM«  the  electric  fluid  is  oonoemed,  asin  lightning,  earth- 
^oakea  and  volcanoes.    •!»«•  Stbsh. 

EXPONENT.  (Q  Algebra,  a  number  placed  over  aay  power 
«f  iavo'vcd  qaaatitj,  to  ahew  to  what  heifht  ib«  not  ia  niaad ; 


thva  the  anmber  3  ia  the  axpoaent  of  «■,  and  4  the  expoaent 

EXPORTATION,  in  Commeroe,  the  art  of  sendiag  goad« 

out  uf  one  country  Into  another, 

BX  POST  FACTO,  in  Law,  somethiaK  done  after  another: 
thus,  a  law  Is  said  to  be  ei  OMt /act»  wita  it  is  enacted  to 
punish  an  offence  committed  before  the  passing  of  the  law ;  a 
violation  of  tbe  plainest  principles  of  justice. 

EXPRBSSBD  OILS,  in  Chemistry,  are  those  which  an 
obtained  from  bodies  only  by  pressing,  to  disiingoisb  thea 
from  animal  and  essential  oils,  which  last  are  for  the  moat  part 
obtained  by  distillation. 

EXTENSION,  in  Philosophy,  one  of  the  common  and  esse»> 
tial  properties  of  body,  or  that  by  which  it  possesses  or  takes 


.      „        -  to  tho 

aheriff,  for  the  valuing  of  lands  or  tenemeols ;  and  aometimea 
the  act  of  the  sheriff,  or  other  commissioner,  upon  this  writ: 
but  most  commonly  it  denotes  an  estimate  or  valuation  of 
lands,  and  hence  come  our  exlendtd  or  rack  rents. 

EXTERMINATION,  in  general,  the  exiirpaiing  or  destroy- 
ing something.  In  Algebra,  surds,  fractions,  and  unknowB 
quantities,  are  exterminated  by  the  rales  observed  forredociaf 
equations. 

EXTRA  JvDic;sL,  In  Law.  is  when  judgment  is  given  la  a 
cause  or  case  not  depending  in  that  court  where  such  judg- 
ment is  given,  or  wherein  the  judge  ha*  no  jurisdiction,  or  legal 
aulhorily. 

BxTas  ParoeUml.  out  of  any  pariah ;  privileged  or  exempted 
from  the  dnties  of  a  pariah. 

EXTRACT,  in  Pharmacy,  Is  a  solntion  of  the  purer  parta  of 
a  mixed  body  inspissated,  by  ilittillatjan  or  evaporation,  nearlj 
to  the  consistence  of  honV' 

BxTascT,  exists  in  almost  all  plants,  and  consists  priacipalljr 
of  astringent  matter,  and  extract ;  by  the  action  of  water  upon 
it,  the  astringent  matter  is  first  dissolved,  and  may  be  sepa- 
rated from  (he  extract.  Extract  is  slway*  more  or  less 
coloured ;  it  is  soluble  in  alcobol  and  water,  but  not  soluble  in 
ether.  It  unites  with  alumina  when  that  earth  is  boiled  in  a 
solution  or  extract ;  and  it  is  precipitated  by  the  salts  of  aln- 
mlna,  and  by  many  metallic  solutions,  particularly  tbe  solatioa 
of  muriate  of  tin.  From  the  products  of  its  distillation,  it  seems 
to  be  composed  principally  of  hydrogen,  oxygen,  carbon,  and 
a  little  asote. 

EXTRACTION  or  TKt  SQLsaa  Root.  ExtraoUog  the 
square  root  is  to  find  out  such  a  number  as.  being  mal^plied 
into  itself,  the  product  will  be  equal  to  tbe  given  number. 
RuU  1.  Point  the  given  unmbeT,  beginning  at  the  unit's  place, 
I  then  to  the  hundreds,  and  so  upon  every  second  flgnrc  tbfongh- 
I  ooL  3.  Seek  the  greaiest  square  number  in  the  irst  point 
',  towards  the  left-hand,  placing  tbe  sqnarc  number  under  the 
I  BrsI  point,  and  the  root  thereof  in  the  quotient ;  subtract  the 
I  square  number  from  tbe  first  point,  and  (o  the  remainder  hrins 
I  down  the  next  pninl,  and  call  tbat  the  Rttolrtiul.  3.  Double 
I  tbe  quotient,  and  place  it  for  a  divisor  on  the  left-hand  of  (he 
resolvend  ;  seek  bow  olXen  tbe  divi*or  is  contained  in  the 
i  resolvend,  (preserving  alwajs  the  unit's  place,)  and  put  the 
answer  in  the  quotient,  and  also  on  the  rignt-hand  side  of  the 
I  divisor;  then  multiply  by  the  figure  last  put  in  the  quotient, 
and  subtract  the  product  from  the  resolvend  ;  bring  down  tbe 
next  point  to  the  remainder,  (if  there  be  any  more  >  and  pro- 
ceed as  before. 

ExmmpU.     What  is  the  square  root  of  1  19 
ll9D2a(3t&  Aii4 


04)080 


«XT 


Estraot  the  root  of  the  co-efficteot  for  (he  QDmHioal  put, 
4inde  tba  index  of  the  letter.,  or  letters,  bj  the  expooent  of 
the  proposed  root,  and  it  will  give  the  answer  required.  Urns 
the  sqttfire  root  •(  &«•  =  Sx*  =  Sx;  and  the  eahe  root  of 


JMCTIOMART   Of   HECHAVICIL   SOIimOE. 


«x»  ; 


:  8*. 


t,  and  (iiooeed  as  auler : 
Bk.  1.  Bstract  the  aqvare  root  of  za  —  Ai*  +  «;fi—4x  +  1. 
X*  —  4j:*  +  e**  —  4*  +  1  («•  —  2i  +,l  =  root 


21*—  2*)—  4i»  +  fea» 
—  41*  +  4ar» 


3.  Extract  the  aqnsre  root  of  4<i<  +  13a'z+13a>a*  +  fiez*4-«< 
*4(««  +  I2«'i  +  I3«'x'  +  6a*'  +  jf«  (2««  + 3«i  +  z» 


TV/aif  lie  Roo(«  <y  Puwtri  in  $nm-al.— Find  the  root  of  the 
Drat  tenn,  and  plaee  it  io  the  quotient;  subtract  its  power 
from  that  term ;  then  bring  down  the  second  teim  of  the  diti- 
dead.  IdtoItb  the  root,  last  found,  to  the  next  Imuttt  power, 
and  maltiply  it  br  the  index  of  the  given  power  for  a  divisor ; 
divide  the  dividend  bj  this  divisor,  and  the  qaotient  wjil  be 
the'  next  term  of  the  root.  Involve  now  the  whole  root,  and 
subtract  and  divide  as  before ;  and  so  on  till  the  whole  is 


£r.  I.  Required  the  square  root  of  a*— 2a'z+ 3a*  ari — Zaz'+z'. 


«* 

—  2o>*  +  a'l' 

= 

a>  — 

mx 

3a*}2a)i4 

«• 

-Sa'z4-Sa'3<  — 

2<] 

!*  + 

I* 

Ex.  3.  Extract  the  cube  root  of  z*  +  Oi*  —  40z>  +  96z  z=  64, 
■r*  +  «a»_  40z>  +  86z— B4(«'  +  2*—  4 


a*+  6»*+  la**  -h  Bj'=(z'  +  2r)' 

az")—  12z' 

z«+  aa*  — 40g'  +  OBz— 64  :=(»■  + 2z 


-<)* 


EKTR4CT10N  aftke  C^e  Root.  To  extract  the  cube  root  it 
to  And  oat  a  number,  which  bein^  mnltiptied  into  Itself,  and 
then  Into  that  product,  pTodocelh  the  given  namher.  A«/e  I. 
'Point  everr  third  flgore  of  the  cube  given,  beginning  at  thr 
vnil's  plaee  ;  seek  the  greatest  oabe  to  the  Brst  point,  and  anb- 
traot  it  therefrom;  put  the  root  in  the  quotient,  and  bring, 
down  the  figures  in  the  next  point  to  the  remainder  for  e 
rttohmd.  2.  Find  Adititor,  by  multiplying  the  square  of  the 
qaotient  by  3.  See  how  oftrn  it  ia  contained  in  the  resnlvend, 
rejecting  the  units  and  lens,  and  pnt  the  answer  in  the  tjuo- 
tient.  3.  To  find  the  tublrakend.  I.  Cabe  the  last  figure  in 
the  quotient.  2.  Malliply  all  the  figures  in  the  qaotient  by  3, 
except  the  last,  and  that  product  by  the  sqnare  of  the  last.  3. 
Multiply  the  divisor  by  the  last  figure  :  Add  these  products  to- 
gether, and  they  will  give  the  iubtmliend  ;  which  subtract  from 
the  resolvend;  to  the  remainder  bringdown  the  next  point, 
and  proceed  as  before. 

Jtooti.       1.       3.       8.       &.       6.       7.       8.       9. 

Cubti.        1.       8.     93,  125.  216.  343.  512.  72». 


EnmfU.    WhBtistbeoaberoatorflBiUa847f 


Square  of  4  X  3  =  48)3d36Z  resolvemJ. 


216  =  cube  of  6. 
431   :=  4  X  ax  br  square  oft 
S88     =  divhor  X  fcj  6 


Divisor,  33336  s«btraheKd. 
tqoare  oT  46  x  3  =  «34B)  1616847  resolveBd. 


27  =  cnbe  of  8. 
1242   =46X3K  bjaqmnofl 
UKM4     =  divisor  X  by  9. 

1616647  snbb^cBd. 


A  mart  Coucim  Method  of  Extracting  the  Cube  Root.~R»b  L 
Point  every  third  figure  of  the  cube  given,  beginning  at  Ihe 
unit's  place,  then  find  the  biithest  cnhe  to  the  first  point,  aid 
subtract  it  therefrom,  put  the  root  in  the  qnolient,  liring  doBS 
the  figures  in  the  next  point  to  the  remainder  for  a  rosolveod.— 
2.  Square  the  quotient,  and  triple  the  square  for  a  divisor. 
As  4  X  4  X  3  =  48.  Find  how  often  it' is  contained  iathe 
resolvend,  rejecting  units  and  tens,  and  put  the  answer  la  the 
quotient.— 3.  Square  the  lail  Bgnre  in  the  quotient,  and  pat  it 
on  the  r^bt-hand  of  the  divisor.  As  6  X  6  =  38  pnt  10  As 
divisor  4  8  =  4tt  36.-4.  Triple  the  last  figure  in  the  ciaotteat, 
and  multiply  by  the  former,  put  it  under  the  other,  unit*  onder 
the  lens,  add  them  together,  and  multiply  the  sum  bj  the  hul 
figure  in  the  qaotient,  subtract  that  product  from  the  resolvend, 
bring  down  the  next  point,  and  proceed  as  before. 

Example.    What  is  the  cube  root  of  90252847  > 


The  square  of  4  x  3=  48  divisor. 
The  square  of  6  put  to  4S  =  4838 


The  square  of  46=  2116  X  3  =  6348 divisor. 
The  square  of  3  =  t  put  to  6348  =  634600 
3  X  3  X  46  =   414 

meow  X 


idias4T 


leiflw 


Another,  and  a  very  simple  method  of  extra«tiDg  tte  elk 
root,  is  as  follows  :  Point  off  the  pven  ntmAer  in  petle4i ' 
three  figures,  beginning  at  the  unit's  plaee.  Find  the  iM«  st 
the  last  period,  t.  e.  the  period  on  the  leH-hand  aide  of  As 
number;  subtract  this  root,  as  in  the  following  example,  whcit 
64  is  taken  from  96 ;  to  the  remainder  35  bring  down  the  atit 
period  263,  and  seek  a  divisor  by  multiplying  the  aqaare  rf 
the  quotient  4 (i.e.  16)  by  300,  and  the  produet  4S00  wfll  I* 
the  new  divisor,  which  is  ountained  in  aSGSa  six  tioHt;  H( 
this  6  in  the  quolieni.  Bringdown  the  two  periods  W  and  HI 
into  one  aum  062&2 ;  now  cul>e  the  quotient  46,  and  plaee  M 
product  97336  under  the  dividend  ;  subtract  the  on  be  inm  Hii 
dividend,  and  to  the  remainder  IB16,  bring  down  the  nsit 
period  in  the  dividend,  viz.  S47  ;  square  the  qaolieBt  46,  pri- 
tiply  diis  square  by  SOO  for  a  divinor,  find  how  ofleti  it  la  *•■■ 
lained  in  1916847,  viz.  three  times ;  set  this  3  in  the  (fMtiML 
Bring  down  the  wiiile  dividend  99.252.B47,  oabe  the  aaotisBl 
463,  and  subtract  ith  product  as  before,  and  so  on  till  OM  dtiW 
dend  is  exhausted  >— 


BT  I 


DICnOVARY   or   MBCIIANICAL  8C1BNCB. 


BT  B 


Tku 


09|9«I|847(4ASI 
64 


X    300  ==  4^00    35ift2(6 

28»00 


90-202 
40>  =:     l^33G 


X   300  =  634800     19I6H47  (3 

1(MM400 


463|*  =     903512847 


ACTOR,  in  Midwifery,  an  initrument,  or  forceps,  for 

0%  rliili]n*n  by  the  head. 

t  AD08,  the  outside  of  an  areh  of  a  bridge,  vault,  &c. 

»0E. 

:AVAS\T10N,  in  contasions,  and  other  accidents  of 
urn,  ix  \»  hen  one  or  more  of  the  blood-vessels  distri- 
I  the  dura  mater,  are  broken,  whereby  there  is  such  a 
e  of  bluod  U.I  oppresses  the  brain,  frequently  bringing 
It  pains,  aod  at  length  death  itself,  unless  the  patient 
relieved. 

:EME  and  Mkan  Proportional.  See  Proportional, 
LE.MES,  Conjunct  and  DisiLNCT,  in  Spherical  Trigo- 
,  arc,  (he  former,  the  two  circular  parts  that  lie  next 
le  part,  and  tlie  latter,  the  two  that  lie  remote  from  the 
»art.  These  were  the  terms  applied  by  Napier  in  his 
1  theorem,  commonly  called  Napier's  Circular  Parts. 
flJPs,  among  naturalists,  denotes  the  cast-oflT  parts  or 
s  of  animals,  as  the  skins  of  serpenU,  caterpillars,  and 
ects. 

the  organ  of  sight,  consisting  of  several  parts,  so 
to  each  other  as  to  answer  the  purpose  of  distinct 
ken  placed  in  a  pro|x>r  situation  with  regard  to  light 
c  The  eye,  though  properly  a  subject  of  anatomy,  is 
oted  with  the  doctrine  of  vision,  that  its  structure  must 
inderstood  before  any  advances  can  be  made  in  that 
ind  as  such  it  becomes  a  matter  of  philosophical 
and  must  nut  thererore  be  wholly  omitted  in  the  pre- 
k,  although  our  limits  «iill  only  admit  of  a  brief  illus- 
f  its  construction  and  principal  mode  of  operation, 
exed  figure  represents 
D  of  the  huniHn  e>e, 
a  plane,  which  is  per- 
ar  to  the  coats  whieh 
its  several  humouts, 
)  to  the  no9c.  Its  form 
r  spherical,  and  would 
lly  so,  were  not  the 
a  little  more  convex 
remainder ;  the  parts 
I  A  B,  are.  in  reality,  segments  of  a  greater  and  less 
The  humours  of  the  e>e  are  contained  in  a  firm  coat 
.  called  the  tcierottcn  ;  the  more  convex  or  protnbe* 
t  of  mhtrh,  H  A  li,  is  transparent,  and,  from  its  con- 
and  horny  appearance,  it  is  called  the  comem.  This 
^pretented  li>  the  spnee  contained  between  the  two 
circles  H  P,  B  A.  Contiguous  to  the  sclerotica  is  a 
t>at,  of  a  soHer  substanee,  called  the  cAororiW^t;  this 
^presented  by  the  next  nhite  sp»ee.  and  extends  along 
part  of  the  sclerotica  to  the  cornea.  From  the  junc- 
le  choroci<les  and  cornea,  arises  the  Mrrii,  Ba,  oa.  a 
ne  membrane,  in  the  forepart  of  which,  and  nearly  in 
",  is  a  circular  aperture  called  the  pupil.  The  pupil  is 
>f  b«*inc  enlarged  or  contracted  mith  rreat  readiness  ; 
I  means,  a  greater  or  less  number  of  rays  may  be 
into  the  eye.  as  the  eircnmstanees  of  vision  require, 
light,  too  few  rays  might  render  objects  indistinct ; 
strong  light,  too  many  mieht  injure  the  organ.  Whilst 
I  is  thus  enlarged  or  contracted,  its  figure  remains 
I.  This  reninrknble  effect  is  thought  to  be  produced 
I  of  small  (ihres  whieh  arise  from  the  outer  circumfe- 
ibe  uvea.  and>  tends  towards  its  centre ;  this  cirnini- 


ft 


T. 


II 


fereiic«  it  iJso  fuppoted  to  te  nmtcvlmr,  and  by  Its  ef|«ial 
action  upon  the  6bres,  un  each  side,  the  form  of  the  pupil  is 
preserved,  whilst  its  dkimeter  is  enlarged  or  contracted. 

At  the  back  part  of  the  eye,  a  littlu  nenrer  to  the  nose  than 
the  point  which  is  opposite  to  the  pupil,  enters  the  apiie  merre 
V,  a  hick  spreads  itself  over  the  whole  of  the  choroeidcs  like  a 
rine  net,  and  from  this  circumstance  is  called  tlir  rHimm,  it  is 
immersed  in  a  d.irk  mucus,  which  adheres  to  the  choroeidcs. 
These  three  coats,  the  sclerotica,  the  choroeidcs,  and  the  retina^ 
enter  tlie  socket  of  the  eye  at  the  same  place.  The  sclerotica 
is  a  continuation  of  the  Hura  mmUr,  a  thick  membrane  which 
lies  immediately  under  the  scull.  The  choroeidcs  is  a  con- 
tinuation of  the  pia  mater,  a  fine  thin  membrane  abich  adheres 
closely  to  the  brain.    The  retina  proneeds  from  the  brain. 

Within  the  eye,  a  little  behind  the  pupil,  is  a  soft  transpa- 
rent substance,  £  D  £,  nearly  of  the  form  of  a  double  convex 
lenst  the  anterior  surface  of  which  is  less  curved  than  the  pos- 
terior, and  rounded  off  at  the  edges,  E,  £,  as  the  figure  repre- 
sents. This  humour,  which  is  nearly  of  the  eonsistency  of  n 
hard^elly,  decreasing  gradually  in  density  from  the  ecotre  to 
the  circumference,  is  called  the  crystalline  humour.  It  is  kept 
in  its  place  by  a  muscle  called  the  ligamentnm  cHimre^  which 
takes  its  rise  from  the  junction  of  the  choroeidcs  and  cornea, 
and  is  a  little  convex  towards  the  uvea.  The  ca\  itv  of  the  eye, 
hetaecn  the  cornea  and  crystalline  humour,  is  filled  a ith  trans- 
parent fluid  like  water,  called  the  aauetms  humour.  The  cavity 
between  the  crystalline  humour  and  the  bark  part  of  the  eye. 
Is  also  filled  with  a  transparent  fluid,  rather  more  viscous  than 
the  former,  called  the  vitreous  humour. 

It  is  not  easy  to  ascertain,  with  great  accuracy,  the  refract- 
ing powers  of  the  several  humours;  the  refracting  powers  of 
the  aqueous  and  vitreous  humours  are  nearly  equal  to  that  of 
water  ;  the  refracting  power  of  the  crystalline  humour  is  some- 
what greater.  The  surfaces  of  the  several  humours  of  the  eye 
are  so  situated  as  to  have  one  line  perpendicular  to  them  all. 
This  line,  A  I)  P,  is  called  the  axis  of  the  eye,  or  optic  axis. 

The  focal  centre  of  the  fjfr,  is  that  point  in  the  axis  at  which 
the  image  upon  the  retina  and  the  object  subtend  equal  angles. 
This  point  is  not  far  distant  from  the  posterior  surface  nf  the 
crystalline  lens,  though  its  situation  is  probably  subject  to  a 
small  change,  as  the  figure  of  the  eye,  or  the  distance  of  the 
object.  Is  dhangcd. 

From  the  consideration  of  the  structure  of  the  eye,  we  mtj 
easily  now  understand  how  the  notices  of  external  objects  are 
conveyed  to  the  brain.    Let  PQ  R,  in  the  annexed  figure,  be 

an  object,  towards  which  the 


axis  of  the  eve  is  directed  ; 
then  the  rays  which  diverge  from 
any  point  Q.  and  fall  upon  the 
convex  surface  of  the  aqueous 
humour,  have  a  degree  of  cuu- 
vergeucy  given  them ;  they  are 
then  refracted  by  a  double  convex  lens,  denser  than  the  am- 
bient mediums,  which  increaiies  the  convergency :  and  if  the 
extreme  rays  Q  H,  Q  I,  have  a  proper  degree  of  divergency 
before  incidence,  the  pencil  mill  be  again  collected  upon  the 
retina,  at  q,  and  there  form  an  image  of  Q.  In  the  same  man- 
ner, the  rays  which  diverge  from  any  other  points,  P,  R,  in  the 
object,  will  be  collected  at  the  corresponding  points,  p,  r,  of  the 
retina,  and  a  complete  image,  ;>,  7.  r,  of  the  object  P  Q  R,  will 
be  formed  there.  The  impressi<in  thus  made,  is  conve}ed  to 
the  brain  by  the  optic  nervr^,  ahich  originates  there,  and  is 
evidentlv  calculated  to  answer  this  purpose. 

Here  it  will  be  observed,  that  since  the  axis  of  the  several 
pencils  cross  each  other  at  O,  the  focal  centre  of  the  eye,  the 
image  upon  the  retina  is  inverted  with  respect  to  the  object, 
and  }et  it  furnishes  the  mind  aith  the  idea  of  its  being  erect. 
This  is  a  difficulty  that  has  produced  considerable  discusftiun 
amongst  philosophers,  and  the  most  satisfactor>  explanation 
which  can  probably  be  given  Is,  that  expciience  alone  teaches  us 
what  situation  of  an  external  object  corresponds  to  a  particular 
impression  upon  the  retina.  Some  opticians,  howc\er,  are 
unwilling  to  concede  this  point,  and  contend  that  the  obicct  is 
reflected  from  the  retina  to  another  substance  on  which  they 
are  painted,  and  thus  give  to  the  eye  exactly  the  constraction 
of  m  Gregorian  telescope. 
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The  followiog  measare  of  the  erystalline  and  cornea,  were 
taken  by  Dr.  Gordon  and  Dr.  Brewster,  from  the  eye  of  a 
female  aboTe  60  years  of  age,  a  few  hoars  after  death. 

Diameter  of  the  crystalline, » 0*378 

Diameter  of  the  cornea, 0'400 

Thickness  of  the  crystalline, 0*172 

Thickness  of  the  cornea, 0*042 

Measures  of  the  refractive  powers  of  the  humours  of  the 
same  eye : — 

Index  of  R«ft«c)ion. 

RefraotiYe  power  of  water, 1  '3358 

Ditto,  of  aqueous  humour, 1*3366 

Ditto,  of  vitreous  humour, 1*3394 

Ditto,  of  outer  coat  of  crystalline, 1*3767 

Ditto,  of  middle  coat  of  ditto, 1*3786 

Ditto,  of  central  part  of  ditto 1*3990 

Ditto,  of  the  whole  crystalline, 1*3839 

The  range  of  the  eye,  or  the  field  of  vision,  may  be  taken  at 
110  degrees. 

Eye,  in  Architecture,  is  used  to  signify  any  round  window 
made  in  a  pediment,  an  attic,  the  reins  of  a  vault,  or  the  like. 

Eye  of  a  Dome,  an  aperture  at  the  top  of  a  dome,  as  that  of 
the  Pantheon  at  Rome,  or  of  St.  Paul's  at  London :  it  is  usually 
covered  with  a  lantern. 


Eye,  in  Agriculture  and  Gardening,  Birnifiea  a  lllll^  bud,  or 
shoot,  inserted  into  a  tree  by  way  of  graiL 

Eye  o^a  TVee,  a  small  pointed  knot  to  which  the  leaves  stick, 
and  from  which  the  shoots  or  sprigs  proceed. 

EnE  of  a  Block  Strop,  is  thai  part  by  which  it  is  faatened  or 
suspended  to  any  particular  place  upon  the  sails,  masts,  or 
rigging;  the  eye  is  sometimes  formed  by  making  two  eje- 
splices  on  the  ends  of  the  strop,  and  then  fastening  them  toge- 
ther with  a  small  line,  so  as  to  bind  round  a  mast,  yard,  or 
boom,  as  is  deemed  necessary. 

Eye  of  a  Stay,  that  part  of  a  stay  which  is  formed  into  a  sort 
of  collar  to  go  round  the  mast-head. 

Flemish  Eye,  is  a  phrase  particularly  applied  to  the  eye  oft 
stay,  which  is  either  formed  at  the  making  of  the  rope,  orbj 
dividing  the  yarns  into  two  equal  parts,  knotting  each  pair 
separately,  and  pointing  the  whole  over. 

Eye-^o/<,  a  long  bar  of  iron,  with  an  eye  in  one  end  of  i^ 
formed  to  be  driven  into  the  decks,  sides,  (kc.  for  the  poipoie 
of  fastening  ropes,  or  hooking  tackles  to. 

Byes  of  a  Ship,  a  name  frequently  given  to  those  parts  whick 
lie  near  the  hawse  holes,  particularly  in  the  lower  apartacatf 
within  the  vessel. 

EYELET  Holes,  round  holes  worked  in  a  sail,  to  adait  a 
small  rope  through,  chiefly  the  robins  (or  rope-bandfl),  and  tht 
points  or  reeMine. 


F. 


P  A  C 


FAG 


9  the  sixth  letter  of  the  Alphabet.  As  a  numeral  it  denotes 
40,  and  with  a  dash  over  it  thus  F  40,000.  In  Music  it  stands 
for  the  bass-clef,  and  frequently  for  forte,  as^does  for  forte 
forte.    F,  in  Medicine,  stands  for  fiat,  let  it  be  done. 

FA,  in  Music,  one  of  the  syllables  invented  by  Guide  Are- 
tine,  to  mark  the  fourth  note  of  the  modem  scale  which  rises 
thus,  ut,  re,  mi,  fa.  Musicians  distinguish  two  fa's,  vtz.  the 
flat,  marked  thus  t^ ;  the  sharp,  marked  thus  ^  :  and  the 
natural,  marked  thus  }^  ;  and  called  biquadro.  Fa  Jinto,  a 
feigned  F,  or  a  feint  upon  that  note. 

FABLE,  a  tale  or  feigned  narration,  designed  either  to 
instnict  pr  amuse,  disguised  under  the  allegory  of  an  action. 

Fab|LB  is  also  used  for  the  plot  of  an  epic  or  dramatic  poem  ; 
and  is,  according  to  Aristotle,  the  principal  part,  and  the  son! 
of  a  poem. 

^  FACE  OF  A  Stone,  in  Masonry,  that  superficies  of  it  which 
lies  in  the  front  of  the  work.  The  workmen  generally  chuse  to 
make  one  of  those  sides  the  face,  which,  when  in  the  quarry, 
lay  perpendicularly  to  the  horizon,  and  consequently'the  break- 
ing, not  the  cleaving  way  of  the  stone. 

FACET,  or  Facette,  among  jewellers,  the  name  of  the  little 
faces  or  planes  in  brilliant  and  rose  diamonds. 

FACTITIOUS,  any  thin^:  made  by  art,  in  opposition  to  what 
is  the  produce  of  nature.  Thus,  factitious  cinnabar  is  opposed 
to  native  cinnabar. 

FACTOR,  in  Arithmetic,  a  name  given  to  the  multiplier  and 
multiplicand,  because  they  constitute  the  product. 

Factor,  in  Commerce,  an  agent  employed  by  a  merchant  or 
merchants,  to  sell  goods,  or  buy  goods,  at  some  remote  or 
foreign  place,  and  to  negotiate  bills,  &c.  upon  a  certain  fixed 
allowance  or  commission.  The  supercargo  and  factor  differ  in 
this*;  the  supercargo  takes  care  of  goods  which  he  accompanies 
to  some  destined  place,  and  then  returns  to  his  employers : 
The  factor  resides  abroad,  and  executes  business  for  difi^erent 
merchants.  But  their  duties,  and  the  circumstances  for  which 
they  are  accountable,  are  the  same.  They  procure  the  best 
intelligence  of  the  markets ;  execute  their  business  with  all 
the  despatch  possible ;  are  punctual  in  their  correspondence ; 
act  under  absolute  or  limited  power ;  but  it  is  incumbent  on 
'tfie  employer,  if  he  challenge  his  factor's  proceedings,  to  prove 
that  he  could  himself  have  done  better.  And  a  factor  is  never 
warranted  to  deal  or  trust  with  any  persons,  unless  allowed 


by  his  employers,  and  with  persons  of  good  credit.  In  case  of 
bankruptcies,  a  factor  can  lay  attachments,  and  advise  kii 
employers  thereof.  Goods  seized  through  his  negligenoe,  he 
must  pay  for.  If  a  factor  become  insolvent,  his  employers,  not 
his  creditors,  recover  the  prices  of  all  goods  sold  by  him  for  ike 
said  employers.  There  are  various  other  duties  too  tedioas 
to  mention,  which  belong  to  the  office  of  factor,  and  which  eta 
only  be  known  from  practice. 

FACTORAGE,  called  also  Commistion,  is  the  allowanoe givca 
by  merchants  to  the  factors  whom  they  employ.  In  Britain  it 
is  about  2\  per  cent;  in  Italy  2\  ;  in  Spain,  France,  HoUaad, 
Dantzic,  Portugal,  2  percent.;  in  Turkey,  3  per  cent;  it 
North  America  5  per  cent,  on  sales,  and  5  per  cent,  oo  retmii 
In  the  West  Indies  8  per  cent  on  sales  and  storage,  &c 

FACTUM,  is  the  product  arising  from  the  m^tipUoatioB  of 
several  factors  ;  thus  35  is  the  factum  of  5  times  7. 

FACULTY,  a  privilege  granted  to  a  person  doing  what,  bj 
law,  he  ought  not  to  do.  For  granting  these  privileges,  there 
is  a  court  under  the  archbishop  of  Canterbury,  called  the  oooit 
of  the  faculties. 

Faculty,  in  the  Schools,  a  term  applied  to  the  different me«- 
bers  of  an  university,  according  to  the  arts  and  sciences  taa|^     | 
there ;  as  1.  Arts.    2.  Theology.  3.  Physic.   And  4.  Civil  Law. 

Faculty  of  Advocates,  a  term  applied  to  the  ooUege  or 
society  of  advocates  in  Scotlano,  who  plead  in  all  aetiooi 
before  the  Court  of  Session.    They  meet  in  the  beginmng  of 
every  year,  and  choose  the  annual  officers  of  the  society,  fit*     ' 
dean,  treasurer,  clerks,  private  and  public  examinators,  aadt     \ 
curator  of  the  library. 

Faculty  is  also  used  to  denote  the  powers  of  the  hmsis 
mind,  vis.  understanding,  will,  memory,  and  imagination. 

FiECES,  in  Chemistry,  the  gross  matter,  or  aedimeaty  tkit 
settles  at  the  bottom  after  distillation,  fermentation,  &c. 

FAGARA,  Ironwood,  a  genus  of  the  monogynia  order,  ia  Ike 
tetandria  class  of  planta,  and  in  the  natural  method  raaklai 
under  the  43d  order,  dumose.  There  are  10  species,  aU  native! 
of  America,  rising  with  woody  stems  more  than  20  feet  hif^ 

FAGNANO,  Jules  Charles,  a  distinguished  Italian  matke- 
matician,  born  about  the  year  1600,  early  in  the  etghteestk 
century  published  several  memoirs,  in  the  Italian  journals,  os 
the  transcendental  analysis ;  there  are  also  many  pieces  of  tbe 
same  author  in  the  Leipsic  Acts,  which  were  anerwards  pob> 
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liAlird  by  himself,  with  some  other  papers,  ander  the  title  of 
'*  Mathematical  Productions ;"  Pesaro,  4to.  1750. 

FAG  US,  the  Bteek  Tree,  a  genus  of  the  polyandria  order  In 
the  monorria  class  of  plants ;  and  in  the  natural  method  rank- 
ioK  under  the  6(Hh  order,  amentaceae.  There  are  five  species. 
The  most  remarkable  arc;  1.  The  sylvatica,  or  beech  tree, 
which  rises  60  or  70  feet  high,  and  has  a  proportionable  thick- 
ness. 2.  The  castanea.  or  chestnut  tree,  has  a  large  apright 
ironk  growing  40  or  50  feet  high.  3.  The  pumila,  dwarf  chest- 
nut trer,  or  chinkapin,  rises  eight  or  ten  feet  high. 

FAIR,  a  greater  kind  of  Market  granted  to  a  town,  by 
priTilege.  for  the  mure  speedy  and  commodious  buying  and 
aelling,  or  providing  such  things  as  the  place  stands  in  need  of. 
It  \s  incident  to  a  fair,  that  persons  should  be  free  from  l>eing 
arrested  in  it  for  any  debt,  except  that  which  has  been  con- 
tracted in  the  same ;  or,  at  least,  promised  to  be  paid  there. 
These  fairs  are  usually  held  twice  a  year,  in  some  places  only 
once  a  >ear;  and  by  statute,  they  shall  not  be  held  longer  than 
they  ought  by  the  lords  thereof,  on  pain  of  their  being  seised 
into  the  king's  hands,  6bc.  Also  proclamation  Is  to  be  made, 
bow  Ionic  tlicy  are  to  continue ;  and  no  person  shall  sell  any 
floods  after  the  fair  is  ended,  on  forfeiture  of  double  the  value, 
one-fourth  to  the  prosecutor,  and  the  rest  to  the  king.  There 
is  a  toll  usually  paid  at  fairs,  for  the  privilege  of  erecting  stalls 
from  which  to  sell  goods,  as  well  as  booths,  either  for  enter- 
taiment  or  pastime. 

pAia,  a  yreneral  term  for  the  disposition  of  the  wind  when  it 
is  favourable  to  a  ship's  course,  in  opposition  to  what  is  con- 
trary or  foul.  This  term,  when  applied  to  the  wind,  is  much 
more  comprehensive  than  Lmrge,  since  the  former  seems  to 
toclode  about  eighteen  points  of  the  compass,  or  at  least  six- 
teen, w  hereas  Lartfe  is  confined  to  the  beam  or  quarter,  that  is, 
to  a  wiad  which  crosses  the  keel  at  right  angles,  or  obliquely 
from  the  stern,  but  never  to  oue  right  astern.  See  the  articles 
Large  and  Scant. 

Fair  CVrve,  in  delineating  ships,  is  a  winding  lire,  whose 
shape  is  varied  according  to  the  part  of  the  ship  it  is  intended 
to  describe.  This  curve  is  not  answerable  to  any  of  the  figures 
of  conic  sections,  although  it  occasionally  partakes  of  them  alL 

Fair  Wm^,  the  channel  of  a  narrow  bay,  river,  or  harbour,  in 
which  ships  usually  pass  in  their  way  up  and  down  ;  so  that  if 
any  vessels  are  anchored  therein,  they  are  said  to  lie  in  the 
iair  way. 

FAIRY  CIR.CLE,  or  Ring,  a  phenomenon  frequent  in  the 
ields,  &c.  supposed  by  the  vulgar  to  be  traced  by  the  fairies  in 
their  dances :  there  are  two  kinds,  one  of  about  seven  yards  in 
diameter,  containing  a  round  bare  path  a  foot  broad,  with  groen 
grass  in  the  middle  of  it.  The  other  is  of  different  bigness,  eneom- 
passed  with  a  circumference  of  grass,  greener  and  fresher  than 
that  in  the  middle.  Some  attribute  them  to  lightning ;  and  others 
to  m  kind  of  fungus  which  breaks  and  pnlverises  the  soil. 

FAKE,  one  of  the  circles  or  windings  of  a  cable  or  hawser, 
as  it  lies  disposed  in  a  coil.  The  fakes  are  greater  or  smaller, 
ia  proportion  to  the  extent  or  space  which  a  cable  is  allowed 
to  occupy  where  it  lies. 

FALCADE.  in  the  Manege,  the  motion  of  a  horse  when  be 
throws  himself  upon  his  haunches  several  times  in  very  quick 
carvrets,  which  is  done  in  forming  a  stop  and  half  stop. 

F  VLCATED,  horned,  as  the  moon  in  the  1st  and  3d  quarter. 

FALCO,  a  genus  of  birds  lielonging  to  the  order  of  aeci- 
pitrcs.  The  eagle,  kite,  and  hawk,  form  this  genus  ;  of  which 
there  are  32  species.  1.  The  leucocephalus,  bald,  or  white- 
headed  eagle,  is  ash-coloured,  with  head  and  tail  white.  3. 
The  ossifrtgus,  sea-eagle,  or  o^prey,  with  yellow  wax,  and 
half-feathered  legs,  is  about  the  sise  of  a  peacock ;  the  feathers 
are  white  at  the  base,  iron-coloured  in  the  middle,  and  Mack 
at  the  points ;  and  the  legs  are  yellow.  3.  The  charysaetos, 
or  golden  eagle,  weighs  about  twelve  pounds,  and  is  in  length 
about  three  feet,  the  wings  when  extended  measiiring  about 
sevea  feet  four  inches.  The  sight  and  sense  of  smelling  are 
very  aeote:  the  head  and  neck  are  clothed  with  sharp-pointed 
feaihers.  of  a  deep  brown  colour,  bordered  with  tawny ;  the 
hiad  part  of  the  head  in  particular  is  of  a  bright  msty  ooloar. 
4.  Tke  eyaneos,  or  hen-harrier,  with  white  wax,  yellow  legs,  a 
wkHish-blae  body,  and  a  white  ring  round  the  eyes  and  throat 
di  TIni  albicilla,  or  cinereous  eagle,  is  inferior  ia  siae  to  the 
»2. 


golden  eagle  ;  the  head  and  neck  are  of  a  pale  ash- colour,  the 
body  and  wings  cinereous,  coloured  with  brown;  the  ouill 
featbers  very  dark  ;  the  tail  white ;  the  legs  feathered  but  litUr 
below  the  knees,  and  of  a  very  bright  yellow.  0.  The  macula- 
tos,  or  crying  eagle,  is  in  colour  of  a  ferruginous  brown  ;  the 
coverts  of  the  wings  and  scapulars  are  varied  with  while  spots  ; 
the  primaries  dusky,  the  ends  of  the  greater  white ;  the  breast 
and  belly  of  a  deeper  colour  than  the  rest  of  the  plumage, 
streaked  with  dull  yellow  ;  the  tail  is  dark  brown,  tipt  with 
dirty  white ;  the  legs  are  feathered  to  the  feet,  which  are  yellow. 
The  length  of  the  bird  is  two  feet.  7.  The  milvus,  or  kite,  is  a 
native  of  Europe,  Asia,  and  Africa.  This  species  generally 
breeds  in  large  forests  or  woody  mountainous  countries.  Its 
nest  is  composed  of  sticks,  lined  with  rags,  bits  of  flannel,  rope, 
and  paper.  Its  motion  in  the  air  distinguishes  it  from  all  other 
birds,  being  scarcely  perceptible.  Sometimes  it  will  remain 
ouita  motionless  for  a  considerable  space;  at  others,  rlide 
through  the  sky  without  the  least  apparent  action  of  its  wings. 
They  inhabit  the  north  of  Europe,  as  high  as  Jalsberg,  in  the 
sooth  of  Norway.  8.  The  gentilis,  or  gentil  faleon.  inhabits 
the  north  of  Scotland,  and  was  in  high  esteem  in  the  days  of 
falconry.  9.  The  suhbuteo.  or  hobby,  was  used  in  falconry ; 
particularly  in  what  was  called  daring  of  larks.  10.  The  buteo, 
or  bnssard,  the  most  common  of  the  hawk  kind  in  England, 
breeds  in  woods,  and  usually  builds  on  an  old  crow's  nest, 
ahich  it  enlarges,  and  lines  with  wool  and  other  soft  materials. 
11.  The  tinnunculus,  or  kestrel,  breeds  in  the  hollows  of  trees, 
in  the  holes  of  high  rocks,  towers,  and  ruined  buildings.  12. 
HelisDtns,  the  fishing-hawk  of  Catesby,  called  the  osprey,  mea- 
sures, from  one  end  of  the  wing  to  the  other,  five  feet  and  a  half, 
is  a  species  of  vast  quickness  of  sight ;  and  will  see  a  fish  near 
the  surface  from  a  great  distance,  descend  with  rapidity,  and 
carry  the  prey  with  an  exulting  scream  high  into  the  air.  The 
bald  eagle  bears  the  note,  and  instantly  attacks  the  hawk,  who 
drops  the  fish,  which  the  former  catches  before  it  can  reach  the 
ground  or  water.  Besides  these,  there  are  some  other  species 
distinguished  by  ornithologists,  but  which  it  is  unnecessary  to 
particularise  here. 

FALCONRY,  the  exercise  of  taking  wild  fowl  by  means  of 
hawks.  The  falcons  or  hawks  that  were  in  use  in  these  king* 
doms  are  now  found  to  breed  in  Wales,  and  in  North  Britain 
and  its  isles.  The  peregrine  falcon  inhabits  the  rocks  of  Caer- 
oarvonshire.  The  same  species, » ith  the  gy r-falcon,  the  gentil, 
and  the  gos-hawk,  are  found  in  Scotland,  and  the  lanner  in 
Ireland.  This  diversion,  though  very  ancient,  and  in  such  high 
request,  that  many  of  the  gentry  and  nobility  hold  their  estates 
of  the  crown  on  condition  of  supplying  the  king  with  hawks,  is 
DOW  disused. 

FALLING  Star,  in  Meteorology,  a  phenomenon  that  is  fre- 
qneotly  seen,  and  which  has  been  usually  supposed  to  depend 
on  the  electric  fluid.  Sir  Humphrey  Davy,  in  a  lecture  deli- 
vered at  the  Royal  Institution,  gave  many  reasons  against  this 
opinion :  he  conceives  that  they  are  rather  to  be  attributed  to 
falling  stones.  It  is  observable,  that  when  their  appearance  is 
frequent,  they  have  all  the  same  direction ;  and  it  has  been 
remarked,  that  they  are  the  forerunners  of  a  westerly  wind  in 
oar  country. 

FALLOPIAN  TvsES,  in  Anatomy,  are  two  ducts  arising  ia 
the  womb,  one  on  each  side  of  the  fundus,  and  thence  extended 
to  the  ovaries :  these  have  their  name  from  their  resemblance 
to  a  trumpet,  and  that  of  Gabriel  Fallopius,  a  physician  of 
Italy,  in  the  16th  century,  who  is  reportea  to  have  first  ascer- 
tained the  use  and  office  of  these  tubes. 

FALLOW  Land,  is  ground  that  has  been  left  untilled  for  a 
lime,  in  order  that  it  may  recover  Itself  from  an  exhausted 
state ;  but  to  render  a  barren  soil  fertile,  it  ought  to  be  fre- 
quently turned  up  to  the  air,  and  to  have  mixed  with  it 
manures  of  animal  dungs,  decayed  vegetables,  lime,  mari, 
sweepings  of  streets,  ke.  Id  turning  over  the  soil,  the 
chief  implements  of  the  gardener  are  the  spade,  the  hoe,  aod 
the  mattock ;  and  those  of  the  farmer,  are  the  plough,  the  har- 
row, the  roHer,  the  scythe,  aod  the  sickle.  And  as  a  sueces- 
sioo  of  the  same  crops  tends  to  impoverish  the  soil,  a  rotation 
of  different  crops  is  necessary.  Potatoes,  grain,  aad  white 
orops,  are  exhai  mr :  but  after  them,  the  scdl  is  aiaeliorated 
by  Urea,  greea  or  plaai  crops.    On  stiff  soils. 
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clorcr,  beans,  wheat,  cabbafces,  and  oats,  may  be  cultivated  in 
succession ;  and  on  light  soils,  potatoes,  tornips,  pease,  oats, 
and  barley,  may  socceed  each  other.  The  g:eneTal  rnle  is,  one 
crop  for  man,  and  one  for  beast.  This  plan  of  varying  the 
crops  is  a  new  discovery.  Formerly,  land  lay  long  in  fallow ; 
that  is  to  say,  was  not  worked  every  third  or  fourth  year ;  bat 
now  it  is  usual,  by  varying  tiie  crops,  to  get  two,  three,  or  four, 
crops  in  a  year  from  the  same  soil,  without  its  being  exhansted ; 
and  fallowing  is,  consequently,  found  to  be  unnecessary. 

FALSETTO,  that  species  of  voice  in  a  man,  the  compass  of 
which  lies  above  his  natuml  one,  and  is  produced  by  constraint. 

FALSE  Imprisonment,  in  Law.  To  constitute  the  injury  of 
false  imprisonment,  two  points  are  necessary :  the  detention  of 
the  person,  and  the  unlawfulness  of  such  detention.  Every 
confinement  of  the  person  is  imprisonment,  whether  in  a  com- 
mon prison,  or  a  private  house,  or  even  by  forcibly  detaining 
one  in  the  streets  or  highways. 

FARINA  FcECUNDANS,  in  Botanical  language,  the  dust  on 
the  apices  or  antheree  of  flowers,  which  being  received  into  the 
pistil,  or  seed-vessel  of  plants,  fecundates  the  rudiments  of  the 
seeds  in  the  ovary,  which  would  otherwise  come  to  nothing. 

FARM,  a  Messuage,  or  district  containing  house  or  land, 
with  other  conveniences,  hired  or  taken  by  lease,  either  in 
writing  or  parole,  under  a  certain  yearly  rent.  Farms  vary  in 
aise,  from  fifty  to  one  thousand  acres.  Arable  farms  are  gene- 
rally smaller  than  those  employed  in  pasture,  or  grazing. 
These,  from  two  to  four  hundred  acres,  are  the  most  beneficial 
to  the  occupiers  and  the  public.  Farmers  are  called  arable 
farmers,  when  they  are  chiefly  employed  in  raising  corn  ;  and 
pasture  or  grass  farmers,  when  they  are  engaged  in  rearing  and 
fattening  sheep,  and  other  live  stock.  Farms  are  either  laid 
out  according  to  the  taste  of  the  owners  or  occupiers,  in  all  *he 
simplicity  of  pastoral  pootry ;  or  in  such  an  assortment  of  tillage, 
arable  land,  woods,  coppices,  &c.  as  conve}'  a  distinct  notion 
of  the  pure  Arcadian  demesne  ;  or  as  a  simple  farm  laid  out 
with  a  sufficient  adaptation  of  wood  and  water,  of  arable  and 
pasture  land,  outhouses,  cottages,  and  other  improvements 
suggested  by  extensive  or  contracted  enclosures,  as  may 
exhibit  the  good  En«;lish  farm.  But  to  form  an  idea  of  an 
ornamented  farm,  Woobnm  farm,  near  Weybridge,  in  Surrey, 
which  brings  every  rural  circumstance  and  appendage  within 
the  verge  of  a  garden,  ought  to  be  seen. 

FARRIERY,  the  art  of  shoeing  horses  and  caring  their 
diseases ;  though  the  word  veterinatnus,  horse  doctor,  would  be 
more  applicable  to  the  veiemafy  ari.    See  Horse. 

FARTHING,  the  fourth  part  of  a  penny ;  originally  the 
fourth  thing,  or  the  fourth  in  the  integer  one  penny. 

FARQUH  AR^Georg  e,  an  ingenious  poet  and  dramatic  writer, 
the  son  of  an  Irish  clergyman,  was  born  at  Londonderry  in  1678. 

FASCIJB.  in  Astronomy,  certain  parts  on  Jupiter's  body 
resembling  belts  or  swaths.  They  are  more  lucid  than  the  rest 
of  that  planet,  and  are  terminated  by  parallel  lines,  sometimes 
broader,  and  sometimes  narrower. 

FASCINES  in  Fortification,  faggots  of  small  wood  of  about 
a  foot  diameter,  and  six  feet  long,  bound  in  the  middle,  and  at 
both  ends. 

FASCIOLA,  in  Zoology,  the  Fluhe  or  Gowrd  Worm ;  a  genus 
of  insects  of  the  order  of  vermes  intestina,  of  which  there  are 
several  speiues,  as  the  hepatica,  or  liver  fluke,  which  bears 
some  resemblance  to  the  seed  of  the  common  gourd,  and  is 
found  in  fresh  waters,  ditches,  at  the  roots  of  stones,  sometimes 
in  the  intestines,  and  often  in  the  substance  of  the  other  viscera 
in  quadrupeds.r 

FASHION  Pieces,  the  aftmost  or  hindmost  timbers^  of  a 
ship,  which  terminate  the  breadth,  and  form  the  shape  of  the 
stern ;  they  are  united  to  the  stern  post,  and  to  the  extremity 
of  the  wing  transom  by  a  rabbet,  and  a  number  of  strong  nails 
or  spikes  driven  from  without. 

FASTI,  in  Roman  Antiquity,  the  calendar  wherein  were 
expressed  the  several  days  of  the  year,  with  their  feasts,  games, 
and  other  ceremonies. 

FAT,  animal  oil,  in  its  concrete  substance,  deposited  in 
diflferent  parts  of  animal  lKN*ies.  Many  causes  contribute  to 
dissolve  the  fat  in  animals,  as  intemperature  of  the  body, 
labour  of  mind,  violent  exercise,  scanty  diet,  &c. ;  and  rest, 
case,  sleep,  plentiful  food,  generate  fat.    Larks  and  ortolans 


will  fatten  in  34  hours.  To  obtain  fat  ymre,  it  must  be  cut  in 
pieces,  and  cleaned  from  the  interposed  membranes  and  ves- 
sels ;  then  cleaned  from  its  gelatinous  matter  by  water ;  after- 
wards melted  with  a  little  water,  and  kept  in  a  fluid  state  till 
the  water  has  entirely  evaporated,  which  is  known  by  the  dis- 
continuance of  the  boiling,  for  the  water  alone  causes  it  to 
appear  boiling;  it  is  then  put  into  clean  vessels  for  ate  in 
pharmacy,  the  arts,  &c. 

Fat,  likewise  denotes  an  uncertain  measure  of  capacity. 
Tlius  a  fat  of  isinglass  contains  from  3|  cwt.  to  4  cwt. ;  a  fat 
of  unbound  books,  four  bales;  of^wire,  from  dO  to  25  cwt; 
and  of  yam,  from  2^  to  1221  bundles. 

FATA  MORGANA,  a  singular  aerial  phenomenon,  seen  in 
the  straits  of  Messina.    When  the  rising  sun  shines  from  that 
point  whence  its  incident  ray  forms  an  angle  of  about  forty-five 
degrees  on  the  sea  of  Reggio,  and  the  bright  surface  of  tbe 
water  in  the  bay  is  not  disturbed  either  by  the  wind  or  current, 
when  the  tide  is  at  its  height,  and  the  waters  pressed  up  by 
currents  to  a  great  elevation  in  the  middle  of  the  channel ;  tbe 
spectator  being  placed  on  an  eminence  with  his  back  to  the 
sun,  and  his  face  to  the  sea,  the  mountains  of  Messina  rising: 
like  a  wall  behind  it,  and  forming  the  back  ground  of  the  pic- 
ture ;  on  a  sudden  there  appears  in  the  water,  as  In  a  catop- 
tric theatre,  various  multiplied  objects ;  that  is  to  say.  nam- 
berless    series  of  pilastres,  arches,   castles,  well   delineated 
fegular  columns,  lofty  towers,  superb  palaces,  with  balconiei 
and  windows,  extended  alleys  of  trees,  delightful  plains,  with 
herds  and  flocks,  armies  of  men  on  foot,  on  horseback,  and 
many  other  strange  images,  ia  their  natural  colours,  and  pro- 
per actions,  passing  rapidly  in  succession  along  the  surface  of 
the  sea,  during  the  whole  of  the  short  period  of  time  while  tlie 
above-mentioned  causes  remain.    All  these  objects,  which  are 
exhibited  in  the  Fata  Morgana,  are  proved  by  the  accurate 
observations  of  the  coast  and  town  of  Reggio,  by  P.  Minad,  to 
be  derived  from  objects  on  shore.     If,  in  addition  to  the  cir- 
cumstances we  before  described,  the  atmosphere  be  highly  im- 
pregnated with  vapour,  and  dense  exhalations,  not  prevloaslj 
dispersed  by  the  action  of  the  wind  and  waves,  or  rarefied  by 
the  suD,  it  then  happens,  that  in  this  vapour,  as  in  a  curtaia 
extended  along  the  channel  to  the  height  of  above  forty  palms, 
and  nearly  down  to  the  sea,  the  observer  will  behold  the  scene 
of  the  same  objects  not  only  reflected  from  the  surface  of  tbe 
sea,  but  likewise  in  the  air,  though  not  so  distinctly  or  wdl 
defined  as  the  former  objects  fVom  the  sea.     Lastly,  if  tbe  air 
be  slightly  hazy  and  opaque,  and  at  the  same  time  dewy  and 
adapted  to  form  the  Iris,  then  the  above-mentioned  objects 
will  appear  only  at  the  surface  of  the  sea,  as  in  the  first  caie, 
but  all  vividly  coloured  or  fringed  with  red,  green,  blue,  and 
other  prismatic  colours.    As  the  day  advances,  the  fairy  seene 
gradually  disappears.    But  the  most    singular   instance  of 
atmospherical  refraction  we  ever  heard  of,  was  that  descrflied 
in  (he  Philosophical  Transactions,  as  having  taken  place  it 
Hastings.    The  coast  of  Picardy,  which  is  between  forty  snd 
fifty  miles  distant  from  that  of  Sussex,  appeared  suddenlj 
close  to  the  English  shore.  The  sailors  and  fishermen  crowded 
down  to  the  beach,  scarcely  believing  their  own  eyes;  hot  at 
length  they  began  to  recognise  several  of  the  French  cliirs,tBd 
pointed  out  places  they  had  been  accustomed  to  visit    Fron 
the  summit  of  the  eastern  oHfi*  or  hill,  a  most  beautifol  scene 
presented  itself,  for  at  one  glance  the  spectators  could  wt 
Dungeness,  Dover  cliffs,  and  the  French  coast,  all  along  fron 
Calais  to  St.  VaUeroy ;  and,  as  some  affirmed,  as  far  to  the 
westward  even  as  Dieppe.     By  the  telescope,  the  French  l«b- 
ing  boats  were  plainly  seen  at  anchor;    and   the  different 
colours  of  the  land  on  the  heights,  with  the  buildings,  were 
perfectly  discernible.   This  refractive  power  of  the  atmotpbere 
was  probably  produced  by  a  diminution  of  the  density  of  its 
lower  stratum,  in  consequence  of  the  increase  of  heat  comaio- 
nicated  to  it  by  tbe  rays  of  the  sun,  powerfully  reflected  from 
the  surface  of  the  earth.    The  delusion  in  the  desert,  between 
Alexandria  and  Cairo,  mentioned  by  M.  Monge,  which  repre- 
sented villages  surrounded  by  water,  when  they  were,  in  Mct, 
in  the  midst  of  burning  sands,  is  attributed  to  the  same  eao!te. 

FATHOM,  a  measure  of  six  feet,  used  to  regulate  the  leoftb 
of  the  cables,  rigging,  &c.  and  to  divide  the  lead  (or  sonndiof) 
lines,  &c. 
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FEALTY,  in  Law,  an  oath  takrn  od  Um  admittance  of  a 
trnant  to  br  true  to  the  lord  of  « Loin  he  hoUU  his  land  ;  hat 
it  chie6jf  appertains  to  copyhold  estates  hcM  in  fre  and  for 
lift- ;  and  the  fealty  of  a  subject  to  his  prince. 

KCATIIEK,  in  Physiology »  a  fcrneral  name  for  the  covering 
of  birds.  Feathers  make  a  considerable  article  of  rommrrce. 
pHriirularly  tliose  of  the  ostrich,  heron,  swan,  peacock,  fcoo.ie, 
^c,  for  plumes,  ornaments,  beds,  pens,  &c.  Geese  are  plunked 
io  Nume  parts  of  Great  Britain  fite  times  in  the  }ear,  and  in 
rold  seasons  many  of  them  die  by  this  barbarous  custom. 
ThoM  feathers  that  are  broufcht  from  Somersetshire,  are 
esteemed  the  best,  and  those  from  Ireland  the  worst  The 
be»t  method  of  curing  feathers  is  to  lay  them  in  n  room, 
exposed  to  the  sun ;  and  when  dried,  to  put  them  in  baps, 
and  beat  them  well  with  polen  to  get  oil'  the  dirt.  Feathers, 
w lien  chemically  Riial)  zed.  seem  to  possicss  nearly  the  same 
properties  with  hair.  The  quill  is  composed  chieUy  of  coagu- 
lated albumen,  without  any  traces  of  gelatine. 

FEATIIEK-MILL.  in  the  salt-works,  the  partition  in  the 
middle  of  tlie  furnace,  which  it  divides  into  two  chambers. 

FEBRUARY  is  derived  from  Februm^  an  old  Latin  word, 
for  from  the  very  foundation  of  the  city,  we  meet  with  Februa 
for  purification ;  and  F^bruare,  to  purge  or  purify.  In  this 
month  the  Romans  held  a  feast  in  behalf  of  the  manet  of  the 
deceased;  and  Macrobius  tells  us.  that  in  this  month  also 
aarritices  were  performed,  and  the  last  offices  were  paid  to  the 
defunct. 

The  Hau$ekeeper'i  Kalfndmr  for  this  month  presents  in  season, 
FisA:  cod,  soles,  sturgeons,  plaice,  flounders,  skate,  turbot. 
thornback,  whitings,  smelts,  lobsters,  crabs,  oysters,  prawns, 
truvh,  carp,  perch,  eels,  lampreys,  and  crawfish. — Meat :  Beef, 
mutton,  veal,  lamb,  and  pork. — Pouhrj/:  Turke>s,  capons, 
pullets.  fowU,  chickens,  pigeons,  pheasants,  partridges,  wood- 
cocks, snipes,  hares,  and  rabbits. — VepeiMet:  Cabbages,  savoys, 
edeworts,  sprouts,  broccoli,  cardoons.  beets,  parsley.  cher%il. 
eudive,  sorrel,  celery,  chardbeets,  lettuces,  cresses,  mustard. 
rape,  radishes,  turnips,  tarragons,  mint,  burnet.  tansy,  thyme, 
savory-,  marjoram,  radishes,  cucumbers,  asparagus,  kidney 
beans,  carrots,  turnips,  parsnips,  potatoes,  onion:*,  leeks,  sha- 
Ints,  garlic,  rocambole,  salsaGe.  skirret,  sconeonera,  and  arti- 
chokes.— Fruit:  Pears,  apples,  grapes. &c. 

In  the  kingdoms  of  nature  during  tins  month,  we  find  that 
bees  begin  to  come  out  of  their  hives,  sheep  drop  their  lambs, 
geese  begin  to  lay.  rouks,  partridges,  &lC.  begin  to  pair,  build 
their  nestH,  and  lay. 

/h  the  Kite/wn  (iarden  now  sow  radishes,  spinage,   lettuce. 

feane  und  beans,  early  Dutch  turnips  and  onions  for  a  full  cmp. 
^ropagate  by  offsets,  mint,  balm,  sorrel,  tansy,  fennel,  and  tar- 
rac«n.  Transplant  onions,  carrots,  turnips,  beet,  celery,  and 
cudt%e.  Dig  and  trench  in  moderate  weather,  and  perform  all 
operations  on/jr  in  drif  weather. 

In  the  hardti  Fruit  Department,  plant  all  sorts  of  fruit-trees 
mhrn  the  Hcnther  is  fine,  and  strawberries.  Protect  roots  of 
aeii.plantt^i  tiees.  and  tops  of  nectarine,  peach,  plum,  and 
»pri<-iit  trees  coming  into  blossom.  Prune  these ;  also  fruit 
«ii.e<,  ffooseherries,  currants,  and  raspberries.  Examine  your 
fruit  room,  and  remove  all  tainted  fruit. 

/n  the  rHiinarif  liot-house  Dtpartmrnt,  cucumbers,  melons, 
salads,  and  potatoes,  are  forced — as  are  also  kidnev  and  French 
beans,  and  eaiiliUowers  ;  the  heat  of  all  hotbeds  is  to  be  kept 
up  b)  linings.  Attend  to  the  proper  temperature  of  the 
pinery  ;  and  eoinnienee  forcing  p^'aches.  cherries,  and  %ines. 

in  the  open  tf round  Flower  Garden^  sow  a  few  hnnly  annuals, 
mignonetle.  and  ten-weeks  stork.  Propagate  hardy  plants 
from  the  root  and  herb.  September  ami  March  art*  the  best 
seasons  for  this  work.  Prepare  vacant  ground  for  trees  and 
plant*.  &C. 

in  the  ilat'hvuse  Flower  (garden  Department^  fome  bulbs,  pre- 
pare for  annuals,  border  flower.s,  and  Dutch  root.s,— and  give 
air  whenever  the  thermometer  rises  to  7i[^. 

in  the  FUasnrr  iiround  and  Surserit  Department*^  plant  deci- 
dtifius  trees  and  shrubs  ;  pnine,  dig.  sweep  and  roll  gravel 
«iilks;  lay  quince,  ualnut.  and  mulberry  trees.  Plant  orna- 
mental shrubs  and  forest  trees;  and  fell  timlirr. 

FEE.  in  Law.  a  complete  feudal  property  ;  nhich.  if  afrff/vle. 
u  called  A  fee-simple ;  but  if  limited,  a/er-rai7.    A  tenant  io  fee- 


simple,  is  be  that  hath  landa,  tenements,  or  hereditaments,  to 
hold  to  him  and  his  heirs  for  e%er.  generally,  absolutely,  or 
simply  ;  without  mentimiing  what  heirs,  but  referring  that  to 
his  own  pleasure,  or  to  the  disposition  of  the  law.  This 
inheritance  of  lands  may  be  carved  out  into  divers  estates : 
as.  if  one  grants  a  lease  for  21  lears,  or  for  one  or  two  li%cM. 
the  fee-simple  remains  nested  in  him  and  his  heirs;  and  aOer 
the  detennination  of  those  )ears  or  lives,  the  land  reverts  to 
the  grantcr  or  his  heirs,  who  shall  hold  it  again  in  fee-simple. 
Limited  feet  are  usuall)  clogged  with  conditions  or  qualifi- 
cations of  any  sort. 

Fre  Quali/ied,  is  such  a  freehold  estate  as  has  a  qualification 
•objoined  to  it.  and  must  determine  whenever  the  qualification 
is  at  an  end. 

Pee  Farm,  Is  when  the  lord,  upon  the  creation  of  the  te- 
nantcy,  reserves  to  himself  either  the  rent  for  which  it  was 
before  let,  or  a  fourth  part  of  that  farm  rent. 

FEELERS,  in  Natural  History,  a  name  used  by  some  for 
the  horns  of  insects. 

FEELING,  one  of  the  five  external  senses;  the  object  of 
which  is  every  body  that  has  consistency  or  solidity  enough  to 
move  the  surface  of  our  skin.  It  is  necessary  to  perfect  feel- 
ing, that  the  nerves  should  form  small  eminences,  because 
they  arc  more  easily  moved  by  the  impression  of  bodies  than 
an  uniform  surface.  By  means  of  this  structure,  wc  are 
enabled  to  distinguish  not  only  the  size  and  figure  of  bodicfl, 
their  hardness  and  softness,  but  also  their  beat  and  cold. 

FELIS,  Cat,  in  X<»ology.  a  genus  of  the  mammalia  class, 
beloni^ing  to  the  order  of  feraj*.  I.  Felis  leo.  the  lion,  an 
inhabitant  of  Asia  and  the  interior  of  Africa.  2.  Felis  tiirris, 
tiger,  is  a  native  of  the  warmer  parts  of  .\sia.  and  the  Indian 
islands.  :\,  Felis  pardus,  panther,  principally  found  in  .\frica, 
and  is  to  that  country  what  the  ti^er  is  to  Asia,  with  this 
alleviating  circumstance,  that  it  is  supposed  to  prefer  the 
de.stniction  of  other  animals  to  that  of  man.  Felis  Icopardus. 
the  leopard,  is  a  native  of  Senegal  and  Gninea.  as  well  as  of 
many  other  parts  of  Africa;  it  also  occurs  in  several  parts  of 
Asia.  In  its  manners  it  resembles  the  panther.  6.  Felis 
jubata,  the  hunting  leopard,  a  native  of  India,  where  it  is  said 
to  be  tamed,  and  used  for  the  chase  of  antelopes  and  other 
animals.  If  it  misses  its  prey,  it  returns  at  the  call  of  ita 
master.  <>.  Felis  uiieia.  the  ounce,  scared}  inferior  in  size  to 
the  leopard,  is  a  native  of  several  parts  of  Africa  and  Asia.  7. 
Felis  onca.  the  Brazilian  tiger,  is  a  nati%c  of  South  America, 
and  is  a  very  fierce  and  destrnctive  animal.  8.  Felis  pardalis. 
ocelot,  is  a  ferocious  animal,  and  inhabits  the  hotter  parts  of 
South  America.  9.  Felis  puma.  The  puma  is  the  largest  of 
the  American  beasts  of  pre>,  and  a  native  of  many  parts  of 
America,  from  (l^anada  to  Biazil.  \0.  Felis  discolor,  the  black 
tiger,  is  also  a  native  of  Amfrica,  and  is  considered  as  a  very 
destructive  animal.  11.  Felis  tigrina.  margay.  a  native  of 
South  America,  is  about  the  size  of  a  cat.  12.  Felis  capensis, 
the  (%'ipe  eat,  inhabits  the  nris;hbourhf>od  of  the  Cape  of  GikmI 
liop<',  and  in  its  manners  resenibles  the  common  cat.  13.  Ft  lis 
raanul.  This  species  inhabits  the  mifldle  part  of  northern  Asia. 
It  is  of  the  size  of  a  fox.  and  is  of  a  strong  and  rc»l»ust  make. 
14.  Felis  eatus ;  the  eat.  in  a  state  of  wildness,  and  from  which 
are  suppoM'd  to  have  proceeded  all  the  varieties  of  the  domestic 
rat ;  it  i»  a  native  of  the  north  of  Europe  and  Asia.  The  man- 
ners of  the  wild  cat  resemble  those  of  the  lynx,  living  in  woods, 
and  pre>ing  on  >oune  hares,  birds,  and  a  variety  of  other  ani- 
mals, which  it  seizes  by  surprise.  No  animal  exhibits  a  greater 
decree  of  maternal  tenderness  than  the  cat.  She  even  possesses 
a  propensity  to  nnrse  mith  tenderness  the  young  of  a  different 
indivi«luMl.  The  fur  of  the  eat  }ields  electric  sparks  when 
robbed:  and  if  a  clean  and  dry  domestic  cat  is  placed,  in 
ffosty  weather,  on  a  stool  with  glass  feet,  or  insulated  by  anv 
other  means,  and  nibbed  for  a  certain  space  in  contact  uith 
the  wire  of  a  coated  phial,  it  mill  be  effectually  charged  bv  this 
method.  I  A.  Felis  serval.  This  is  a  native  of  India  and  Tibrt, 
ami  is  a  very  niparious  animal.  Iff.  Felis  chnus.  is  an  inSn- 
bitant  of  the  western  side  of  the  Caspian  sea.  and  the  IVi«iiin 
provinces  of  (Shilan  and  Ma^enderun.  17.  Felis  nif.i,  bay 
hnx.  This  species  is  about  twice  the  site  ef  a  large  cat.  snd 
is  a  native  of  North  Amcriea.  |H.  Felis  caracal,  or  Peisinn 
lynx,  is  a  nati%e  of  .\sia  and  Africa;  it  is  used  not  only  in  tli« 
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chase  of  the  sniBller  qaadrnpeda,  bnt  of  the  laiK^r  kiod*  of 
birds,  such  as  herons,  cranes,  pelicans,  &c.  19.  Felia  I711X, 
the  common  l;nx,  is  Toand  in  all  the  colder  regions  ofEnTope, 
Asia,  and  America,  residing  in  thick  woods,  and  preying  on 
bares,  deer,  birds,  and  other  animals. 

FELLING  OF  TiKBER.  Ibi  proper  season  in  determined  bj 
vatioDS  canses,  as  mataritf  of  growth,  defects  in  the  trees,  and 
new  arranf^einents.  Bierj  tree  that  wears  the  pictore  of 
decaj,  ougbt  to  be  felled,  let  the  price  and  demand  be  what 
the;  maj.  Bat  when  the  demand  is  brisk,  and  the  price  high, 
SQch  a.i  are  near  perfection  may  be  cnt  down.  In  all  trees 
there  are  three  stages,  yonth,  manhood,  and  age.  Tbe  begin- 
ning of  manbood  is  the  fittest  period  for  removing  trees.  All 
plantationji,  when  arrived  at  matDrity,  ought  to  be  cat  down 
and  replnnted.  Winter  is  the  proper  season  for  felling  trees 
not  to  be  disbarked ;  bat  summer  for  tbe  resinous  tribes.  In 
spring  and  autumn,  the  wood  is  fullest  of  sa|>  1  in  winter  and 
summer  least  so,  and  is  the  time  fittest  for  being  levelled  with 
tbe  earth. 

FELLOES,  sis  pieces  of  wood,  which,  with  the  addition  of 
a  nave  and  twelve  spokes,  make  tbe  wheel  of  a  gnn-carringe. 

FELLOWSHIP,  the  name  of  a  mle  in  Arithmetic,  nseful  in 
balanciag  accounts  between  traders,  merchants,  &c. ;  as  also 
in  the  division  of  common  land,  prize-money,  and  other  cases 
of  a  similar  kind.  Fellowship  is  of  two  kinds,  single  and 
doable  ;  or  fellowship  without  lime,  and  fellowship  with  lime. 

5iRf/<  Fellowship,  is  when  all  the  monies  have  been  em- 
ployed foi  tbe  same  lime,  and  therefore  the  shares  are  directly 
as  tbe  stock  of  each  partner.     The  rule  in  this  case  is  as  foU 
lows :     As  the  whole  stock  :  the  whole  gain  or  loss  :  :  each 
man's  particular  stock  :  his  particular  share  of  tbe  gain  or  loss. 
Example.     A  bankrupt  is  iudebted  to  A  £1000,  to  B  dCSOOO,  to 
C  £3000;  whereas  his  whole  effects  sold  but  for  £1300:  re- 
quired each  man's  share.  Here  the  whole  debt  is£SOOO,  therefore 
flOOO  :  £200,  A's  share. 
As  6000  :  laOO  : :  i  2000  :  £400,  B's  share. 
(3000  :  £600,  O's  share. 

Doubh  Fellowship,  is  wheo  equal  or  different  stocks  are 
employed  for  different  periods  of  time.  The  rule  in  this  case  is 
as  follows :  Multiply  each  person's  stock  by  the  time  it  has 
been  engaged;  then  say,  As  the  snm  of  the  products  :  the 
whole  gain  or  loss  :  :  each  particclar  product  :  the  corre- 
sponding share  of  the  gain  or  loss. — Example.  A  had  in  trade 
£A0  for  four  months,  and  B  £60  for  five  months ;  with  which 
they  gained  £34;  reqnired  each  person's  particalar  share. 
60  X  4  =  300 
60  X  5=300 

500-34    ■  i200:£fl.  m.A'.gatn. 

""  •  ^  ■  ■   (  300  :  £14.    8».  B's  gain. 
See  Bonnycastle's  "  Arithmetic,"  and  most  other  authori  on 
this  subject. 

FELONY,  in  Law,  means  ever^  species  of  crime  which 
occasions  at  common  law  the  forfeiture  of  lands  or  goods ;  as 
wilful  murder,  forgery,  house-breaking,  boose-borning,  horse 
and  sbeep- stealing,  rape,  high  way -robbery,  colting  and  maim- 
ing, piracy,  coining,  and  treason  against  the  king,  are  pcniih- 
able  with  death.  Nnmeious  other  offences  are  afao  pnniahahle 
with  death  ;  but  tbe  sentence  is  generally  commuted  into  trans- 
partation  for  life :  smaller  offences  involve  transportation  for 
fourteea  or  seven  years  ;  and  pettj)  ones  are  punished  by  im- 
prisonment, whipping,  pillory,  burning  In  the  hand,  or  by  fines. 
The  idea  of  felony  is,  indeed,  m  generally  connected  with  that 
of  capital  ponisfament  that  we  find  it  diflScult  to  separate  them ; 
and  ia  this  usage  the  interpretations  of  the  law  do  now  con- 
form. And,  therefore,  if  a  statute  makes  any  ntv  offenteftlmi/, 
the  law  implies  that  it  shall  be  punished  with  death,  by  hang- 
ing, as  welt  as  with  forfeitnre;  nnless  the  offender  prays  the 
bektjit  of  tUrgif,  which  all  fcfoos  are  entitled  once  to  have, 
unless  the  same  is  express!^  taken  away  by  statute.  And  tbe 
benefit  o/eUtyg  meani  a  pniil(we  formerly  allowed,  by  virtue 
of  which  a  man  convicted  of  felony,  or  manriaughter,  was  pat 
to  read  in  a  Lmtin  B«»k,  of  a  Gothic  black  character  (or  old 
English),  and  if  the  Ordinary  of  Newgate  said  Ltgit  Kt  CUrieu; 
i,  t.  "  He  reads  like  it  clerk"— or  parson— the  felon  was  only 


burned  in  the  band,  and  set  free,  otherwise  be  mffered  death 
for  bis  crime. 

FELSPAR,  is  a  hard  kind  of  stone  which  varies  mneh  ia 
colour,  being  flesh  red,  bluish  gray,  yellowish  white,  milk 
white,  or  brownish  yellow.  It  is  found  in  mass,  disseminated 
or  crystallized  in  four,  six,  and  ten-sided  prisms  ;  will  strike 
fire  with  steel,  and  is  sometimes  opaque  and  coloured,  •oae- 
times  transparent  and  whitish.  The  name  is  derived  from  the 
German  language,  and  signifies  spar  of  the  Gelds.  Itia  a  very 
common  substance,  and  constitutes  a  principal  part  of  many  of 
the  highest  mountains  of  the  world.  When  exposed  to  wea- 
ther, it  gradually  acquires  an  earthy  appearance,  and  at  lengtb 
passes  into  porcelain  clay.      Felspar  is  of  great  use  in  tke 

'  manufacture  of  the  finer  earthenwares.  Of  the  two  substances 
which   chiefly   compose    the   porcelain   of  China,   one  called 

I  petvnsi  is  a  whitish  laminar  kind  of  felspar,  and  the  otter, 
called  kaolin,  very  nearly  resembles  the  common  species  in  its 

j  decomposed  state.  This  mineral  is  used  in  tbe  celebrated 
porcelain  manufactured  at  Seves,  near  Paris,  for  the  purpose 

]  of  giving  to  it  a  white  and  transparent  appearance.  Preriooily 
to  being  used,  it  is  pulverized,  made  into  a  paste,  and  soffend 
to  dry.  It  is  sometimes  applied  to  the  surface  of  omoiBMrtd 
vases  in  the  form  of  enamel. 

Labrador  FELSFitR,  is  a  very  beautiful  stone  of  smoky  gray 
colour,  intermingled  with  veins  and  shades  of  blue,  green,  and 
golden  yellow,  exhibiting  a  brilliant  play  of  colours,  aocordii( 
to  the  position  with  respect  to  the  light  in  which  tbe  itOM  Is 
held.  The  original  discovery  of  this  singnlar  mineral  was  hj 
the  Moravian  missionaries,  on  the  island  of  St.  Paul,  near  the 
coast  of  Labrador;  but  it  has  since  been  found  in  vBiteai 
parts  of  Norway  and  Siberia.  In  the  late  Leverian  musevB 
there  was  exhibited  a  remarkably  fine  mass  of  Labrador  fel- 
apar,  the  surface  of  which  was  polished,  and  exhibited  lomt 
of  the  most  splendid  and  beantiful  colours  that  conid  be 
imagined.  It  was  considered  to  have  been  the  most  eapitd 
specimen  that  was  ever  brought  to  England.  This  minefal.ca 
account  of  its  bardness,  its  brilliancy,  and  its  capabilhy  of 
receiving  a  high  polish,  is  in  considerable  estimation  aoMMg 
lapidaries  for  different  kinds  of  ornamental  work,  partiealtrly 
for  the  tops  and  bottoms  of  snuff-boxes,  for  brooches,  sad 
necklaces. 

FELTING,  the  method  of  working  up  hair  or  wool  i»U  1 
species  of  cloth,  independently  of  either  spinning  or  weaviig. 

5»HAT-MAKlNa. 

FELUCCA,  a  little  vessel  with  oars,  frequent  in  tbe  He& 
terranean. 

FEMINEUS,  Flo:  a  female  flower.  By  this  name  UmMi 
denominates  a  Qower  which  is  foroished  with  tbe  pislillaa. 
Female  Rowers  may  be  produced  apart  from  tbe  male,  otkn 
on  the  same  root,  or  on  distinct  plants.  The  birch  and  b»iI- 
berry  are  examples  of  the  first  case ;  willow  and  poplai  of  tk 

FGHME  CovEST.  in  Law,  aoiarrieJ  woman;  nfimmmli 
is  an  nnmarried  woman,  whose  debts  contracted  befon  nsr- 
riagc.  become  those  of  her  husband  after  it. 

FEN,  a  place  overflowed  with  water,  or  abonnding  witk 
bogs,  as  the  bog*  in  Ireland,  the  feni  in  Lincolnshire,  Kent. 
and  Cambridgeshire.  These  fens  abound  in  dnck,  teil. 
mallards,  pike,  eels,  tu:. ;  and  a  herbage  that  is  very  noorisluof 
to  sheep  and  cattle, 

FENCE,  in  Gardening  and  Husbandry,  a  bedge,  wall,  or 
ditch.  &c.,  or  other  enclosure  made  round  gardens,  fieldi, 
woods,  be.  Fences  ronnd  parks  are  generally  of  paling,  wbicb, 
if  well  made  of  winter-fallen  oak,  wilt  last  40  years.  Bat* 
principal  thing  to  be  observed,  is,  not  to  have  such  fiMtoea  tM 
heavy,  as  their  own  weight  will  cause  them  to  decay.  TV 
posts  should  not  be  more  than  9  feet  asunder,  tbe  rail*  tri- 
angular, the  pales  cleft,  )  inch  one  edge  and  i  the  other;  »sd 
every  alternate  pale  9  inches  above  the  intermediate  one. 

FENCING,  an  accomplishment  both  agreeable  and  nsefat- 
mgretabU,  as  it  is  a  noble  and  innocent  amusement ;  la^A  " 
it  forms  the  body,  and  furnishes  its  practitioners  with  a  nal 
manly  method  of  self-defence,  whether  in  support  of  tbdr 
honour,  or  to  protect  life,  when  attacked  by  those  turbnlsiit 
and  dangerous  bullies,  whose  chastisement  fa  of  suviw  V 
■odety  in  general. 
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Fi:()I)\L.  Kt.rn.  or  FtiK  SyMtem,  called  also  *Mlie  Fewial 
.s'l/tfrm."  wliich  existed  in  Europe,  in  time  back,  was  tliii :~ 
\\  lit'ii  tlie  northern  nations,  the  Gotbs.  Vandals,  &o.  overran 
i!ii*  K'Miiaii  rmpire  in  the  .Oth  century  of  ovr  «ra,  they  broujcht 
the  feudal  siystem  ainnfc  with  then,  and  cstaLblisbcd  it  whcr- 
*\vr  tltt-y  settled.  Aeeordinj^  to  this  system,  the  victorious 
^«TierHi  allotted  considerable  tracts  of  land  to  his  principal 
onieirs;  >iliile  they,  in  like  manner,  divided  their  possessions 
million::  lilt*  iiireiinr  oflicers.  and  such  of  the  common  soldiers  as 
ui*re  l;rH«e!«t  in  battle.  This  stipend  of  land  they  called  a^r/'. 
/>oW.  nr/*u*i :  iind  the  eondition  of  tenure  was,  that  the  Unanti 
■M  /iff/*  ^'loiiM  >er\e  tltr  owner  of  the  fee-simple,  or  lessor,  or 
li«rd.  at  l.o  i<e  and  abrohd  in  all  wars  and  military  expeditions. 
To  till!*  t;.i\  boil  ml  ill  em  Helves  by  an  oath  offenliif,  so  thai  a 
rec^iprof*.-!  tie  linked  li.e  highest  c^bief  with  the  humblest  of  bis 
fullouers.  vtlio  eoiiid  not  only  enjoy  but  dispose  of  their  terri- 
tory as  t)try  vie;: Ned.  the  pusses.H'ir  beinfc,  by  his  occupancy, 
iKiiind  fur  miliiar>  service,  as  was  his  predecessor.  When 
W'illi:im  the  Compieror  was  cronned  kinf?  of  England,  he 
seeaifd  hi^  \irtorv  bv  loadiii*;  the  Saxons  Hith  the  heaviest 
cli;«iu»  of  the  iViidal  laws,  and  imposed  upon  all  the  proprietors 
of  laud,  %sriouH  hardships  unknown  before  in  England.  Tboe 
were  the  £*iil-ji'.>ts  of  complaint  and  opposition  lor  many  apres 
after  the  <-o{)(|uest.  With  the  Norman  lanpuatte^  which  was 
adopted  iii  the  courts  of  justice,  were  introduced  the  Norman 
latci.  Thi'  ancient  trial  hy  jnr if  was  superseded  by  the  uncer- 
tHiii  and  urijiist  decision  b\  tiit/fle  romhat,  a  practice  which  was 
rstabli.Hhcd  by  law.  aiid  coi^ducted  with  regular  ceremonies 
«i.d  ioin>4  of  de\oiion.  The  extinction  of  all  fires  ni  the 
oirUiicholv  Hound  of  the  turfew  or  esrmnf^  bdl,  was  a  strikinjc 
eniMerii  of  the  ex  Unction  of  liberty.  The  nation  frroii»ed  under 
evei>  di Hirers  that  a  politic  and  obdurate  conqueror  could 
iofliet  :  Kod  their  chains  were  so  firmly  riveted,  as  K)  rei]uire 
a  de:EM:e  <if  eneif;)  and  nnnoimity  to  break  them,  which  the 
oppressrti  Saxons  had  not  suflScient  resolution  to  exert.  The 
ronquf-ri»r  not  only  broke  the  line  of  hereditary  succession  to 
the  crown  <»!  Eimland,  but  reduced  the  people  lo  the  most 
abjret  slavery.  The  confiscation  of  the  estates  of  the  Saxon 
■oldes  indicated  Imth  his  policy  and  rapacity.  He  caused  a 
sarvey  to  be  made  of  all  the  lands  in  the  kinprdom.  with  a 
ili^tioct  {icconiit  of  their  extent  and  value,  and  tlie  names  of 
the  proprietor^.  This  curious  record,  called  Doomtilny  Book, 
Dnmus  Ihi  t.ihrr,  is  preserved  in  the  Excl^quer,  ami  has  been 
printed.  Th-sf  IhocN  were  divided  into  00,216  military  fiefs  ; 
snuie  \<cTr  rc^rrved  by  tlie  Coo(|ueror  for  himself;  and  the  rest 
were  liestowed  upu:!  his  Norman  followers,  to  be  held  under 
thr  oblt::a'iiiii  of  e^oh  vassal  taking  up  arms,  and  ap|>earinf(  in 
the  fict'l.  w!ieiie%er  (be  king  raised  his  standard  of  war. 

FEOFFMENT,  in  Law,  the  gift  of  any  corporeal  heredita- 
ment to  another.  He  that  so  gives  or  enfeoffs,  is  called  the 
frnifur,  and  the  person  enfeoffed,  or  put  in  possetaion,  is  deno- 
ainatrd  the  ft*ol1'ee. 

FEK.K.  in  Ziiology,  an  order  of  quadrupe<1s,  the  distinguiab- 
in::  <-b:iractcrs  of  «iliirb  an\  that  all  the  animals  belonging  to 
it  ha«e  ifH-e- teeth  conic,  unually  six  in  each  juw;  tusks  longer; 
crinders  with  emiieal  protections;  feet  with  claws;  claws 
Ashidate  :  fimd  carcasses,  and  preying  on  other  aiiinuds. 

Fer.c  AfffMrtf,  are  anin:als  of  a  wild  nature,  in  which  a 
mma  has  only  a  qualiried  and  limited  property,  which  soroe- 
tini(-«  ^ulKJ'it'*.  Hiid  :<t  other  times  doen  not. 

FEU  I>K  ForiMMlKTTE.  is  Heraldry,  a  cross  having  at 
each  end  .i  toiked  iron,  like  that  formerly  used  by  soldiers  to 
re«t  their  muskets  on.  And  Frr  dt  Moulin,  is  a  l>earing  snp- 
p'«ed  to  repiesent  the  iron  ink,  or  ink  of  a  mill,  which  sustains 
t:«e  movinu"  millstone. 

FEKGI'SON.  J\MFS,  an  eminent  eiprrimcatal  philosopher 
and  mechanic,  was  born  of  very  poor  parents,  in  Bamffsbire,  in 
."Scotland,  in  1710:  in  which  humble  situation  he  very  earl\ 
i\ne  Kreat  proofH  of  an  original  and  enterprising  genius, which 
h*-  af:er«iatils  di<pla\cd  much  to  his  own  credit  and  emnlu- 
nenl ;  bavinr  acc'tinulated  at  his  death,  which  happened  in 
f77n.  a  sum  of  CfftMNl.  Mr.  Feiguson  was  fellow  of  the  Royal 
.^fjcirtv,  and  author  of  some  works  on  astn>nomy  and  me* 
chanira. 

FKKMAT,  PcTFR,  a  celebrated  French  mathematician,  was 
bora  is  IflUO,  and  became,  by  bis  talents  and  acquiremcDtt, 


counsellor  of  the  parliament  of  Toulouse.  Fermat  was  inti- 
mately acquainted  with  all  the  first-rAte  mathematicians  uf  his 
age.  either  personallv  or  by  correspondence. 

FERMENTATION,  an  intestine  motion,  excited  by  the 
assistance  of  proper  heat  and  fluidity  betwe<Mi  the  integrant 
and  constituent  parts  of  farinaceous,  saccharine,  and  a  few 
i>ther  xiihstaiirr.s.  Inmi  which  n?w  combinations  of  their  rf- 
Kperti\e  piinciple«i  rr<(tilt.  1  he  various  kiiid^  nf  frrtnei.tr.tion 
are  I.  The  Vinous;  *Z.  The  Acetous;  3.  The  rattar}  ;  4.  The 
Putrid, 

I.  The  VlnouM  Frrmnitntion. — When  a  si>]ii(if>n  of  saccharine 
matter,  or  saccharine  matter  and  starch,  or  sweet  juices  of 
fruilH,  suttrr  this  ehanire.  the  rcHnIi  {ii  beer  or  wine,  and  the 
process  is  ealted  a  %iiious  fern-entahon. 

•2.  Acetous  FrrmentHtitm. — When  uine,  or  any  fermented  or 
vinous  liquor,  is  exposed  to  a  heat,  from  7.V  to  miP  Fahrenheit, 
and  access  of  air  is  permitted,  the  fluid  becomei  torpid,  a  new 
change  of  principles  takes  place ;  it  lo^es  its  ta.ste  and  smell, 
becomes  sour,  and  is  converted  into  vine;:ar. 

II,  Pannrif  /•Vrmen/A/mn.— This  is  the  femientstion  prodneed 
by  the  action  of  >east  or  flour  and  water  in  the  making  of 
bread. 

4.  Putrid  Fermentntion, — This  is  the  last  change  or  final 
deconipoHiliuii  of  veiretables.  Without  moisture,  heat,  and  a 
due  access  of  air.  this  decomposition  does  not  lake  pl:iee.  In 
this  state  of  fermentation,  ammonia  is  thrown  nut.  accom- 
panied by  a  very  ofl'ensive  smell.  Vegetables  which  contain 
albuminons  matter  and  gluten,  are  most  liable  to  putrefactiou 
or  fermentntiou. 

FERR\G(I.  simply  rust,  called  in  Chemistry  oxide  of  iron  ; 
from/rrniiN.  Iron. 

FKRRETTO.  in  Glass  Making,  a  substance  u^ed  in  colour- 
ing rlass,  and  obtained  from  a  simple  calcination  of  copper  and 
powdered  brimstone,  or  copper  and  ubite  vitriol.     See  Gl.%ss 

MAKIXfS. 

FKRRrGINOUS,  any  thing  partaking  of  iron,  or  that  con- 
tains iiartirles  of  that  metal. 

FERRY,  a  liberty  b^  prescription,  or  by  the  king's  grant,  to 
have  a  lioat  for  passage  on  a  frith  or  river,  for  car r}  ins  passen- 
gers, horses,  or  any  goi>ds,  over  tbe  same  for  a  reasonable  toll 
or  tax. 

FERTILITY,  as  of  soils,  &c.  deimroinates  their  being  fruit- 
ful, prolific.  &c.  In  all  animals,  every  thing  that  proniotrs 
health  conduces  to  fertility;  and  perfect  fecundity  mnsl  result 
from  good  blu'id.  cood  spirits,  hi^h  health,  and  perfect  animal 
functions.  All  the  medicines,  nostrums,  and  specifics,  different 
from  these,  arc  arrant  quacker>.  Such  is  the  doctrine  of  phy- 
siologists ;  yet  we  see  most  fertile  the  wives  of  the  labouring 
poor— of  mechanics,  who  earn  perhaps  onl>  I8shillinirs  a  week, 
on  which  a  family  of  seven  persons  has  to  be  snpported.  This 
is  incontrovertible.  It  is  obvious  then,  thai  high  living  is  not 
necessary  to  the  fecundity  of  our  species,  though  it  is  also  a 
fact  that  there  are  livin;;,  at  this  time  (lH3.'i).  mothers  of  ten. 
nay,  sixteen  children,  who  have  all  their  li\es  lived  in  the  lap 
of  luxury.  As  respects  the  fertility  of  the  mother  earth.  «oi/i 
may  be  improrerf  by  pulverization,  which  allows  tlie  rain  to 
penetrate  the  toil,  and  gives  scope  to  the  roots  of  vegeta- 
hles,  according  to  their  abundance.  It  besides  increases  tbe 
capillary  attraction,  which  is  always  greater  in  proportion  as 
the  particles  of  earth  are  finely  divided.  Air,  light,  and  heat, 
are  also  communicated  to  under  strata,  by  turning  up  and  lay- 
ing open  tbe  soil ;  and  plants  and  vegetables  cannot  flourish  m 
all  their  perfection  without  those  great  elements  of  animating 
nature.  Ploughing,  digging,  harrowing,  raking,  dunging,  scat- 
tering of  ashes,  and  alkali  residaes,  'are  the  great  agents  in 
mixing,  enriching,  warming,  and  nourishing  soils,  so  as  to  z'tw 
them  all  that  fertility  of  which  they  are  capable :  and  where 
these  important  matters  are  well  regulated,  fertilifv  will  ordi- 
narily take  place,  and  the  desire  of  tbe  owners  or  occupiers  of 
the  land  will  ensue. 

FESSR,  in  Heraldry,  one  of  the  nine  honourable  ordinaries. 
FcMse  point  is  the  exact  centre  of  the  escutcbron  ;  feste  wujft 
denotes  any  thing  borne  afler  the  manner  of  a  fesse,  i.  e,  in  a 
rank  acrost  tbe  middle  of  the  shield ;  and/et«e  perfe$$e  implies 
a  parting  across  the  middle  of  the  shield  from  side  to  side, 
through  the  fcsie  point. 
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icmrlaad  of  Bowers,  fniita,  and 
IcBvei,  iDtermixed  or  ttviited 
toEctber,  aD<l  geneTall^  more 
bulky  io  (he  middle  than  (o- 
wkrds  the  endii,  which  hang 
down  perpcDdienlarlj,  a«  in 
tbe  annexed  figDre. 

FBU  Duty,  in  Scots  Law,  the  annual  dnty  which  a  Taisal. 
hy  the  tenor  of  his  right,  becomes  bound  to  pay  his  snperiori 
hence  the  tenare  tttfem  itolding. 

FEVER,  a  diieaae  io  which  the  body  is  violently  heated,  the 
pulse  quickened,  and  the  patient  attacked  alternately  with  heat 
and  cold.  Fevers  are  either  intermittent,  continaed,  remitieat, 
scarlet.  Sec.  and  nsoaltj'  attended  with  headache,  thirst,  gid- 
diness, and  sometimes  difficulty  of  breathing.  Their  treatment 
is  as  Tarioas  as  their  names,  and  the  systems  of  practitioners. 
But  we  cannot  enter  upon  this  topic,  which  is  of  too  mnch 
conseqaeDce  to  be  handled  in  a  few  pages. 

FIBRE,  in  Anatomy,  a  simple  body,  being  fine  and  slender 
like  a  thread,  and  seriiog  to  form  other  parts.  Hence  fibrin 
is  that  sabstanoe  which  conititates  tbe  fibroas  part  of  the  mns- 
clea  of  animals. 

FIBRIN,  is  a  peoaliar  organic  compound  found  in  le^e- 
tables  and  in  animali.  There  are  few  vegetables  from  which 
this  snbstanoe  is  obtained  distinctly  characterized,  but  it  is 
foand  abnndantlf  in  all  animals.  Chyle,  the  blood,  and  the 
mnscnlar  Oesh,  produce  it.  If  the  blood  from  tbe  veiris  be- 
beaten  with  rods,  long  reddish  Rlaments  of  Sbfin  will  adhere 
to  them,  and  if  washed  in  cold  water,  they  will  become  colour- 
lois,  and  the  matter  of  fibrin  will  be  foand  to  be  solid,  whiter 
insipid,  withoat  colour  and  smell.  When  moist,  it  is,  in  some 
degree,  elastic ;  when  dried,  it  is  yellow,  hard,  and  brittle.  By 
distillation  it  yields  carbonate  oF  ammonia,  some  acetate, 
brown  oil,  and  gaseons  products.  There  remains  in  the  retort 
a  ohurcoal,  which,  after  combustion,  leaves  phosphate  of  lime, 
phosphate  of  magnesia,  with  carbonate  of  lime  and  soda. 

FIBROLETE,  a  mineral,  first  observed  fay  Boamon,  in  th» 
matrix  of  the  imperfect  eomndum.  It  is  composed  of  6S.3& 
alamina,  3S.O0  silica,  3.73  a  trace  of  iron,  and  loss. 

FICUS,  a  genos  of  tbe  trioecia  order,  in  the  polygamia  class 
of  plants,  and  in  the  natural  method  ranking  nndcr  the  63d 
order,  scabridn.  There  are  60  species,  of  which  the  banian- 
tree  is  the  most  remarkable.    Set  Baniah-tsbe. 

FIDD,  on  board  ship,  is  an  iron  or  wooden  pin,  to  splice  and 
fatten  ropes  together. 

FIELD,  in  Heraldry,  the  whole  anrface  of  the  shield,  or  the 
continent,  so  called  becanse  it  containeth  those  achievements 
anciently  acquired  in  tbe  field  of  battle.  It  i*  now  the  ground 
on  which  the  coloors,  bearings,  metals,  fors,  chaiges,  Ilc.  are 
represented. 

Field  Book,  in  Surveying,  the  angles,  stations,  distances, 
&c.  are  set  down.     See  Surveyino  of  Land. 

PiBLD  Piece;  small  cannons  from  3  to  12  pounders,  carried 
along  with  au  army  ;  and  the  Field  Staff,  carried  by  the  gun- 
ners, is  about  the  length  of  a  halbert,  wilh  a  spear  at  one  end, 
having  on  each  side  ears  screwed  on,  like  the  cock  of  a  match- 
lock, into  which  the  bomadiers  screw  lighted  matches  when 
the;  are  upon  ooramand ;  and  then  the  field  staffs  are  said  to 
be  armed. 

Field  Wurki,  in  Fortification,  are  those  thrown  up  by  an 
army  in  beaiegiDg  a  fortress,  or  by  the  beaicfred  to  defend  the 
place ;  as  the  fortifications  of  camps,  highways,  be. 

FIERI  FACIAS,  a  jodioial  writ  that  lies  at  all  times  withiu 
the  year  and  day  for  him  who  has  recovered  in  an  action  of 
debt  or  damages,  (o  the  Bheriff,  lo  command  him  to  levy  the 
debt  or  damages   of  bii   goods   against  whom  the  recovery 

FIFE,  a  wind  instrument  of  the  martial  kind,  consisting  of  t 
short  narrow  tube  with  boles  disposed  along  the  side,  for  the 
regnlalion  of  its  tones. 

FIFTH,  In  Hnsie,  a  dUtanov  comprising  four  diatonic  inter- 
vals, i. «.  three  tones  and  a  half.  Fijtk  Skarp,  is  an  interval 
ronaisting  of  eight  semitones, 

FIFTEENTH,  an  ancient  trlbuU  or  tut  laid  ap<m  oitlca. 


boTongbs,  S(c.,  throngh  all  England,  and  so  termed,  beeawe  H 
amnuated  to  a  fifteenth  part  of  what  each  city  or  town  had  beta 
rained  at;  or  it  was  a  fifteenth  of  evenr  man's  persottal  estate, 
according  to  a  reasonable  valuation.  In  doomsday-book.  Iben 
are  certain  rates  mentioned  for  levying  this  tribote  yearly;  bm 
since,  any  snch  tax  cannot  be  levied  but  by  parliament. 

FIGURE,  in  GrammBr,  is  a  deviation  from  ihe  natarnl  rales 
of  etymology,  syntax,  and  prosody,  either  for  brevity,  cls- 
gancc,  or  harmony. 

Figure,  in  Rhetoric,  is  a  manner  of  spoakin^  different  bwm 
the  ordinary  and  plain  mode,  and  more  emphatioal,  oxpresaag 
a  passion,  or  containing  a  beauty. 

Viav&Bofa  Bod),  in  Geometry  and  Hensn^atiOD,  deaoM 
generally  its  form  or  shape  ;  whence  a*  all  bodies  are  of  Mas 
form  or  figure,  figarabiltty  is  reckoned  amongst  the  eiseitiil 
properties  of  body  or  matter.  A  body  without  figure  would  bs 
withoat  limits,  and  most  therefore  be  infinite. 

FiauRB,  in  Painting  and  Designing,  denotes  theliBetail 
colours  which  form  the  representaijon  of  any  animal,  bat  man 
perticnlaily  of  a  human  person.    Ste  Drawino. 

FionREs,  in  Arithmetic,  are  tbe  ninedigits,  1, 2,3, 4,  ke. 

FILACER,  or  Filazeh,  an  officer  of  the  conrt  of  ooomsu 
pleas,  BO  called,  because  he  files  those  writs  wbereupoa  bt 
makes  out  process.  There  are  fourteen  of  them-in  their  sevcnl 
divisions  and  counties,  and  they  make  oat  all  wrtia,  aed  pie- 
cesses  upon  original  writs,  issuing  out  of  chanoery. 

FILAMENT,  in  Anatomy  and  Nataral  History,  Ite.  i>  tb» 
same  as^re,and  is  applied  to  those  fine  threads  that  eompsm 
the  flesh,  nerves,  skin,  plants,  roots.  Ice.  of  all  vegetMig 
organised  bodies.  Hence  the  thread,  cloth,  fce.  from  lai, 
nettles,  hop  stalks,  &c. 

Filaments,  Veffetable,  form  a  substance  of  great  use  ii 
the  arts  and  manufactures  ;  furnishing  thread,  cloth,  eocdagl^ 
&c.,  as  the  filamentous  parts  of  hemp  and  fiax  are  emplejid 
among  us. 

FILARIA,  a  genus  of  insects  of  the  order  fetestinB.  TiMe 
are  several  species,  infesting  different  animals  and  luaeets. 
The  medinensis  is  the  most  remarkable  species;  it  inhabits  the 
Indies,  nod  is  frequent  in  the  morning  dew,  wbenoe  it  eettis 
the  feet  of  the  slaves,  and  creates  the  most  trDobtesome  ili4- 
iugs.  accompanied  wilh  inflammation  and  fever. 

FILE,  among  Mecbanics,  a  furrowed  tool  used  to  pottik  m 
prepare  metals,  &c.  and  usually  cut  io  steel. 

Mr.  Nicholson  has  obtained  a  patent  for  maebioerr  forth* 


manufacture  of  files ;  which 


I,  1.  Of  a  carriage.  Id  wkM 


strokes  of  a  cutter  or  chisel.  2.  The  annj  by  which  D 
supported  beneath  the  part  which  receires  tbe  atroke.  a>  TW 
regulating  gear,  by  which  the  distance  between  tbe  strokes  it 
governed :  and  4.  The  apparatus  for  giving  tbe  stroke  or  cut 
Those  four  parts  are  supported  by  a  frame  of  wood  or  netal, 
according  to  the  nature  of  the  work  lo  he  performed.  By  tkis 
machinery,  a  blind  man  can  cut  a  file  with  more  exactness  thai 
the  most  skilful  workman  in  the  ordinary  way. 

FILES,  Machines  for  Cuttiko  or.  There  have  bem 
varioQS  contrivances  for  this  purpose,  but  among  the  best  ■* 
are  acqnaioted  with,  is  one  described  intheTransactiansaltbt 
American  Philosophical  Society.  A  AA  A,{as  in  the  foUowiar 
fiiurctia  a  benchmade  of  well-seasoned  oak,  ihefaoeof  wlM 


is  planed  very  smooth.  BBBBB.  the  feet  of  Oe  bea^ 
which  should  be  subsMntial.  C  C  C  C,  the  carriage  ««  whNk 
the  files  are  laid,  which  moves  along  (be  face  of  tbe  UnA 
A  AAA,  parallel  to  its  sides,  end  carries  the  flies  gruduallT 
under  the  edge  of  the  cutter  or  chisel  H  H,  whi|p  the  teeth  M 
cut :  tfai^  cMTiage  is  (oade  to  piove  by  a  coatrirasce  wme«Mt 
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0  that  which  carries  the  log  afrainst  the  lai*  of  a  taw- 
irill  he  more  particularly  described.     D  D  D,  are  three 

1  interted  in  the  ends  of  the  carriafce  C  C  C  C,  and 
through  holes  in  the  stads  B  B  B,  which  are  screwed 
[ainst  the  ends  of  the  bench  A  A  A  A,  for  directing  the 
I  the  carriage  C  C  C  C,  parallel  to  the  sides  of  the  said 

FF,  two  upright  pillars,  mortised  firmly  into  the 
AAA,  nearly  equidistant  from  each  end  of  it«  near 
,  and  directly  opposite  to  each  other.  G,  the  le?er  or 
sb  carries  the  cutter  H  H,  (fixed  by  the  screw  I,)  and 
I  the  centres  of  two  screws  K  K,  which  are  fixed  into 

pillars  PF,  in  a  direction  right  across  the  bench 
.  By  tightening  or  loosenins  these  screws,  the  arm 
arries  the  chisel  may  be  maae  to  work  more  or  less 
L  is  the  regulating  screw,  by  means  of  which  the 
f  be.  made  coarser  or  finer ;  this  screw  works  in  a  stud, 
b  is  screwed  firmly  upon  the  top  of  the  stud  F:  the 
id  of  the  screw  L  bears  apdnst  the  upper  part  of  the 
ind  limits  the  height  to  which  it  can  rise,  N  is  a  steel 
me  end  of  which  is  screwed  to  the  other  pillar  F,  and 
r  end  presses  against  the  pillar  O,  which  is  fixed  upon 
G;  by  its  pressure  it  forces  the  said  arm  upwards, 

meets  with  the  regulating  screw,  L.  P  is  an  arm 
aw  at  one  end  marked  tf,  the  other  end  is  fixed  by  a 
I  the  end  of  the  stud  or  pillar  O ;  and  by  the  motion  of 
G,  is  made  to  move  the  ratch-wheel  Q.    This  ratch- 

fixed  upon  an  axis,  which  carries  a  small  trundle- 
pinion  R,  on  the  opposite  end ;  this  takes  into  a  piece 
eh  is  indented  with  teeth,  and  screwed  firmlr  against 
i  of  the  carriage  C  C  C  C :  by  means  of  this  piece 
is  communicated  to  the  carriage.  T  is  a  clamp  for 
C  one  end  of  the  file  Z  Z,  in  the  place  or  bed  on  which 
B  cut.  V  is  another  clamp  or  dog,  at  the  opposite  end, 
^rks  by  a  joint  W,  firmly  fixed  into  the  carriage 
Y  is  a  bridge,  likewise  screwed  into  the  carriage, 
which  the  screw  X  passes,  and  presses  with  its  lower 
inst  the  upper  side  of  the  clamp  V ;  under  which 
le  other  end  of  the  file  Z  Z,  is  placed,  and  held  firmly 
tnation  while  it  is  cutting,  by  the  pressure  of  the  said 
.  7  7  7  7  is  a  bed  of  lead,  which  is  let  into  a  cavity 
In  the  body  of  the  carriage,  sometliing  broader  and 
lan  the  largest  fixed  files  ;  the  upper  face  of  this  bed  of 
>rnied  variously,  so  as  to  fit  the  diflferent  kind  of  files 
ay  be  required.  At  the  figures  2  3,  are  two  catches 
ke  into  the  teeth  of  the  ratch-wheel  Q,  to  prevent  a 
its  motion.  33  is  a  bridge  to  support  one  end  4,  of 
of  the  ratch-wheel  Q.  6,  a  stud  to  support  the  other 
le  axis  of  that  wheel. 

the  file  or  files  are  laid  in  their  place,  the  machine 
regulated  to  cut  them  of  the  due  degree  of  fineness,  by 
r  the  regulating  screw  L ;  which,  by  screwing  further 
the  arm  M,  will  make  the  files  finer,  and  vice  venm,  by 
ing  it  a  little,  will  make  them  coarser ;  for  the  arm  G 
bat  moan<  have  liberty  to  rise  the  higher,  which  will 

the  arm  P,  with  the  claw,  to  move  further  along  the 
f  of  the  ratch-wheel,  and  consequently  communicate  a 
tensive  motion  to  the  carriage  C  G  C  C.  and  make  the 
ser.  When  the  machine  is  thus  adjusted,  by  striking 
ammer  on  the  head  of  the  cutter  or  chisel  H  If,  all  the 
Its  are  set  to  work,  and  by  repeating  the  stroke  with 
ner,  the  file.i  on  one  side  will  eventually  be  cot.  They 
n  be  turned,  and  the  operation  repeated  for  cutting  the 
,e.  This  machine  may  be  made  to  work  by  water  as 
y  hand,  t«>  cut  large  or  small,  coarse  or  fine  ;  or  indeed 
ber  at  the  same  time.  The  materials  and  dimensions 
achine  must  be  left  to  the  judgment  of  the  mechanic, 
whole  must  be  capable  of  bearing  a  considerable 
if  violence  and  thumping. 

kOREB  WoKR,  a  kind  of  enrichment  on  gold  or  silver, 
delicately  like  threads  or  grains,  or  both  intermixed. 

and  $tUtr  jUiagree  of  Sumatra  is  the  most  esteemed  of 
I,  yet  is  it  made  with  the  coarsest  tools. — a  piece  of 
cane  serving  as  a  blow-pipe,  a  rouple  of  old  nails  as 
eompassea :  an  old  iron  hoop  serves  many  purposes. 
i  of  the  workmanship  depends  on  the  difllcolty  or  an- 
leat  of  the  pattern,  but,  in  general,  it  is  ooly  ooa-third 


of  the  value  of  the  metal,  except  in  matters  of  fancy,  when  it 
amounts  to  as  much  as  the  gold. 

FILLET,  in  Architecture,  a  little  aquare  member  osed  in 
divers  places,  but  generally  as  a  sort  of  corona  over  a  greater 
moulding.  In  Heraldry,  a  bordore  or  orle,  one-third  part  the 
breadth  of  the  common  bordore.  It  runs  qaite  round,  near  the 
edire,  as  a  lace  over  a  cloak.  It  aometimcB  appears  like  a 
scarf  across  the  shield. 

Fillets,  in  the  Manege,  the  loins  of  a  horse  which  begin  at 
the  place  where  the  hinder  part  of  the  saddle  rests. 

FILTER,  or  Filtrk,  in  Chemistry,  a  strainer  through  which 
any  fluid  is  passed,  to  separate  the  gross  particles,  and  render 
it  limpid. 

FILTERING  Basons,  &c.,  are  either  natural  or  artificial, 
for  the  purpose  of  porifving  water.  Natural  filters  are  found 
in  rocks,  mountains,  beds  of  sand,  gravel,  lie.  Artificial  filter- 
ing basons  consist  of  equal  parts  of  pipe-clay  and  coarse  sand. 
They  should  be  three.quarters  of  an  inch  thick. 

FILTRATION,  in  Chemistry,  is  sifting  throngh  the  pores 
of  paper,  flannel,  or  fine  linen  or  sand,  pounded  glass,  or 
porous  stones,  and  the  like ;  but  it  is  used  only  for  separating 
fluids  from  solids,  or  particles  that  may  happen  to  be  suspended 
in  them,  and  not  chemically  combined  with  the  fluids. 

FIN,  in  Natural  History,  a  well  Imown  part  of  fishes,  eoD- 
sisting  of  a  membrane  supported  by  rays,  or  little  bony  or  ear- 
tilaitinous  ossicles. 

FINANCE,  the  economy  of  the  public  revenue  and  expendi- 
ture of  nations.  The  English  svstem  of  finance  rests  on  the 
produce  of  the  various  taxes,  the  aggregate  amount  of  which, 
after  deducting  the  expenses  of  collecting,  together  with  a  few 
small  articles  which  cannot  properly  be  called  taxes,  forms  the 
whole  of  the  public  income. 

FINE,  in  Law,  has  diflerent  signifieations.  It  sometimes 
denotes  a  formal  eonvevance  of  lands  or  tenements,  or  of  any 
inheritable  thing,  in  order  to  cot  off  all  controversies:  some- 
times it  means  a  sum  of  monev  paid  for  entering  into  the  pos- 
session of  lands  or  tenements  let  by  lease.  Again,  it  sipiifies 
a  pecuniary  mulct  for  an  offence  conducted  against  the  king,  or 
the  lord  of  the  manor. 

FINERS  of  gold  and  silver,  are  those  who  separate  these 
metals  from  coarser  ores. 

FIRE,  that  invisible  fluid  by  which  bodies  are  expanded, 
and  liecome  hot,  is  best  known  from  its  effects ;  and  *o  these, 
and  not  to  the  disputes  that  have  agitated  philosophers  oob- 
c:erning  this  subject,  must  we  look  for  all  the  knowledge  to  be 
gained  respecting  this  chief  agent  in  nature,  on  which  animal 
and  vegets[hle  existence  have  so  close  and  inscrutable  a  depen- 
dence, and  without  which  it  does  not  appear  that  nature  could 
exist  a  single  moment.  Whenever  you  perceive  a  number  of 
qualities  always  existing  together,  yon  are  warranted  to  con- 
clude, that  there  is  some  substance  which  produces  those 
qualities.  Fire  drives  out  other  bodies  from  any  si^^n  space ; 
it  has  a  constant  tendency  to  diffuse  itself  uniformly,  so  as  to 
maintain  an  equilibrium ;  it  dilates  some  substances ;  it  must 
have  penetrated  them ;  it  expels  other  bodies,  and  takes  their 
place ;  therefore  we  conclude,  it  must  itself  be  a  body — m  rtmi 
mnd  mmieriml  nkstmnee. 

Air  is  a  wkttmnce,  and  not  a  ^umlity.  People  who  are  nnae- 
quainted  with  the  principles  of  natural  philosophv,  would  not 
suppose  that  the  air  by  which  we  are  surrounded  is  a  material 
substance,  like  water,  or  any  other  visible  matter.  Being 
perfectly  invisible,  and  affording  no  resistance  to  the  touch,  it 
must  seem  to  them  extraordinary  to  consider  it  as  a  solid  and 
material  substance;  and  yet  a  few  simple  experiments  will 
convince  any  one  that  it  is  really  matter,  and  possesses  weight* 
and  the  power  of  resisting  other  bodies  that  press  against  it. 
And  it  differs  from  all  other  fluids  in  the  four  following  partico* 
lars: — 

1  It  can  be  compressed  into  a  much  less  space  than 
what  it  naturally  possesses.  3.  It  cannot  be  congealed,  or 
fixed,  as  any  other  fluids  may.  3.  It  is  of  a  different  density 
in  every  part  upward  from  the  earth  s  snrfaoe,  decreasing  in 
iu  weight,  bulk  for  hulk,  the  higher  it  rises.  4.  it  is  of  an 
elastic,  or  springy  nature,  and  the  foroe  of  iu  spring  is  eqnal 
to  its  weight. 

nre,  in  eoMson  with  air,  if  snljoot  to  thwe  Uvp.    Ughtis 
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an  emBnation  of  firs;  the  decoinpositlon  of  ibe  raji  of  lifcht 
proves  its  materiality ;  wh&t  is  liftiit  oo  (he  surface  of  a  burn- 
ing Klass.  is  fire  at  its  focns ;  nbatever,  Iherefore,  proves  the 
materialit;  of  light,  is  applicable  to  fire. 

Wo  conclade,  therefore,  ihat  fire  is  a  real  and  material  sob- 
stance  ;  and  bj  Ibe  nord  fire  we  meRD  that  very  sublile  fluid 
which  all  mcD  call  firo  ;  heat  is  an  tffeet  of  Are,  or  a  proof  of 
Its  presence  ;  obtnlult  heat  and  fire  are  words  of  the  same 
import ;  rtUUivi  bmt  Is  an  epithet  applied  to  the  measured 
elTects  of  fite.  Fire  penetrates  all  bodies,  even  the  hardest; 
and  one  of  itn  most  constant  characters  is  a  conlinnal  ten- 
dency to  eqitilibEiuig,  or  to  Bow  from  a  warmer  to  a  colder 
substance. 

Meat,  eoDsidered  as  a  seosBtioD,  or.  fa  other  words,  sensible 
heat,  is  only  the  effect  produced  upon  our  organii  bj  Ihe  motion 
of  raforu:,  diseDgaged  front  the  surrounding  bodies.  In  geae- 
Fal  we  reoeive  ImpreHgiona  only  in  consequence  of  motion,  and 
it  might  be  established  as  an  axiom,  Ibat  teithoul  motion  tkert  u 
»o  ttruation.  This  general  principle  applies  very  aceuralely  to 
the  sensations  of  best  and  cold.  When  we  tooeb  a  rold  hody, 
the  calorie,  wfaioh  always  tends  to  become  in  equilibrio  in  all 
bodies,  passes  from  our  band  into  the  body  we  toucb\which 
gives  us  the  feeling  or  sensation  of  cold.  The  contrary  happens 
when  we  touch  a  warn  bodt ;  the  caloric  then,  in  passing  from 
the  body  into  our  hand,  produces  the  »CDsalion  of  heat.  IT  the 
hand  and  the  body  touched,  be  of  the  same  temperature,  or 
very  nearly  so,  we  receive  no  impression  either  of  heat  or  cold, 
because  there  is  no  motion  or  passage  of  catotic.    i$»CjIloric. 

Fire  Arrow,  a  steel  or  iron  dart  nsed  by  privateers  and 
pirates,  to  set  Rre  to  the  sails  of  Ibe  enemy  in  battle. 

Fire,  Ballt  of.  in  Meteorology,  a  kind  of  luminous  hodleg, 
generally  appearing  at  a  ureal  height  above  Ihe  earth,  with  a 
splendour  surpassing  that  of  the  moon ;  and  sometimes  equal- 
ing ber  apparent  site.  They  generally  proceed  in  this  hemi- 
■phere  from  north  to  lonth  with  vaat  velscity,  freqiently 
breaking  into  several  smaller  ones,  sometimes  vanishing  with 
a  report,  sonielimci  not. 

Fjrb  Ball,  in  the  art  of  War,  a  composition  of  meal-powder, 
snlpbur,  saltpetre,  pitch,  (ke.,  abont  the  bigness  of  a  hand- 
grenade,  coated  over  with  flax,  and  primed  with  a  slow 
oom'posiiion  of  a  fusee.  This  is  to  be  ibrown  into  the  enemy's 
works  in  the  night-lime,  to  discover  where  they  are  :  or  lo  fire 
houses,  galleries,  or  blinds  of  the  besiegers  ;  but  they  are  then 
armed  with  spikes,  or  book*  of  iron,  that  they  may  not  roll 
off,  but  stick  at  hang  where  they  are  designed  to  have  any 
effect. 

FiHR  Bamlt,  used  in  firr-sbips,  and  ought  to  be  of  a  cjftin- 
drical  form, 'as  best  adapted  to  contain  tfae  reeds  with  which 
they  are  fllled,  and  mora  convenient  for  slawir»g  them  between 
the  trouicbs  in  the  fire-room.  Their  inside  diameters  should 
not  be  less  than  31  inches.  Had  30  inches  are  suBicicnt  for  their 
length.  The  bottom  parts  ire  first  well  stowed  with  short 
double-dipped  reeds  placed  upright,  and  the  remaining 
vacancy  is  filled  nith  fire-brand  coinpositioa,.well  mixed  and 
melted,  and  then  poured  over  them.  The  composition  nsed 
for  this  purpose  is  a  mass  of  sulphur,  pilch,  tar,  and  tallow. 
There  are  five  holes  of  3-4  inch  in  diameter,  and  three  inches 
deep,  formed  in  the  top  of  the  compositwn  while  it  Is  yet 
warm;  one  being  in  the  cenire,  and  the  other  four  at  equal 
distances  round  the  sides  of  the  barrel,  Wbea  the  composition 
■a  cold  and  hard,  the  barrel  is  primed  by  filling  those  hoks 
with  fnie  composition,  which  is  firmly  driven  into  them  so  as 
to  leave  a  little  vacancy  ai  the  top  to  admit  a  strand  of  qnick- 
matoh  twice  doubled.  Tbe  centre  hole  contains  two  strands 
at  their  whole  length,  and  every  strand  must  be  driven  home 
with  mealed  powder.  The  loose  ends  of  the  quick-match  being 
then  laid  within  the  barrul,  the  whole  is  rovercd  with  a  dipped 
enrtain,  fastened  on  with  a  hoop  tbvt  sbpi  over  tbe  head  of 
the  barrel  to  which  it  is  nailed.  The  barrels  should  be  made 
very  strong,  not  oaly  to  support  Ihe  weight  of  the  composition 
before  flriog,  when  they  are  movedor  carried  from  place  to  place, 
but  to  heep  Iheni  together  whilst  hnriung :  for  if  the  staves  are 
too  light  uM  tbia,  so  aj  lo  bmo  very  soon,  the  remaining  cotnpo- 
sition  will  tumble  out  and  be  dissipated,  and  the  intention  of 
the  bkmUto  •atrj  Um  law*  aloft,  will  acoordii^:];  be  frus- 


trated. The  curtalD  is  a  piece  of  eanvasa,  Mearly  a  yard  m 
breadth  and  length,  thickened  with  melted  oompositimi,  and 
covered  with  saw-dast  on  liolh  sides. 

Fme  in  Chimneifi,  mtlhod of  Exiin^iihiap.  It  la  well  kaosD, 
that  the  inner  parts  of  chimneys  easily  take  Rre;  tbe  soot  tiMt 
kindles  thereio,  emits  a  greater  flame,  according  as  the  faanri 
is  more  elevated,  because  the  current  of  air  feeds  the  fire.  It 
this  current  could  therefore  be  suppressed,  the  fire  would  soon 
be  extinguished.  The  surest  and  readiest  method  is.  lo  apply 
a  wet  blanket  to  the  throat  of  the  chimney,  or  over  the  whole 
front  of  the  fire-plaee.  If  there  happeus  to  be  acbiinney-baHd. 
or  a  register,  apply  the  same  immediately ;  and  having,  by  that 
means,  stopped  the  dmnght  of  air  from  below,  tbe  burning  soot 
will  be  put  out  as  completely  as  a  candle  is  put  out  by  st 
eiiinguisher,  which  acts  exactlv  upon  the  same  principle. 

Fire  Cocki.  The  ehurcbwardcns  in  London,  and  witUn 
the  bills  of  mortality,  are  to  fix  fire  cocks  at  proper  distaaoes 
in  streets,  and  keep  a  large  engine  and  hand-engine  fcf 
exlinguisbing  fire,  nnder  a  penalty  of  £10.  stnt.  0.  Ann.  c.  91. 
¥\ae  Enginf,  is  the  name  commonly  given  to  a  machine,  by 
which  water  in  thrown  upon  fires  in  order  lo  exiinguiik  lhc«. 
Various  macbines  have,  at  different  times,  heen  contrived  far 
this  purpose:  but  the  moat  essential  particulars  in  a  few  of 
tbeni  we  can  only  here  describe.  The  usual  constrnctioa  of 
the  fire-cngiue,  after  the  improvements  were  made  in  it  by 
Newsbam,  was  nearly  that  which  is  exhibited  in  (he  anneieri 
figure,  and  which  represents! 
vertical  seciion  of  the  eagiac, 
which  is  in  fact  hu  t  tw  o  forciaf 
pumps  communicating  with  a 

of  the  water  is  eft'ected  by  the 
pressure  of  the  atmoapbeie, 
the  force  of  men  actiag  npoa 
the  extremities  H',IV,  of  a 
lever,  and  thence  givi^  ■■*- 
lion  tt,  Ihe  pistons  S  aad  R, 
and  by  tbe  elasticity  of  oe»> 
densed  air.  in  tbe  foHowinr 
manner  r— When  the  pistoo  B 
is  raised,  a  vacuum  woutd  ha 
made  in  the  barrel  T  U.  if  the 
low  the  piston  R,  from  tht  inferior  canal  B  H, 
(through  the  valve  H,)  which  rises  tlirouicb  tbe  tube  EF,  ni- 
mersed  in  the  water  of  a  vessel  by  the  pressure  of  tbe  atse- 
sphereon  its  surface.  The  water  of  the  barrel  TU,  by  the 
succeeding  depression  of  the  piston  B,  sl>uts  tbe  valve  R,  s«i 
is  forced,  through  the  superior  canal  O  N.  lo  enter  by  the  vahw 
I,  into  the  air-vessel  abedt^ad  the  like  being  done  altei«alclf 
by  the  other  barrel  W  X,  end  its  pistim  S,  the  air-vessel  is,  ^' 
these  meana,  continually  fitting  with  water,  which  compressH 
the  air  un  Ihe  surface  of  tbe  water  in  that  vessel,  and  propor- 
tionally augments  its  aprii^  :  which  at  lenj:tb  is  so  farincteatMl 
as  to  re-act  with  great  force  on  the  smfai-e  YZ  of  the  sab- 
jaccntwater.  and  compel  It  to  ascend  thruneh  tbe  small  taba 
(/to  the  slop-cork  p^,  where  npon  turning  the  cock  p  the  water 
issufl'ered  to  pass  thrnueh  a  pipe  k  fixed  to  a  ball  and  aoektt; 
from  the  orifice  of  which  it  issues  wiih  a  great  velocity,  iia 
continued  stream,  to  a  considerable  height  or  distance;  awl 
it  is  usually  kept  from  diverging  too  soon  in  ita  progress  hy 
means  of  a  long  series  of  flexible  leather  pipea.  property 
joined  together,  and  known  among  the  Tiremen  by  the  nancaf 
the  Imie. 

Newsbam  contrived  his  engines  in  such  a  manner,  that  pall 
of  the  men  who  work  them  exert  their  force  by  treading.  wU(t 
is  more  eflectuol  than  any  other  way  that  men  can  wort  it  . 
such  engines  ;  the  whole  weight  of  the  body  being  bvBgicbIIT 
thrown  on  tbe  forces  of  the  pumps ;  end  even  part  of  a  aMs'i 
Rtrcnglh  may  be  added  lo  the  weight  by  means  of  horlaoolsl 
pieces,  to  wbioh  he  can  apply  his  hands  when  he  ia  trea>liB][: 
whereas,  by  applying  the  hands  to  move  levers  or  turn  wlnche*, 
the  power  must  act  very  unequally.  This  is  the  reaioa  why 
with  the  same  number  of  men  he  has  generally  thrown  waiff 
further,  higher,  and  in  greater  qaantities,  with  the  aamo  siMtt 
engines,  than  other  engineers  who  have  tried  their  enfinu 
against    hisi     Yet  Ihe  oombinatioa  of   baowi  wtigU  aaA 
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ittTf  rt-cnrnmended  ha.i  ritrd)'  been  practiiird  in  inj 
Bl  flre-ei>)rin«ii,  or  iadeed  in  onj  machiDC*  whatCTCr, 
10  idirniouti  wnlkinK  erana  of  Hardle. 
M  att'i6r.e  in  the  eoRine  ancordini;  lo  Ibn  coniitrvrtion 
ribed.  is  Iho  rontriTaace  tn  produce  ■nrnfiaHafitrniM. 
done  bj  the  compreuion  and  proportional  elasticity 
the  barrel  ntrrf,  catUd  the  air-*ciiel.  For  the  air. 
dattie  fluid,  will  he  suaccptibl^  orcnroprcssion  in  anj 
r  the  water  forced  in  lhrnu|[h  the  valTC^t  at  I,  K  :  and 

force  of  the  air'n  sprin<c  will  alwat*  he  iniferjiel)'  ns 
I  it  |>o4!ac»!ir*,  it  follown  that  nhen  the  a1r-*essel  ii  half 
Iter.  Ilif  nir  will  be  comprciiied  lulo  half  the  space  it 
i  at  tirti,  and    therefore  its  Rprinfc  will    he  twice   ai 

at  liist.  Iliit  this  sprintc  at  first  was  equal  lo  the 
of  (lie  alniospbere  on  the  aame  siirfacc ;  for  if  it  were 
nid  not  have  unstained  or  resiatcd  Ihe  pri-iiare  of  the 
ire  which  slnnd  over  it,  and  consequently  could  not 
d  the  teitsel  before  Ihe  water  wai  driven  in.  which  jet 
1  did,  and  maintained  an  equilihriuni  with  the  common 

>  Tctscl  then  beinfC  half  tilled  with  water,  or  the  air 
ted  into  half  the  lint  «pace.  iti  spring  will  in  Ihii  case 
to  twice  the  pressure  of  the  atuioaphcre  ;  and  tbere- 
n  Ihe  atop-cocli  at  ;i  is  turned,  Ihe  air  within,  preiMoc 
ibjacent  water  with  twice  the  force  it  meets  with  from 
mal  air  to  the  pi|ie  t/.  will  cause  the  water  lo  spout 
e  engine  lo  the  lieight  of  »3  or  33  feel,  if  the  friction  is 

■be  air-*essrl  is  two-thirds  (iill  of  water,  the  air  lakes 
lird  part,  whriicc  its  iprini;  will  be  three  limes  as  ([real 
if  the  common  air,  auit  it  will  project  the  water  with 
^  commrin  atmospheric  pressure,  consequently  it  will 
le  height  o((f2  r>r  III  feel.  When  the  air-ressel  ii  three- 
all  of  water,  the  air  « ill  he  rompressrd  into  iu  one- 
irt.  and  so  will  iiroinidc  the  water  iiith  three  limes  the 
eric  pressure,  ami  carry  ii  lo  llie  height  of  tt6  or  Uff 
r.  Orrgory'i  ,VrrA. 

■I  alleratiuns  and  improTement*  have  been  made  from 
iae  in  Die  construction  of  fire-eoKinc,  by  Bramah. 
m,  Simpkin.  Rowntree.  and  Phillips,  wbo  have  aerared 
rentiona  from  infrinKcment  by  patents.  Of  Flint's 
>r  eitioKNishinic  6rrs.  the  following  is  «  short  descrip- 
rom  a  platform  rises  an  upriiht  pole  or  mast,  of  luch 

>  may  he  judf^ed  neeessarj  :  a  icafi  slides  upon  it  in  an 
If  direction,  and  alons  both  is  conveyed  the  leather 
■  the  engine.  The  branch  or  nnse-pipe  of  the  enpne 
at  Ihe  extremity  of  the  eafl:  Inwards  which  an  iron 

fixed,  whence  two  chains  are  suspended  ;  and  from 
n|C  ropes,  which  serve  to  live  an  horiaontal  direction  to 
Bb:  Hhile  other  ropes, that  run  Ihrnupth  proper  pullets, 
thus  conveyeil  down  Ibe  mast,  serve  likewise  to  com- 
9  a  vertical  motion  lo  it.  By  these  means,  the  branch 
pipe  of  Ihe  engine  is  condocled  into  Ibe  window  of  any 
<ere  the  6re  mure  imniedialely  raKci ;  and  the  effect  of 
r  discharged  i*  applied  in  the  moat  eficaciooi  manner 
ilineuishinfE  of  Ihe  Barnes. 

ID  mud  simple  Sre<en|pne  is  that  invented  ta  America 
Dearborn,  of  which  the  following  are  ihe  particulars  : 
C  D.  in  the  figure,  are  Ibe  edges  of  two  plaaki,  cod' 


k  AH, 
waded* 


ihirb  is  covered  wilt  a  «al*r.    The  ariM  BB 
a  the  common  eeatra  / ;  thn«  vm  alM  arms 


Jiaraltcl  lo  these  on  Ihe  oppoiile  side;  jij  are  lie  endv  of 
landles  which  are  fnitened  across  the  ends  of  ihe  arms.  \l  k 
a  bolt  fcoes  across  from  arm  lo  arm,  lo  which  Ihe  tuer.e  it  i« 
alGsed.  and  on  which  il  playa:  the  lower  end  of  Ihia  piece  ii 
faslencd  to  the  lop  of  the  spear  r.  G  lf\t  a  standard  lor  the 
purpose  of  supporiipg  the  arms,  lo  wbieh  there  is  ■  eorreipon- 
deni  one  on  the  opposite  side  ;  both  are  nolcbed  into  Iheedicea 
of  the  flasks,  where  they  are  aeenred  by  a  boll,  which  passes 
Ihroufch  them  at  /,  and  hat  a  Dot  or  fore-lock  on  Ibe  opposite 
side.  HI,  III,  are  a(|Bare  braces,  ausweriof  the  purpose  ol 
dneta,  Ihrounh  which  the  water  ascends  from  the  harrds, 
pasiioit  ihnm<ih  the  plank  at  m.  K  L,  K  L.  are  irons  in  the 
form  of  a  aiaple.  in  order  lo  conline  the  brarea :  the  lower 
ends  of  these  irons  meet,  and  are  secured  by  a  boll  paasiaf 
ihroDzh  them,  and  M  V  ■  o,  which  is  a  piece  that  iraas  np 
throufch  a  mortise  in  Ihe  centre  of  the  planks.  This  piece  is 
sqnare  from  the  lower  end,  till  it  reaches  the  lop  of  Ihe  braces, 
whence  Ihry  become  c>lindrical  lo  the  Inp,  the  upper  end 
beinfr  petforated  snlBcieiilly  low  down,  in  order  to  communicate 
with  ilic  braces.  O  P  i't  an  iron  rini  that  siirronnda  the  Inbe, 
and  has  twn  shanks  which  ascend  IhmuEh  Ihe  head,  whieh 
scruas  on  the  tup  at  p^ ;  ri  is  a  fenile  nailed  ronnd  Ibe  tube. 
The  annexed  flsnre  is  Ihe  same  en- 
gine ;  the  arms  and  ilandards  being 
taken  off.  in  order  lo  delineate  mom 
clearly  the  nHidi-  of  aecaring  Ihn 
braces :  an    object    whii:b   is   eoin- 

filetely  effected  by  a  wedge  driven 
nio  Ihe  mortise  a ;  beneath  the  up- 
per plank  t  i*  a  hole  for  admiliing 
a  passage  In  the  bolt,  which  secures 
Ihe  standsrds.  In  this  figure  a  side 
view  of  the  bead  is  given,  with  the 
pipe  in  a  perpendicular  direction. 
The  machine  ii  confined  within  a 
boa,  set  on  wheels,  as  in  the  com- 
mon fire-engines.  The  whole  is 
madeof  wood,  excepting  Ihe  speari 
of  the  pomps,  and  a  few  bolls,  Im. 
The  advantages  of  this  machine  are,  that  il  ran  be  made  in  aiqr 
place  where  common  pumps  are  manufactured  ;  that  the 
interior  work  will  not  exceed  one-fourth  of  the  price  of  those 
which  are  constmeied  on  Ibe  nsnal  plan;  and  that  they  are 
incomparabl;  more  easy  to  work  than  the  common  ones;  cir- 
ciimitaacea  which  sironglv  recommend  Ihe  American  flr^ 
encine  to  Ihe  attention  of  the  public,  — Gr«yirry'i  Mrthm». 

tltit,-Eteapt,  a  machine  for  remofiog  perioos  fmm  the 
upper  (lories  of  houses  on  fire,  oonsisis  of  a  pole,  a  rnpe,  and 
a  basket.  The  pole  is  of  Br,  or  a  common  scaffold  pole,  of  any 
convenient  length,  from  36  to  46  feel.  The  diimeter  at  bottom, 
or  greatest  end,  about  Sve  inches :  and  at  Ihe  lop,  or  smallest 
end.  about  three  inches.  At  three  feet  from  Ihe  lop  is  a  mor- 
tise through  the  pole,  and  a  pulley  fixed  to  it  of  nearly  Ihe 
same  diameter  with  the  pole  in  that  part.  The  rope  is  about 
Ihn'e-qaarters  of  an  inch  diameter,  and  twice  Ihe  length  of  the 
pole,  with  a  spring-hook  at  one  end,  to  pass  through  the  ring 
in  the  haridle  of  Ihe  basket  when  nscd  :  it  is  pnt  Ibrough  Ihe 
mortise  over  the  pnllej,  and  then  drawn  tight  on  each  side  lo 
near  the  bottom  of  the  pole,  and  made  fast  there  till  wanted. 
The  basket  should  be  of  strong  wicker-work,  three  feel  and  a 
half  long,  two  feet  and  a  half  wide,  rounded  off  at  the  corners, 
and  four  feet  deep,  rounding  every  nay  at  Ibe  bottom.  To  the 
lop  of  the  basket  is  fixed  a  strong  iron  curre  or  handle,  with 
an  eye  or  nag  in  the  middle ;  and  to  one  aide  of  the  basket, 
near  the  lop,  is  fixed  a  small  cord,  or  guide-rope,  of  ahoot  the 
length  of  the  pole.  When  Ihe  pole  is  raised,  and  set  against  a 
house  over  the  window  from  which  any  persons  are  to  escape, 
ihe  manner  of  using  it  is  so  plain  and  obvious,  that  it  need  not 
be  described.  The  most  convenient  distance  from  tbe  bouse 
for  the  foot  of  the  pole  to  siaod,  where  practicable,  is  about  n 
or  14  feet.  If  two  atrong  iron  straps,  about  three  feet  long, 
riveted  lo  a  bar  cross,  and  spraadlng  about  14  inehea  at  Ihe 
foot,  were  fixed  at  the  bottom  of  Ibe  pole.  Ibis  woold  prevent 
its  tornlng  round  or  slipping  on  tbe  pavement :  and  If  ■  stroaf 
iron  hoop,  or  ferule,  riveted  (or  welded)  to  a  temlcireular  piece 
of  inw  spiMdinc  abomt  IS  iwbef,  awl  poUted  at  tho  «*ds, 
4k 
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were  fixed  on  at  the  top  of  the  pn)p.  it  would  prevent  its 
■tiding  against  tlie  wall.  Wben  these  two  last-menlioned  irons 
are  fixed  on,  they  gi*e  the  pole  all  the  steadiness  of  a  ladder ; 
and  because  it  ii  not  easy,  except  to  persons  who  ha  e  been 
used  to  it,  to  raise  and  set  uprif^hi  a  pole  of  40  feet  or  mo  e  n 
length,  it  will  be  conrenieni  to  have  two  small  poles  o  spa  n 
of  aboat  two  inches  diameter,  Gied  to  the  sides  of  the  g  eat 
pole  at  about  two  or  three  feet  above  Ibe  middle  of  it,  by  on 
ejes  riveted  to  two  plates,  so  as  to  turn  erery  way;  the  owe 
eod  of  these  spars  to  reach  within  a  foot  of  the  bottom  of  he 
great  pole,  and  to  hare  ferules  and  short  spikes  to  p  e  ent 
sliding  on  the  parement.  when  used  occasionally  to  uppo  t 
the  great  pole  like  a  tripod.  There  should  be  two  sir  ng  ash 
tmndles  let  through  the  pole,  one  at  four  feet  and  one  a  fi  e 
feet  from  the  bottom,  to  stand  out  about  eight  inches  on  ea  fa 
side,;and  to  serve  as  handles,  or  to  twist  the  rope  round  d 
lowering  a  very  heavy  weight.  If  a  block  and  pulley  we  e 
fixed  at  about  the  middle  of  the  rope,  above  the  other  pu  ey 
and  the  other  part  of  the  rope  made  to  ran  doable,  i  wou  d 
diminish  anj  weight  in  the  basket  nearly  one-half,  and  be  very 
useful  in  drawing  an;  person  up  to  the  assistance  of  those  in 
the  chambers,  or  for  removing  any  cfiects  out  of  a  ehamber, 
which  it  mi|;ht  be  dangerous  to  attempt  by  the  stairs. 

It  has  been  proved,  by  repeated  trials,  that  such  a  pole  as 
we  have  been  speaking  of  can  be  raised  from  the  ground,  and 
two  or  three  persons  taken  out  of  the  upper  windows  of  a 
bouse,  and  set  down  safely  in  the  street,  in  the  space  of  3A 
seconds,  or  a  little  more  than  half  a  minute.  Sick  and  inlirm 
persons,  women,  children,  and  many  others,  tvlio  cannot  make 
use  of  a  ladder,  may  be  safely  and  easily  brought  down  from 
an;  of  the  windows  of  the  hoase  on  fire  by  this  machine,  and 
by  pnlting  a  short  pole  throuj^h  the  handles  of  ihe  basket,  may 
be  removed  to  any  distance  without  being  taken  out  of  the 
basket.  The  pole  must  always  have  the  rope  read;  fixed  to  it, 
and  ms;  be  eoDvenienlly  laid  up  upon  two  or  three  iron  hooks 
nntler  any  shade  or  gateway,  and  the  basket  should  be  kept  at 
the  watch-bouse.  When  the  pole  is  laid  up,  the  two  spars 
should  always  be  turned  towards  the  head  of  it.  The  basket 
should  be  made  of  peeled  rods,  and  Ihe  pole  and  spars  painted 
of  a  light  stone'Colour,  to  render  it  more  visible  when  used  in 
the  night 

The  6re-escape,  exhibited  in  figure  K  has  the  advantages  of 


and  the  middle  one  B.  The  ropes  are  made  fast  to  the  bottoa 
of  the  middle  one,  on  each  side,  in  a  proper  direction  with  the 
pullcjs  on  the  top.  The  uppermost  ladder  C,  is  attached  to 
themddeooe  n  hesamemanne  and  on  the  top  of  it  carries 
wo  bom  p  ecca  D  made  of  on  and  tu  ned  off  at  each  end, 
similar  to  3  borss, 
which  are  fonr  feet 
wide ;  their  ends 
are  sharp,  to  pitch 
on  each  side  of  a 
window,  and  with 
their  poiots  to  bold 
the  ladders  steady. 
The  three  ladder), 
when  shut  dowe, 
areabont  I5feelia 
height.  The;  are 
placed  perpendi- 
cularly  in  Ibe  mid- 
dle of  a  framed  csr- 
riage  EF,  of  S  feel 
6  inches  long,  and 
6feet6iaches«ide. 
mounted  upon  foar 
wheels,  P.  On  each 
ride  of  the  carriage 
a  windlass  is  af- 
fixed :  that  marked 


nthe 


of  the  carriage,  is 
for  the  foar  ropes, 
aa,  and  bt,  fixed 
tn'o  Id  each  ladder 
AB.     By  I 


this    ^ 


ndlas 


of  a  long  canvass  cradlci 


expeditii 
attached    to    a 
species  of  lad- 
der   work,    not 
golikt  the  ihrmidt 

of  a  ship,  and 
;el  so  compact 
Bstooccnpybut 
a  small  space  in 
Ihe  bulTette  of 
tb*  vindow,  wlKTe 
it  can  be  pack- 
ed np  in  a  case 
of  wood,  which  I 
ina;  represent 
an;  piece  of  i 
■-(urnilure.  The  *^ 
whole  is  very  securely  filed  inside  of  the  window-sill,  and  nn 
an  alarm  of  fire  being  given,  the  lowering  end  mn;  be  thrown 
out  into  Ihe  street,  where  it  will  soon  be  laid  hold  of  by  some 
persons,  and  brought  into  the  slide  or  declivity  shewn  in  the 
figure,  A  child  may  then  be  dropped  into  the  cradle  or 
channel,  and  wilt  slide  into  the  arms  of  a  person  below,  with- 
out an;  injury,  or  risk  of  any.  This  article  is  manufactured 
b;  H.  Rogers,  10,  King-street,  West  SraiihCeld. 
.  Bavit'i  Flae  Eiea^.  This  fire-escape  is  calculated  for  the 
ase  of  a  parish,  and  is  admirably  adapted  to  the  very  important 
end  the  inventor  of  it  proposed  to  accomplish.  It  principally 
s  of  three  Isdders,  A,  B,  C,  as  in  the  following  figure. 


nay  slide  into  the  one  beneath  it.  On  the  top  of  the  low< 
most  ladder  A,  two  pullcjs  are  fixed  on  the  inside,  over  whi 
riro  ropes  aa  pass,  and  are  liluated  between  Ihe  lower  one 


ladders  ma;  be 
wound  out  from  their  standing  height  of  fifteen  feet,  lo  forty. 
Over  Ibis  windlass  is  a  screw,  turned  by  the  winch  d,  by  tamiag 
which  the  ladders  ma;  be  inclined  a°;arnst  the  house.  wlUislI 
imaginable  ease.  On  Ihe  top  of  the  upper  ladder  C,  on  Ihe 
outside,  are  two  pulleys,  over  which  two  chains  are  condaeted 
lo  the  windlass  H,  on  the  left  side,  for  the  purpose  of  cartyiac 
up  a  bos  I.  Two  boxes  of  this  description  travel  with  the  Ire- 
escape,  so  that  in  the  event  of  one  being  filled  with  imsB 
valuables,  it  ma;  be  unhooked,  and  the  other,  K,  put  on,whi(k 
will  save  time.  The  whnle  of  this  apparnlus  may  be  drawn  If 
one  horse,  orsixmen,  and  when  arrived  at  the  scene  of  dangtr, 
may  be  adjusted  in  two  minutes.  If  every  parish  were  provjdid 
with  it,  and  kept  it  where  it  might  be  brought  out  wilboul 
dela;,  there  cannot  he  a  doubt,  that  man;  of  the  serious  acd- 
deols  occasioned  by  fires  would  be  prevented.  The  key  el 
access  to  the  machine  should  be  kept  at  some  well-koowa 
place,  and  Ibe  machine  should  be  brought  oat  at  the  first  alans 
of  fire,  as  it  offers  tbe  ready  means  of  either  ascent  or  desoeai. 
ftnd  possesses  great  superiority  over  an;  common  or  paiiil 
ladder,  which  is  useless,  or  next  to  useless,  unless  it  aeeidea- 
tally  happens  (o  be  of  the  right  height. 

A  method  equal  to  the  foregoing,  as  far  as  facilitj  of  escu* 
is  concerned,  may  be  adopted  by  framing  two  sides  of  a  ladder 
.similar  to  a  fishing  rod  ;  the  whole  consisliug  of  an  indeiaitc 
number  of  pieces  of  light  tough  wood,  so  fitted  as  to  screw  Iks 
end  of  one  into  the  socket  of  the  other.  The  upper  end  pieett 
having  books  fixed  on  them,  will  enable  the  inmates  to  fix  Ik* 
ladder  in  the  sill  of  a.  window,  and  the  lower  end  may  be  krpt 
steady  by  persons  below,  and  free  from  the  danger.  But  alter 
all  Ihe  methods  that  might  be  given,  the  misfortune  is,  that  is 
the  greater  number  of  such  calamities,  escape  has  seldom  beet 
eflrcted  by  such  artificial  means. 

FjRE-FJIiM,  a  species  of  files  common  in  America,  of  wMcfc 
there  are  two  species.  The  largest  is  more  than  an  ineb  ia 
length,  it  has  two  feelers,  two  wings,  and  six  lens.  Under  iU 
belly  is  a  circular  pntrh.  which,  in'ihi-  dark,  shines  tikeacin- 
dle  ;  and  on  each  aide  of  the  head,  nrar  the  eyes,  is  a  pnsa- 
iient,  globular,  luminous  body,  in  size  ahnnt  one-third  lar|t<* 
th.in  a  mustard-seed.  Each  of  these  bodies  is  lik:*  a  livisg 
ilar,  emitting  a  bright,  and  not  small  light ;  siacc4wa  or  thrsr 
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mimals,  put  into  a  ^lasi  vessel,  aflTord  a  lif^ht  sufli- 
ead  by  witlioiit  difliculty,  if  placed  eloae  to  the  book. 
5  fly  is  dead,  these  bodies  will  still  afford  considerable 
ui^h  less  vivid  than  before ;  and  if  bruised,  and  rubbed 
liands  or  face,  they  become  luminous  in  the  dark,  like 
smeared  over  with  Enfclish  phosphorus.  The  other 
lot  more  than  half  as  lary^e  as  the  former :  their  lifcbt 
from  under  their  nin^s,  and  is  seen  only  when  they 
tted,  like  sparks  of  fire,  appearint;  or  disappearinfc  at 
t)nd. 

*Uct,  Economical  (ire-places  should  be  constructed 
llowing;  principles:  I.  To  place  the  fcrato  as  near  the 
lay  be.  2.  To  brinp  it  as  forward  as  may  be.  con- 
with  the  proper  situation  of  tlie  flue  of  the  chimney, 
|(ht  to  he  directly  over  the  fire,  and  not  larg^er  than 
to  give  free  pa.^sa^c  at  all  times  to  the  smoke.  3  The 
iece  should  be  as  low  as  possible,  without  sufferinfc 
heat,  or  obstructing:  the  proper  radiation  of  it  into  the 
ly  these  means,  a  much  greater  Tolunie  of  heated  air 
td  in  a  room  of  equal  size,  than  by  high  grates  and 
!nings. 

'kip,  a  vessel  filled  with  combu'ctible  materials,  and 

;h  grapplini;-irons,  to  hook  and  set  lire  to  the  enemy *s 

iome  English  vessels,  tilled  with  combustible  matter, 

among  the  Spanish  ships  composing  the  Invincible 

in  15HS,  are  said  to  have  given  rise  to  the  terrible 

of  lire-ships.     However,  Livy  informs  us,  that  the 

I  had  invented  a  kind  of  fire-ships,  which  were  used  in 

with  the  Homan  fleet  in  their  engagements  with  the 

in  the  }ear  before  Christ  190.     Cauldrons  of  eombus- 

burning  materials  were  hung  out  at  their  prows,  so 

'  of  the  enemy's  ships  durst  approach  them  ;  these  fell 

nemy's  guilt  ys,  stuck  their  beaks  into  them,  and  at 

time  set  thrm  on  fire.     As  there  is  nothing  peculiar 

nstruction  of  a  modern  fire-ship,  except  the  apparatus 

I   the    fire    is   instantly  conveyed   from  one  part    to 

and  from  thenrc  to  the  enemy,  it  will  be  sufficient  to 

the  lire-room  in  which  the  combustibles  are  enclosed, 

with  the  in>truuicnts  necessary  to  grapple  the  ship 

to  be  ilcstro\e<i. 

e-room  is  built  between  decks,  and  extends  from  the 
i  at  the  forecastle  to  a  bulk-head  raised  behind  the 
It.  The  train  enciostvl  in  this  apartment  is  contained 
ber  of  >«oiMlcn  troughs,  which  intersect  each  other  in 
parts  of  the  ship's  lenzth,  being  supported  at  proper 
(  by  eioss-picccs  and  stanchions.  On  each  side  of 
are  six  or  ^r\fn  ports  about  eighteen  inches  broad, 
:n  inches  hi^h,  and  having  their  lids  to  open  down- 
Dtrary  to  the  usual  method.  Against  every  port  is 
n  iron  citnniher.  These  iron  chambers  are  ten  inches 
I  f  in  di.inirter.  They  are  breeched  against  a  piece 
fixed  annsH  the  poris,  and  let  into  another  a  little 
H'hcn  lonilcrd.  thc>  are  nlmoixt  Idled  with  cornpowder, 
a  woiiilcn  tonipion  well  driven  into  their  niuxzles. 
*  primed  nith  a  small  piece  of  ipiick-match  thrust 
their  vents  into  the  ponder,  viith  n  part  of  it  hanging 
hen  the  ports  are  blown  opiMi  by  means  of  the  iron 
I,  the  port  lids  cither  fail  ilownwards,  or  are  carried 
the  explosion.  At  the  time  of  tiring  the  ship,  the 
nber  blows  out  the  port-lid.  and  opens  a  pa^saice  for 
Immcfliately  under  the  main  end  fore-shroud«  is 
ooden  tunnel,  whose  lower  eml  cornmunieates  nith  a 
'I,  (sre  the  article  KiKK-H.iRRl-i.s,)  by  which  the  flame 
throuch  the  funnel  is  conducted  to  the  shrouds, 
the  funnels,  which  are  likewise  called  fire-trunks,  are 
:les.  or  small  holes,  in  the  upper  deck,  serving  also  to 
te  flames,  lloth  tunnels  must  be  xtopp^d  with  plugs, 
sail  eluth  orean\ass  nailed  close  over  them,  to  prevent 
lent  bappenin:;  from  above  to  the  combustibles  laid 
The  ports,  funnels,  and  .scuttles,  not  only  communicate 
'S  to  the  outside  and  upper-works  of  the  ship,  and  her 
but  likewise  open  a  passage  for  the  inwnid  air  eon- 
Ibe  fire-room,  nbich  is  thereby  expanded  so  as  to 
tetuously  throueh  those  outlets,  and  prevent  the  blow* 
the  decks,  nhieh  must  of  necessity  happen  from  fueh 
nd  violent  rcfractiuu  of  the  air  aj  will  then  be  pro- 


duced. Od  each  side  of  the  bulk-head  behind,  if  eat  a  bole  oi 
sufficient  sise  to  admit  a  trough  of  the  same  dimensions  as  the 
others.  A  leading  trough,  whose  foremost  end  communicates 
with  another  trough  within  the  fire-room,  is  laid  close  to  this 
opening,  from  whence  it  extends  obliquely  to  a  sally-port  cut 
in  the  ship's  side.  The  decks  and  troughs  are  well  covered 
with  melted  rosin.  At  the  time  of  firing  either  of  the  leading 
troughs,  the  flame  is  immediately  conveyed  to  the  opposite 
side  of  the  ship,  whereby  both  sides  burn  together. 

The  lieutenant's  cabin  is  on  the  starboard-side,  and  the 
roaster's  cabin  on  the  larl»oard :  the  captain's  cabin  is  sepa* 
rated  from  these  by  the  bulk-bead.  The  stores  for  a  fire-sliip 
of  150  tons  are— 


8  Fire -barrels. 
1*2  Iron  chambers 
209  llavins.  single  dipped. 
'24  Port-fires. 

3|  Priming  composition  bar- 
rels. 


1  Quick-match  barrel, 
no  Dipped  curtains. 
UA)  I^mv  reeds,  single  dipped. 
7.5  Short  reeds,  single  dipped. 
75  Short  reeds.  doubledip|)ed. 
CO  Hand  grenadocs. 


The  quantity  of  composition  for  preparing  the  stores  of  a 
fire-ship  is  exhibited  in  the  following  statement: 

For  H  barrels.— torn-poiider.OfiO lbs. ;  pitch.  4H0 ;  tallow.  HO. 

For  3^  barrels,  priming  composition. — Saltpetre,  175  lbs. ; 
sulphur.  140;  corn-powder,  350 ;  rosin.  *2I  ;  oil,  llpts. 

For  the  curtains,  bavins,  and  reeds  for  the  ship,  and  sulphur 
for  salting  them. — Sulphur,  *200lb8. ;  pitch,  350;  rosin,  175; 
tallow,  50 ;  tar,  *25. 

Total.^-Saltpetre,  175  lbs. ;  sulphur,  340  lbs. ;  eom-powder, 
I310lbs.:  pitch,  830  lbs. ;  rosin,  106  lbs. ;  tallow,  130  lbs. ;  tar, 
25  lbs. ;  oil,  1 1  pts. 

For  reeds  for  the  barrels,  IGO  lbs.  being  one-fifth  of  the  whole 
of  the  last  article. 

The  reeds  are  made  up  in  small  bundles  of  about  a  foot  in 
circumference,  cut  even  at  both  ends,  and  tied  together  in  two 
places.  They  are  distinguished  into  two  kinds,  riz,  the  long 
and  short ;  tiie  former  of  which  are  four  feet,  and  the  latter  tHro 
feet  five  inches  in  length.  One  part  of  them  are  singly  dipped, 
I.  e.  at  one  end  ;  the  rest  are  dipped  at  l>oth  ends  in  a  kettle  of 
melted  composition,  and  being  immersed  alxiut  seven  or  eight 
inches  in  this  preparation  and  then  drained,  they  are  sprinkled 
over  with  pulverised  sulphur  upon  a  tanned  hide. 

The  bavins  are  made  of  birch,  heath,  or  other  brushwood, 
which  is  tough  and  readily  kindled.  They  are  usually  two  or 
three  feet  in  length,  and  have  all  tbeir  bushways  lying  one  way, 
the  other  ends  being  tied  together  with  sninll  eordi.  They  are 
dipped  in  composition  at  the  bush  ends,  whose  branches  are 
afterwards  confined  by  the  hand,  to  present  them  from  break- 
ing off*  by  moving  about ;  and  also  to  make  them  burn  more 
fiercely.  After  being  dipped  in  the  same  manner  as  the  reeds, 
they  are  also  sprinkled  with  sulphur. 

Quick-match  is  formed  of  three  strands,  drawn  into  length, 
and  dipped  into  a  boiling  composition  of  w  bite-win^- vinexar, 
saltpetre,  and  meal  or  corn  powder,  \fter  this  immersion  it  is 
taken  out  hot  and  laid  in  a  trough,  where  some  mealed  pow- 
der.  moistened  with  spirits  of  wine,  is  thoroughly  incorporated 
with  the  twists  of  the  cotton,  by  rolling  it  about  therein.  Thus 
prepared  they  are  taken  separately  and  drawn  throueh  mealed 
powder,  then  hung  upon  a  line  till  dried,  by  which  they  are  fit 
for  immediate  service. 

Port-fires  are  frequently  used  by  the  artillery -men  In  pre- 
ference to  matches,  to  set  fire  to  the  povider  or  composition. 
They  are  distinguished  intti  wet  and  dry  port  fires.  The  e(»m- 
position  of  the  former  is  saltpetre  four,  sulphur  one,  and  mealed 
powder  four.  When  these  materials  are  thorouphly  mi^ed 
and  sifted,  the  whole  is  to  be  moistened  with  a  litt'e  lin.secfl 
oil,  and  nibbed  between  the  bands  till  the  oil  is  imbibed  by 
the  composition.  The  preparation  for  dry  |Nirt-fiies  is  sali- 
|>etre  four,  sulphur  one,  mealed  powder  two.  and  n alimony 
one.  These  compositions  are  driven  into  small  paper  eases, 
to  be  used  whenever  necessary. 

Four  of  the  eight  fire  barrels  (nccordinc  to  the  stores  men- 
tioned above  for  a  fire-ship  of  l.'iO  tons)  are  placed  under  thr 
four  fire-trunks,  and  the  other  four  between  them,  tHo  on  each 
side  of  the  fire-.scuttles,  where  thev  are  secureU  cleated  to  thr* 
deck.  The  longest  reeds  are  put  into  the  fore  and  aft  troughs 
and  tied  down;  the  sborlest  reeds  arc  laid  lo  the  troughs 
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athwart,  and  tied  down  also.  ,  The  bavins,  dipped  at  one  end, 
are  tied  fast  to  the  troughs  over  the  reeds,  aod  the  curtains 
are  nailed  up  to  the  beams  in  equal  quantities  on  each  side  of 
the  fire-room.  The  remainder  of  the  reeds  are  placed  in  a 
position  nearly  upright,  at  all  the  angles  of  every  square  in  the 
fire-room,  and  there  laid  down.  If  any  reeds  are  left,  they  are 
to  be  put  round  the  fire-barrels  and  other  vacant  places,  and 
there  tied  fast 

Instnictums  to  Prime.'— T^ke  up  all  your  reeds,  one  after 
another,  and  strew  a  little  composition  at  the  bottom  of  all  the 
troughs  under  the  reeds,  and  then  tie  them  gently  down  again: 
next  strew  composition  upon  the  upper  part  of  the  reeds 
throughout  the  fire-room,  and  upon  the  said  composition  lay 
double  qaick-match  upon  all  the  reeds  in  all  the  troughs :  the 
remainder  of  the  composition  strew  over  all  the  fire-room,  and 
then  lay  your  bavins  loose. 

Cast  off  all  the  covers  of  the  fire-barrels,  and  hang  the  quick- 
match  loose  over  their  sides,  and  place  leaders  of  quick- match 
from  the  ends  into  the  barrels,  and  from  thence  into  the  vent 
of  the  chambers  in  such  a  manner  as  to  be  certain  of  their 
blowing  open  their  ports,  and  setting  fire  to  the  barrels.  Two 
troughs  of  communication  from  each  door  of  the  fire-room  to 
the  sally-ports,  must  be  laid  with  a  strong  leader  of  quick- 
match  four  or  five  times  double ;  also  a  cross  piece  to  go  from 
the  sally-port,  when  the  ship  is  fixed,  to  the  communication- 
trough,  laid  with  leaders  of  quick-match,  that  the  fire  may  be 
communicated  to  both  sides  at  once.  What  quick-match  is 
left,  place  so  (hat  the  fire  may  be  communicated  to  all  parts  of 
the  room  at  once,  especially  about  the  ports  and  fire-barrels, 
and  see  that  the  chambers  are  well  and  fresh  primed. 

The  port-fires  used  for  firing  the  ship,  burn  about  twelve 
minutes ;  great  care  must  therefore  be  taken  to  have  no  pow- 
der on  board  when  the  ship  is  fired. 

The  sheer-books  are  fitted  so  as  to  fasten  on  the  yard-arms 
of  the  fire-ship,  where  they  hook  the  enemy's  rig^ng.  The 
fire-grapplings  are  either  fixed  on  the  yard-arms  or  thrown  by 
hand,  having  a  chain  to  confine  the  ships  together,  or  fasten 
those  instruments  which  are  necessary. 

When  the  commanding  oflBcer  of  a  fleet  displays  the  signal 
to  prepare  for  action,  the  fire-ships  fix  their  sheer- hooks,  and 
dispose  their  grapplings  in  readiness.  The  battle  being  begun, 
they  proceed  immediately  to  prime  and  prepare  their  fire- 
works. When  they  are  ready  for  grappling,  they  inform  the 
admiral  thereof  by  a  particular  signal. 

To  avoid  being  disabled  by  the  enemy's  cannon  during  a 
general  engagement,  the  fire-ships  continue  sufficiently  dis- 
tant from  their  line  of  battle,  either  to  windward  or  to  lee- 
ward. They  cautiously  shun  the  openings  or  intervals  of  the 
line  where  they  would  be  directly  exposed  to  the  enemy's  fire, 
from  which  they  are  covered  by  lying  on  the  opposite  side  of 
tJMir  own  ships.  They  are  attentively  to  observe  the  signals 
of  the  admiral  or  his  seconds,  in  order  to  put  their  designs  im- 
mediately  in  execution.  Although  no  ship  of  the  line  should 
be  previously  .appointed  to  protect  any  fire-ship  except  a  few 
of  Ihe  smallest  particularly  destined  to  this  service,  yet  the 
ship  before  whom  she  passes  in  order  to  approach  the  enemy, 
should  escort  her  thither,  and  assist  her  with  an  armed  boat,  or 
whatever  succour  may  be  necessary  in  her  situation. 

The  captain  of  the  fire-ship  should  himself  be  particularly 
attentive  l^at  the  above  instructions  are  punctually  executed, 
and  that  the  yards  may  be  so  braced,  when  he  falls  alongside 
the  ship  intended  to  be  destroyed,  that  the  sheer-hooks  and 
grapplings  fastened  to  the  yard-arms,  &c.  may  effectually  hook 
the  enemy.  He  is  expected  to  be  the  last  person  who  quits 
the  vessel,  and  being  furnished  with  every  necessary  assist- 
ance and  support,  his  reputation  will  greatly  depend  on  the 
success  of  his  enterprize. 

Fire,  Wild^  a  factitious  fire,  which  burns  even  under  water. 
It  is  composed  of  sulphur,  pitch,  nitre,  and  various  other  com- 
bustible materials ;  and  is  very  hard  to  extinguish.  Chentistry, 
however,  has  supplied  a  still  more  destructive  kind  of  wild-fire, 
in  the  anion  of  nitrous  acid  with  oil  of  turpentine.  These  two 
liquids,  separately,  are  perfectly  cold ;  bat  when  suddenly 
mixed,  produce  a  flame  not  easily  extinguished. 

To  make  Artijieial  Fire-works, — Artificial  fire-works  are  of 
two  kiiidft  those  made  of  ganpowder,^  Bitre»  and  other  inflam- 


mable substances  and  filings  of  the  metals,  camphor,  &e.  and 
those  produced  by  hydrogen  or  inflammable  air.  Those  nade 
with  gunpowder  are  well  known,  and  are  called  rockets,  fire- 
wheels,  tourbillons,  &c.  Of  these,  the  most  usual  are  roeketi; 
which  are  made  by  ramminsr  into  strong  cylindrical  paper 
cases  put  into  wooden  moulds,  like  small  hollow  colwnni, 
powdered  gunpowder,  or  the  ingredients  of  which  it  Is  oeoi- 
posed,  viz.  saltpetre,  sulphur,  and  charcoal,  very  dry.  To 
represent  a  fiery  rain  falling  from  the  rocket,  mix  among  year 
charge  a  composition  of  powdered  glass,  filings  of  iron,  and 
saw-dust :  this  shower  is  called  the  peacock's  tall,  on  aeeotot 
of  the  various  colours  exhibited.  Camphor  mixed  with  the 
charge,  produces  white  or  pale  fire ;  resin  a  rcddlah  eoloor, 
sulphur  a  blue,  sal  ammoniac  a  green,  antimony  a  reddish  yel- 
low, ivory  shavings  a  silvery  white,  pitch  a  deep  or  dark 
coloured  fire,  and  steel  filings,  beautiful  comscatioot  aad 
sparks.  Sticks  are  fastened  to  the  rockets,  by  which  they  are 
projected  into  the  air,  after  they  have  been  lighted :  theehaife 
burning  with  great  intensity  at  one  end,  acts  upon  the  air. 
which,  in  its  turn,  re-acts  upon  the  rocket,  and  causes  It  to 
ascend,  on  the  same  principle  as  a  boat  is  put  off  by  a  maDta 
it,  who  pushes  against  the  shore  with  a  boat-hook.  Fire- works 
by  means  of  inflammable  air  are  the  most  elegant ;  and  beiflg 
free  from  smell  or  smoke,  may  be  exhibited  in  a  room  wKhoat 
any  disagreeable  effect. 

FIRING,  in  the  Military  art,  denotes  the  discharige  of  sadi 
arms  by  platoons,  standing,  advancing,  or  retreating;  or  ni 
oblique  or  hedge  firing.  Platoons  fire  from  the  right  and  left 
alternately,  except  the  centre  platoon  of  the  regiment.  wMch 
being  in  charge  of  the  colours,  remains  loaded.  Hedge  firiair 
is  by  two  deep  ;  oblique  is  either  to  the  right  or  left,  aceordiag 
to  the  situation  of  the  object.  Parapet  and  banquette  firiag 
depend  on  various  circumstances — the  position  of  the  enetay. 
Square  firing  is  performed  in  hollow  square,  when  each  froat 
is  divided  into  four  divisions,  and  the  flanks  of  the  square 
being  the  weakest,  are  covered  by  four  platoons  of  grenadier*. 

FIRKIN,  an  Eni^lish  measure  of  capacity,  for  things  fiqaid, 
being  the  fourth-part  of  the  barrel.  It  contains  eight  gaAoof 
of  ale,  soap  or  herrings,  in  weight  dOlbs. ;  and  nine  of  beer. 

FIRLOT,  a  dry  measure  used  in  Scotland,  containing  Sif 
pints  of  that  country ;  the  barley  firlot  has,  however,  SI 
standard  pints  in  it.  The  wheat  firlot  contains  2211  eabie 
inches  ;  the  English  bushel  2178  cubical  inches.  The  Seofek 
wheat  firlot  is,  therefore,  .13  cubical  inches  larger  than  the 
English  bushel. 

FIRMAMENT  (firmamentum.  Latin).  This  word  has  beei 
used  with  great  latitude,  as  well  by  the  sacred  writers,  as  fcy 
poets  and  astronomers.  Some  old  astronomers  consider  tie 
orb  of  the  fixed  stars  as  the  firmament ;  but  in  Scripture,  nd 
in  common  language,  it  is  used  for  the  middle  regions,  or  the 
space  or  expanse  appearing  like  an  immense  concave  hem- 
sphere.  Many  astronomers,  both  ancient  and  modern,  se- 
counted  the  firmament  a  fluid  matter ;  but  those  who  gave  it 
the  name  of  firmament  must  have  considered  it  as  a  solid. 

FIRMNESS,  in  Philosophy,  denotes  the  consistence  oft 
body,  or  that  state  wherein  its  sensible  parts  cohere,  or  tie 
united  together,  so  that  a  motion  of  one  part  indaoes  a  motiea 
of  the  rest.  In  which  sense  firmness  stands  opposed  tt 
fluidity.    See  Cohesion. 

FIRST  Fruits,  in  the  church  of  England,  are  the  profits o( 
every  spiritual  benefice  for  the  first  year,  according  to  tte 
valuation  thereof  in  the  king's  books. 

FISC,  in  Civil  Law,  the  treasury  of  a  prince  or  state,  or^t 
to  which  all  things  due  to  the  public  do  fall.  Henee,  the 
Fiscal  is  the  officer  who  has  charge  of  the  said  treasary. 

FISH,  a  machine  employed  to  hoist  and  draw  up  the  flakei 
of  a  ship's  anchor  towards  the  top  of  the  bow,  m  order  to 
stow  it  after  it  has  been  catted ;  it  is  composed  of  foar  pttts, 
viz.  the  pendant,  the  block,  the  hook,  and  the  tackle,  which, 
with  their  uses,  are  described  under  the  article  Davit. 

Fish,  is  also  a  long  piece  of  timber,  convex  on  one  side  wai 
concave  on  the  other,  used  to  strengthen  the  lower  masts,  er 
the  yards  when  they  are  sprung,  or  have  received  some  dam- 
age in  battle,  or  in  tempestuous  weather,  &c.  to  effect  whkh 
they  are  well  secured  by  stout  rope  called  wooldlnic. 

Fish  Gig^  an  instrament  used  to  strike  fish  nt  ten;  H  M*^ 
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•  sUflT  with  three,  four,  or  nore  barbed  proiiff  of  steel, 
line  fanteord  to  the  end  on  which  the  proo|cs  are  fixed ; 
ther  end  is  fitted  a  piece  of  lead,  which  Kives  additional 
Che  stroke,  and  causes  the  points  to  turn  upwards  alter 
is  penetrated. 
Room^  a  space  between  the  after-hold  and  the  spirit- 

lERY,  a  place  where  fcreat  nuoibers  offish  are  caufcht, 
m  in  the  lochs  of  Scotland,  kerringt  among^  the  Hebrides, 
\$  alonj;  the  coast  of  Cornwall,  cod  oo  the  banks  of 
ndland.  and  whales  in  Greenland.  Fret  Fisher jf,  in 
a  ro>al  franchise — an  exclusive  riffht  of  fishin^c  in  a 
river ;  tliou^ch  some  have  considered  this  free  fishing 
I  ro>al  frrant.  Fishery  denotes  also  the  commerce  of 
9re  particularly  the  catching:  of  them  for  sale.  To 
kge  the  herrioic  fisheries  among:  the  Hebrides,  from  the 
'  James  V.  of  Scotland  till  the  year  Iftlft,  both  the 
nd  English  governments  protected,  patroniaed,  and  even 
I  bounties  to  the  herrinf;  fishers  of  these  kingdoms; 
10  bounties  are  now  withdrawn,  because  there  is  ample 
and  a  sufficient  spirit  of  ronipetitioo  to  continue  them 
ite  sources  of  emolument,  without  the  attention  of  his 
's  ministers.  Vod  Fitherif,  on  the  banks  of  Newfound- 
of  two  kinds  ;  the  one  green  or  white  cod,  and  the 
ried  or  cured  cod — each  being  the  same  species  of  fish, 
ITercntly  cured  and  prepared  for  the  market.  The 
are  salted  in  barrels  for  use ;  the  latter  salted,  and  then 
n  the  sun,  and  smoked.  The  best  season  is.  from  the 
ing  of  February  to  the  end  of  ApriL  The  roes  and 
I  of  cod  fish  arc  preserved  separately,  and  the  livers 
into  oil. 

Lohster  Fishery^  along  the  British  channel,  and  on  the 
f  Norway,  whence  this  shell  fish  are  brought  to  London 
: ;  also  in  the  Frith  of  Edinburgh,  and  on  the  coast  of 
mberland.  By  law,  no  lobster  is  to  be  taken  under 
s  long,  from  the  peak  of  the  nose  to  the  end  of  the  mid- 
)f  the  tail ;  nor  dare  the  fishermen  take  any  on  the  coast 
land  from  the  1st  of  June  to  tlie  1st  of  September,  by 
II.  cap.  33. 

\9rel  Fishery ^  on  the  French  and  English  coasts,  is 
fiom  April  to  August,  and  the  fish  are  taken  with  the 
by  means  of  nets. 

nackercl  fishery  is  an  object  of  great  commercial  im- 
fc  to  the  inhabitants  of  most  of  the  countries  on  the 
Df  which  these  fish  abound.  During  the  summer  season 
proach  our  coasts  in  immenne  shoals,  and  are  generally 
in  what  are  called  seine  nets.  From  June  to  August 
if  our  markets  are  supplied  with  them,  hot  as  they 
putrid  S(»oner  than  roont  other  fish,  they  cannot  be 
to  any  great  distance,  nor  be  kept  for  any  great  length 
On  this  account  it  is  that  tlicy  are  allowed  to  be  sold 
itreets  of  Lomlon  on  Sundays,  and  in  Catholic  countries 
days  and  festivals.  When  quite  fresh,  mackerel  are  an 
it  fish  fur  the  table,  and  are  in  best  season  from  May  to 
Both  in  Italy  and  in  England  they  are  often  pickled 
aegar  and  spices,  and  sometimes  with  bay  leaves  inter- 
By  the  inhabitants  of  many  parts  of  the  north  of 
they  arc  salted ;  and  in  this  state  constitute  a  cheap 
7  important  article  of  subsistence.  In  Scotland  they 
{■ently  cured  in  the  same  manner  as  herrings. 
Oyster  Fishery,  at  Col  Chester,  in  Essex,  Milton  and 
liani  in  Kent,  the  Iidc  of  Wight,  the  swales  of  the  Med- 
nd  Tenby  on  the  coast  of  Wales,  is  carried  on  from 
iber  till  May.  The  best  ousters  are  of  a  middle  siie  ; 
«  dragj^ed  up  by  a  net,  (with  an  iron  scraper  at  the 
\  wbicti  is  drai^^ed  by  a  rope  from  a  boat  over  the 
ind  then  stored  in  inr^c  pits  formed  for  the  purpose, 
nished  with  sluices,  through  which  at  spring  tides  the 
ter  is  sullrred  to  tbiw-.  In  these  pits  they  acquire  their 
ility,  and  become  fit  for  the  table  in  six  or  eight  weeks. 
ist  drlicious  n}stirs  arc  considered  to  be  those  which 
ened  in  the  salt-w  ater  creeks  near  Milton  and  Colches- 
)sters  are  out  of  season  during  the  summer  time,  the 
It  which  the>  deposit  their  spawn,  and  which  commences 
Donih  of  April.  Each  spawn  has  the  appearance  of  a 
eandit- grease,  and  adheres  to  rocks^  atones,  or  other 
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substanoes  on  which  it  happens  to  be  deposited.  In  wornt 
oyster  beds  old  shells,  pieces  of  wood,<io.  under  the  deooaina^ 
tion  of  ewUeh,  are  purposely  thrown  in  to  receive  the  spawn. 
From  these,  in  the  month  of  May,  the  oyster  fishers  are  allowed 
to  separate  the  spawn  for  the  parpose  of  transferring  it  to 
other  beds ;  but  they  are  required,  under  certain  penaltiea,  to 
throw  the  cultch  in  again,  that  the  beds  may  be  presenred  fisr 
the  future;  unless  the  spawn  should  be  so  small  as  not  with 
safety  to  be  separable  from  the  cultch.  Oysters  are  considered 
to  be  first  fit  for  the  table  when  about  a  year  and  half  old ;  aad 
they  are  among  the  few  animals  which  in  Europe  are  not  merely 
eaten  raw,  but  even  in  a  living  state.  Oysters  are  also  catan 
cooked  in  various  wavs,  as  sauce  to  diflTerent  kinds  of  iak, 
and  pickled.  The  shells^  like  those  of  other  testaceous  aniaals, 
consist  of  calcareous  earth  in  combination  with  animal  gine ; 
and  by  calcination,  they  yield  a  pore  kind  of  quiek  lime.  In 
this  state  they  are  not  only  useful  as  lime,  but  aro  alio  fre- 
quently employed  by  stationers  and  attorneys  as  ponnco  for 
rubbing  upon  parchment  previously  to  its  being  written  upon. 

The  Pikhmrd  Fishery,  on  the  coasts  of  Cornwall  and  Deron- 
shire,  from  Jooe  to  September ;  and  on  the  coast  of  Bretagne 
in  Prance,  and  the  coast  of  Dalmatia,  is  a  very  lucrative  oon- 
cern,  from  the  great  abundance  of  these  fish  that  are  taken. 

The  SMimon  Fishery,  in  the  Tweed,  the  Clyde,  the  Tay,  the 
Dee,  the  Don,  the  Spay,  the  Tyne,  the  Trent,  the  Severn,  mid 
the  Ban,  &c.  is  at  its  height  in  the  summer  season ;  the  hotter 
the  weather,  the  more  plentiful  generailv  the  fish. 

The  Stwrpeon  Fishery^  in  the  Volga,  the  Caspian  sea,  and  the 
Twiny  Fishery,  in  the  Mediterranean,  employ  a  great  number 
of  men.  The  Turkoi  Fishery,  on  the  Dutch  coast,  finds  a 
profitable  sale  in  London. 

FISHES,  in  Heraldry,  are  emblems  of  silence  and  watchAil- 
ness,  and  are  borne  either  upright,  emtwwed,  extended, 
endorsed  respecting  each  other,  surmounting  one  another,  Im. 
Or  they  may  be  cmnt  emblems,  as  a  salmon  borne  by  a  person 
of  that  name,  the  fish  being  perpendicotar ;  a  cod,  by  the  Ctd 
family  ;  a  herring,  by  the  Herrinms,  &e. 

PisHBS.  To  define  these  would  be  soperflooos :  bnt  tMr 
general  physiology  deserves  attention.  like  amphibions  ani- 
mals, the  hearts  of  fishes  are  onilocolar,  or  consist  bat  of  one 
cavity,  and  their  blood  is  less  warm  than  that  of  qnadrnpoda 
and  birds.  The  organs  of  breathing  are  the  ftlfi,  eqnivnloBl 
to  the  longs  in  man ;  and  these  consist  of  nnmerons  blood* 
vessels.  The  generality  of  fishes  are  covered  with  oenleai 
analogous  to  the  hair  of  quadrupeds  and  the  feathers  of  birds. 

llie/ns,  the  chief  instmments  of  motion,  consist  of  n  oer- 
tain  nomber  of  elastle  rays  of  processes,  either  of  one  ateflo 
piece  In  the  form  of  a  spine,  or  of  jointed  pieces.  The  ftmig 
or  spiny  rays  are  placed  at  the  fore  part  of  the  fin,  «mI  the 
soft  or  jointed  ra>s  towards  the  back  part  By  the  Tariooa 
flexures  of  these  organs,  the  movements  of  fishes  tio  coo- 
ducted ;  the  perpendicular  fins,  situated  on  the  back  or  oppor 
part  of  the  animal,  keeping  the  body  in  equilibrio,  whilo  tho 
uii  operates  as  a  rudder  at  the  stern  of  a  vressel,  and  the  Mo 
or  breast-fins  as  omrs.  The  stomach  is  large,  the  Intestlnoa  flir 
shorter  than  in  quadrupeds  and  birds :  and  the  liver  it  ynrj 
large,  usoally  placed  on  the  left  side. 

The  eir  hlmdder.  or  swimming  bladder,  is  a  very  highly  ontiova 
and  important  organ,  lying  closely  beneath  the  backbono,  and 
provided  with  a  very  strong  muscular  coat,  which  gives  it  the 
power  of  contracting  at  the  pleasure  of  the  fish,  so  as  to  con- 
dense the  air  with  which  it  is  filled,  and  thus  enable  the  ani* 
mal  to  deseend  to  any  depth,  and  again  to  mseend  by  bdng 
restored  to  its  largest  sise.  Some  fishes  are  destitute  of  thm 
air-bladder,  yet  remain  always  at  the  bottom :  as  the  whole 
tribe  of  flat  fish.  The  teeth  are,  in  some  tribes,  large  and 
strong,  in  others,  very  small ;  in  some,  sharp ;  in  others, 
obtuse:  in  some,  numerous ;  and  in  others,  few.  Sometimes 
they  are  placed  in  the  jaws ;  sometimes  in  the  palate  or 
tongue :  or,  even  at  the  eiitrance  of  the  stomach.  The  eyes 
are,  in  general,  large,  flattened,  or  less  convex  than  in 
quadrupeds  and  birds.  In  return,  the  central  part  of  the  eve. 
or  what  is  called  the  crystalline  humour,  is  of  a  glolMlnr 
shape,  to  give  the  animal  the  necessary  power  of  vision,  and 
to  compensate  for  the  comparative  flatness  of  the  eomoa. 

The  organ  oismeUistf,  in  fiahes.  Is  large;  and  they  hnvo  the 
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power  of  contracting^  or  dilatin(ip  it  at  pleasore.  This  sense  is 
extremely  acate.  The  organ  of  hearing  differs,  in  some  par- 
ticalars,  from  that  in  other  animals,  and  is  modified  according 
to  the  nature  of  the  fish.  They  are  entirely  destitute  of  voice. 
The  particular  kind  of  sound  or  chirp,  which  some  tribes  are 
observed  to  malce,  on  being  first  taken  out  of  the  water,  is 
entirely  owing  to  the  sudden  expulsion  of  air  from  their  inter- 
nal cavities.  The  greater  number  of  fishes  are  oviparous,  pro- 
ducing soft  eggs,  usually  known  by  the  name  of  spawn;  There 
have  been  200,000  ova  or  eggs  found  in  a  carp ;  in  a  perch, 
weighing  one  pound  two  ounces,  69,216 ;  in  a  carp  of  eighteen 
inches,  342,144 ;  in  a  sturgeon  of  one  hundred  and  sixty  pounds, 
there  was  the  enormous  number  of  1 ,467,500 ! ! !  The  age  of 
fish  is  determinable  by  the  number  of  concentric  circles  of  the 
▼ertebm  or  joints  of  the  back-bone.  In  the  Linnaean  arrange- 
ment of  fishes,  the  under  or  belly-fins  are  termed  ventral,  and 
are  considered  analogous  to  the  feet  in  quadrupeds ;  and  it  is 
from  the  presence  or  absence  of  the  fins,  that  the  divisions  are 
instituted. 

Far  as  creation's  ample  range  extends, 
The  scale  of  sensual,  mental  powers,  ascends : 
Mark,  how  it  monnts  to  man's  imperial  race, 
From  the  green  myriads  in  the  peopled  grass  : 
What  modes  of  sight  betwixt  each  wide  extreme. 
The  mole's  dim  cnrtain,  and  the  lynx's  beam : 
Of  smell,  the  headlong  lioness  between, 
And  hoond  sagacioas,  on  the  tainted  green  ; 
Of  hearing,  from  the  life  th«t  fills  the  flood. 
To  that  which  warbles  thro*  the  vernal  wood  ! 
The  spider's  touch,  bow  exqaisitiveljr  fine ! 
Feels  at  each  thread,  and  lives  along  the  line : 
In  the  nice  bee,  what  sense  so  subtly  true ! 
From  poisonous  herbs  extracts  the  healing  dew : 
How  instinct  varies  in  the  groveling  swine, 
Compar'd,  half- reasoning  elephant,  with  thine ! 
'Twixt  that,  and  reason,  what  a  nice  barrier ! 
For  ever  separate, — yet  for  ever  near ! 

The  fishes  are  divided  into  six  orders,  namely;  1.  Apodes: 
3.  Jujulares :  3.  Thoracici :  4.  Abdominales :  5.  Branchiostegi : 
6.  Chondropterygii. 

1.  ApodaJ  fish  have  bony  gills ;  and  no  ventral  fins,  as  the 
'^4L  2.  Jugular  fish  have  bony  gills ;  and  the  ventral  fins 
situated  directly  under  the  pectoral  fins,  as  the  cod,  haddock^ 
and  whiting,  3.  Thoracic  fish  have  bony  gills ;  and  the  ven- 
tral fins  situated  directly  under  the  pectoral  fins,  as  the  perch 
and  maekereL  4.  Abdominal  fish  have  bony  gills;  and  the 
ventral  fins  on  the  belly  behind  the  pectoral  fins,  as  the  salmon, 
herring,  and  carp,  5.  Branchiostegeous  fish  have  their  gills 
destitute  of  bony  rays,  as  the  sucker,  6.  Chrondropterygeous 
fish  have  cartilaginous  fins,  as  the  sturgeon,  shark,  and  skate. 

FISHING,  see  Angling.  With  respect  to  the  right  of  fish- 
ing, and  the  propertg  offish,  where  the  lord  of  the  manor  hath 
■land  on  both  siaes  of  a  river,  it  is  good  evidence  that  he  hath 
a  right  of  fishing ;  but  where  a  river  ebbs  and  flows,  and  is  an 
arm  of  the  sea,  then  it  is  common  to  all.  Thus  in  the  Severn, 
Sec.  the  soil  belongs  to  the  owners  of  the  land  on  each  side,  and 
the  soil  of  the  river  is  in  the  king,  but  the  fishing  is  common  to 
all.  He  who  is  owner  of  a  private  river,  or  pond,  hath  a 
property  in  the  fish ;  and  there  needs  no  privilege  to  make  a 
fishpond. 

FISSURES,  in  the  History  of  the  Earth,  are  certain  erup- 
tions that  horizontally  or  parallely  divide  the  several  strata  of 
which  the  body  of  the  terrestrial  globe  is  composed. 

FISTULA,  in  Surgery,  a  deep,  narrow,  and  callous  ulcer, 
generally  arising  from  abscesses,  chiefly  in  the  arms. 

FISTULA RI A,  pipe  fish,  a  genus  of  the  order  abdominales, 
grows  to  the  length  of  three  or  four  feet,  and  is  of  the  shape  of 
an  eel. 

FITTER,  in  Chemistry,  any  instrument  or  machine,  whose 
use  and  effect  with  regard  to  liquids  is  the  same  that  the  sieve 
or  scarce  has  in  dry  matters.  Water  is  freed  from  its  impuri- 
ties bybasins  of  porous  stone. 

FFTTING-OUT,  the  act  of  furnishing  a  ship  with  sufficient 
masts,  sails,  yards,  ammunition,  artillery,  cordage,  anchors, 
provisions,  stores,  and  men,  for  the  voyage  or  purpose  to  which 
she  is  appointed. 

FIXBD  Bodies,  generally  denote  those  bodies  which  neither 


fire  nor  any  corrosive  has  such  an  eflTeci  on,  as  to  redoocf  or 
resolve  them  into  their  component  elements,  or  absolutely  to 
destroy  them.  Of  fixed  bodies,  the  principal  are  gold,  platina, 
silver,  precious  stones,  particularly  the  diamond,  salts,  hue. 

FixBD  Ecliptic,  a  certain  imaginary  plane,  whidJi  never 
changes  its  position  in  the  heavens  from  the  action  of  any  of 
the  parts  of  the  solar  system  on  each  other;  but,  like  a  centre 
of  inertia,  remains  immoveably  fixed.  The  existence  of  such 
a  plane  is  demonstrated  by  Laplace,  who  has  shewn  the  me- 
thod of  determining  it  from  the  situations,  velocities,  masses, 
&c.  of  the  planets  and  other  bodies.    See  Zodiac. 

Fixed  Signs  of  the  Zodiac,  an  arbitrary  denomination  which 
some  astronomers  have  given  to  the  signs  Taurus,  Leo,  Scor- 
pio, and  Aquarius.  The  particular  corresponding  season  being 
supposed  most  fixed  when  the  sun  is  in  those  signs. 

Fix GD  <9<ar«,  are  those  which  constantly  maintain  the  same 
relative  position  with  regard  to  each  other,  in  contradistinction 
to  the  planets  and  comets  which  are  constantly  changing  their 
relative  positions.  iSi^eCoNSTELLATioN,  Hemisphere,  andSTAi. 

FIXITY,  or  Fixedness,  in  Philosophy,  the  quality  of  a 
body  which  denominates  and  renders  it  fixed ;  or  a  property 
which  enables  it  to  endure  fire,  and  other  violent  agents.  A 
body  may  be  said  to  be  fixed  in  two  respects;  viz.  i.  When, 
on  being  exposed  to  the  action  of  fire,  or  a  corrosive  men- 
struum, its  particles  are  indeed  separated,  and  the  body  ren- 
dered fluid,  but  without  being  resolved  into  its  first  elements: 
and,  2.  When  the  body  sustains  the  active  force  of  the  fire,  or 
menstruums,  whilst  its  integral  parts  are  not  carried  off  by 
fume.  Each  kind  of  fixity  is  the  result  of  a  strong  or  inti- 
mate cohesion  between  the  particles  of  the  body. 

FLAG,  a  certain  banner  by  which  an  admiral  is  distingnished 
at  sea  from  the  inferior  ships  of  his  squadron ;  also  the  ooloon 
by  which  one  nation  is  distinguished  from  another.  In  the 
British  navy,  flags  are  either  red,  white,  or  blue,  and  are  dis- 
played from  the  top  of  the  main-mast,  fore-mast,  or  misam- 
mast,  according  to  the  rank  of  the  admiral. 

The  first  flag  in  Great  Britain  is  the  royal  standard,  wbieh  is 
only  to  be  hoisted  when  the  king  or  queen  is  on  board  the 
vessel ;  the  second  is  that  of  the  anchor  of  hope,  which  cbartt- 
terizes  the  lord  high  admiral,  or  lords  commissioners  of  the 
admiralty ;  and  the  third  is  the  union  flag,  appropriated  to  the 
admiral  of  the  fleet,  who  is  the  first  oflBcer  under  the  lord  hi^h 
admiral.  The  navy-board,  custom-house,  &c.  have  each  tbor 
respective  flags. 

When  the  flag  is  displayed  at  the  main-top-gallant-mait- 
head,  the  officer  distinguished  thereby  is  known  to  be  u 
admiral;  when  from  the  fore-top-gallant-mast-head,  a  viee- 
admiral;  and  when  from  the  mizzen-top-gall ant- mast-head,  t 
rear-admiral ;  the  next  flag  after  the  union,  is  white  at  the 
main ;  and  the  last,  which  characterizes  an  admiral,  is  bloest 
the  same  mast-head.  For  a  vice-admiral  the  first  flag  is  red. 
the  second  white,  and  the  third  blue,  at  the  fore-top-gaUt^ 
mast-head.  The  same  order  is  observed  with  regarxl  to  resr- 
admirals,  whose  flags  are  displayed  at  the  mizzen-top-galltDt- 
mast-head  ;  the  lowest  flag  in  our  navy  is  accordingly  blue  it 
the  mizzen.  All  the  white  flags  have  a  red  St  George's  croii 
in  them,  in  order  the  more  readily  to  be  distinguished  from  the 
French  white  flag  with  a  white  cross. 

Besides  the  national  flag,  merchant  ships  frequently  bear 
lesser  on  the  mizzen-masts,  with  the  arms  of  the  city  where  the 
master  ordinarily  resides,  and  on  the  fore-mast  with  the  anus 
of  the  place  where  the  person  who  freights  them  lives. 

When  a  council  of  war  is  held  at  sea,  if  it  be  on  board  the 
admiral,  they  hang  a  flag  on  the  main-shrouds ;  if  in  the  irice- 
admiral,  in  the  fore-shrouds  ;  and  if  in  the  rear-admiral,  in  the 
mizzen-shrouds.  The  flags  borne  on  the  mizzen  are  particularly 
called  Gallants. 

To  heave  out  the  flag,  is  to  put  out  or  hang  abroad  the  flag. 
To  hang  out  the  white  flag,  is  to  call  for  quarter ;  or  it  shews 
when  a  vessel  arrives  on  a  coast  that  it  has  no  hostile  inten- 
tion, but  comes  to  trade,  or  the  like.  To  hang  oat  the  red  flag, 
is  to  give  a  signal  of  defiance  and  battle.  To  lower,  or  strike 
the  flag,  is  to  pull  it  down  upon  the  cap.  or  to  take  it  in,  out  of 
the  respect  or  submission  due  from  all  ships  or  fleets  Inferior 
to  those  any  way  justly  their  superiors.  To  l^wer  or  strike  the 
flag  in  an  engagement,  is  a  sign  of  yielding. 
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ty  to  lead  a  ship  in  triumph,  is  to  tie  the  flags  to  the  | 

or  the  gallery  in  the  hind  part  of  the  ship,  and  let  i 

ifC  down  towardu  the  water,  and  tow  the  ycsmcIs  by  the 

Liivy  relates  that  thia  was  tlie  way  the  Roinans  used 

Cnrth:i};c. 

Ofiivi  r,  a  term  8>  nonymous  to  admiral. 

Skip,  a  ship  in  which  an  admiral's  flafc  is  displayed. 

Siaff\  is  fcrncrally  a  continuation  of  the  top.gallant- 

[JVC  the  top.^allant  rifcfring^,  but  is  somrtinies,  espc- 

fi^uar(l.shi]).i,  a  spar,  ocrupyinj;  the  place  of  the  top- 

naNt.  and  !«  onl>  of  use  to  display  the  flafc  or  pendant ; 

s  a  continuation  of  the  tup-gallaut-mast,  it  is  frequently 

he  ro>  nl  mast. 

EOLKT,  a  little  flute,  used  chiefly  by  shepherds  and 

people. 

L.  an  instrument  for  thrashing  enrn,  that  rnnnists  of. 

ind-stafT,  whieh  the  lahourer  holtU  in  his  hand  :  *i.  ihe 

>r  that  part  \ihieh  strikes  the  euro;  3.  the  rnplins,  or 

thoni:s  that  hind  the  hand-stalf  and  swiple;  4.  the 
mnd.  heinj;  the  Kathcrn  thong, or  fish-skin,  that  ties  the 
logethrr. 

R,  is  a  phraic  at  sea:  when  a  ship  being  housed  in 
water  so  that  the  work  hang«  over  a  little  too  niueh, 
I  is  let  out  broader  aloft  than  the  due  proportion  will 
le  seamen  sav  thit  the  work  doth  tlair  over. 
IE,  a  sort  of  platform  made  of  hurdles,  used  for  drying 
in  NewfoumllHrnl ;  they  are  usually  placed  near  the 
f  fishimr-harliours.  Flake  signifies  also  a  small  staice 
er  a  ship's  side  to  eaulk  or  repair  any  breach.  We 
so  of  a  liake  of  snow.  Sfe  Snow. 
IBKAI',  a  large  taper,  made  of  hempen  wicks,  by 
melted  \i  a\  on  their  top.  and  letting  it  run  down  to  the 

Thi<  done,  they  lay  them  to  drv;  after  which  they  roll 

a  table,  and  join  four  of  them  together  by  means  of  a 

iron:  and  then  pour  on  more  wax  till  the  flambeau  is 

to  the  size  required.  Flambeaus  are  of  dill'erent 
and  made  eit^ter  of  white  or  yellow  wax.  Thev  serve 
ight  in  the  streets  at  night,  or  on  occasion  of  illumi- 

lE,  the  subtlest  and  brichtest  part  of  fuel,  ascending 
t  in  a  p\ramidal  or  conical  fuure,  and  has  been  con- 

b>  Ne*%t(»n  to  be  a  vapour  red-hot;  whieh,  however, 
I  be  but  an  imperfect  idea.  We  should  raiher  say,  , 
lie  is  an  inntanee  of  eonibustion,  whose  colour  will  be  I 
led  b\  ihr  dr^rre  of  decomposition  uhich  takes  place.  ' 

very  iiii|tt'r*«et,   lh«'  most  rerraii;;iMc  ray*  only  will 

if  v*r\  |)«  rt  el.  all  the  rays  will  appear,  and  the  llanie 
brilliant  in  prtiporhon  to  this  perfrciion.  There  are 
lowever.  whirh  ronsist  of  burning  particles,  whose  rays 
irtly  e>e;ipi-d    before    they   ascended    in   the   form   of 

sueh  would  be  the  flame  of  a  rcd*hot  coal,  if  exposed 

a  heat  as  would  gradually  disperse  it  into  vapour. 
he  fire  is  very  low  under  the  furnace  of  an  iron-foun- 

th«'  upper  orifice  of  the  chimney  a  red  flame  of  this 
ly  be  st-eii.  whirh  is  diflerent  from  the  flame  that  ap- 
amediau-ly  after  fresh  coals  ha\e  been  thrown  on  the 
',  in  ron.snpienee  of  adding  sueh  a  supply  to  the  burn- 
,  a  va^t  (Mdtinin  of  smoke  asiend.-i,  antl  forms  a  n«ediuni 

as  to  :ib>i>ib  most  of  the  rn>s  excepting  the  red. 

k||\i;0.      Sir  FjUJ  NUOl'THU'S. 

^ISTKMD.  a  celebrated  Eniilish  astnmomer,  and  the 
ronoinrr  ro\al.  was  born  at  Derby,  in  the  year  H>t<{. 
y  carlv  disroxeri'd  a  ereat  genius  and  taste  ftir  astru- 

s'lbjrets;  bavin::,  while  >et  a  youth,  computed  both 
lid  lunar  erlipses,  and  o«'eultations  of  the  moon  and 
lie  poHSi'«.<i(tl  more  zenl  and  application  in  the  pursuit 
itifir  knowli-d.:!'  ttian  the  first  astr«inonier  royal,  and 
•  any  man  cvrr  attained  a  biclirr  ri  spect  amonest  his 
lorarirs.     In   rioninon    liie   In*  was   fr«'t'    and   ea>y  of 

and  pltM^ed  with  the  eftnipany  of  tlio^^c  who.  with 
e  research,  eould  unite  thtir  slinK*  in  the  eonvi\ial 
irse  of  life.  Flamsterd's  ::reat  wi>ik  on  astronomy,  in 
fol.  comprises  a  e.italogue  of  t!ie  rii;ht  a^CL-nsions, 
istaoers,  loni^itudes,  ard  matcniludes  of  nearly  lUhiO 
%n.  The  preface  to  this  volume  contains  an  account 
t  astruoomical  observations  made  before  his  time,  mith 


a  description  of  the  iostrnmenti  employed,  and  mooh  other 
curious  and  highly  important  matter. 

FLANK,  in  the  >lanrcr.  the  sides  of  a  horse's  buttorlc  ;  or 
more  properly,  the  extremities  of  tbe  belly  where  the  ribs  are 
wanting.  In  a  well-made  horse  Ihe  flanks  are  full,  and  the 
distanee  short  lietwt>f*n  the  last  riband  the  haunch  bone,  which 
is  properly  the  Hank. 

Flank,  in  War,  the  side  of  a  battalion,  army,  &e.  in  eontra- 
disiinetitin  (o  fioni  and  rmr.  In  Fortific;«tion,  the  part  of  a 
bastion  which  reaches  from  the  curtain  to  the  face.  «S#r 
U\srioN. 

FLANNKF^.  a  woollen  stuff,  composed  of  a  woof  and  warp. 
and  wovcpi  after  the  mannei  (»f  baixe.  Various  theories  have 
been  adopted  lo  prove  the  utility  of  flannel  as  an  article  of 
dress;  it  is  unquestionably  a  bad  conductor  of  heat,  and  on 
that  account  verv  useful  in  cold  weather;  this  is  accounted  for 
from  the  structure  of  the  stuff;  the  fibres  touch  each  other  very 
slightly,  so  that  the  heat  moves  slowly  through  the  interstices, 
whieh  bcine  already  tilled  with  air.  give  little  assistance  in 
carr>inir  off  the  heat.  In  the  town  of  Rochdale,  and  the 
adjneent  villa:;es.  there  are  manufactured,  every  week,  of 
Hanni'ls  and  baizes,  about  *itMHK)  pieces,  of  40  yards  each, 
milking  47,H4tMNK)  yards  per  annum.  It  is  supposed  that 
l7,Htu,tMK>  yards  are  exported;  the  remaining  1)0  millions  of 
yards  are  consumed  in  the  I'nited  Kingdom,  being  an  avera|^ 
of  about  1|  yard  for  each  individual.  Some  good  flannels  aio 
nianufactured  in  Wales ;  a  few  coarse  ones  at  Keswick,  and 
some  other  towns  and  villages  in  the  kingdom.  A  few  are 
manufactured  on  the  Continent,  and  works  for  that  purpose 
are  now  erecting  in  America;  but  the  whole  of  the  flannels 
manufactured  on  the  globe,  l>esides  those  manufactured  in 
Rochdale  and  its  immediate  vicinity,  are  not  equal  in  quantity 
to  those  made  there.  The  price  of  flannels  is  from  6rf.  to  3«. 
per  yard  ;  and  the  average  may  be  stated  at  from  I3r/.  to  I4if. 
per  >ard  ;  so  that  the  annual  value  of  the  manufacture  mav  be 
stated  at  about  three  millions  sterling.  The  wool  costs  folly 
one-half  of  the  wholesale  sellinir  price ;  the  oil,  labour,  and 
fjnisbinii:,  &c.  constitute  nearly  the  other  half. 

FLAT,  a  level  ground  lying  at  a  small  depth  under  the  snr- 
face  of  the  sea;  otherwise  called  a  Suoal,  or  Shallow. 

To  Flat  in,  the  aetion  of  drawing  in  the  aftmost  clue  of  a 
sail  towards  the  middle  of  a  ship,  to  give  the  sail  the  greater 
power  of  turning  the  vessel;  thus,  if  the  mixsen  or  after  sails 
are  flatted  in,  it  is  evident  that  the  intention  is  to  carry  the 
stern  to  leeward,  and  turn  the  head  nearer  to  the  wind ;  and  if 
the  head-sails  are  flatted  in,  the  intention  is  accordingly  to 
make  the  ship  fall  off.  when,  by  design  or  :-ccident,  she  has 
conic  so  near  the  wind  as  to  make  the  sails  shiver;  hence— 

Flat  injoruttd,  is  the  order  to  draw  in  the  jib  and  foff»- 
top-mast  stay -sail  sheets  towards  the  middle  of  the  ship;  this 
operation  is  seldom  necessary,  except  in  light  breezes  of  wind, 
when  the  hclin  has  nut  suflicient  government  of  the  ship. 

Flat,  in  Music,  a  character,  which  before  a  note  sfgiri6es 
that  the  note  is  to  he  sung  or  played  half  a  tone  lower  than  ita 
natural  pitch.  A  double  flat  is  a  character  compounded  of 
two  flats,  signifying  that  the  note  l»efore  which  it  is  |daced  is  to 
be  sung  or  played  two  semitones  lower  than  its  natural  pitch. 

FLAX  Dacsfiis'ci,  has  for  many  ages  been  performed  in 
slow  and  laborious  operations,  by  means  of  a  mallet,  a  break, 
Ne.  which  have  been  used  for  preparing  the  flax  for  the  heckle. 
The  break  and  scutcher,  common  in  Ireland  and  Scotland, 
are  inferior  to  the  maehinery  of  mills,  among  the  chief  of 
which  is  the  follow ine,  to  be  found  in  **  Gray's  Millwright." 

Fl%x  iIIi//.  (See  Plate.  sMiUs.)  A  A,  the  great  water-wheel 
fixed  upon  its  shaft,  and  containing  4t)  aws  or  float-boards,  to 
receive  the  water  which  communicates  motion  to  the  whole 
machinery.  IS  li,  a  wheel  fastened  up^m  the  same  axle,  hav- 
ing, as  before  mentioned,  \VrZ  cos*,  to  drive  the  wheel  C  of  96 
teeth,  which  is  fixed  u|M)n  the  middle  roller.  No.  I.  The  thick 
part  of  this  roller  is  fluted,  or  rather  has  teeth  all  round  its 
circumference.  These  teeth  are  of  an  angular  form,  being 
broad  at  their  base,  and  thinner  towards  their  outward  exlre- 
iiiitic's,  which  are  a  little  rounded,  to  prevent  them  from  eattini; 
t!ie  flax  at  it  passes  throuch  betwi&t  the  rollers.  The  other 
two  ndlers,  Non.  2  and  .*),  have  teeth  in  them  of  the  same  form 
and  size  as  those  in  the  middle  roller,  whose  teeth,  by  taking 
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iDto  those  of  these  two  rollers,  tarn  them  both  roaad.  The 
roui^h  flax  is  made  up  into  small  parcels,  which  being  intro- 
duced betwixt  the  middle  and  upper  rollers,  pass  round  the 
■liddle  one ;  and  this  either  having  rollers  placed  on  its  off- 
aide,  or  being  enclosed  bj  a  carved  board  that  turns  the  flax 
oat  betwixt  the  middle  and  under  rollers,  when  it  is  again  put 
in  betwixt  the  middle  and  upper  one,  round  the  same  course, 
until  it  be  sufficiently  broken  or  softened,  and  prepared  for  the 
scutching  machine.  The  bearer  in  which  the  gudgeon  of  the 
roller  No.  1  turns,  is  fixed  in  the  frame  at  C ;  and  the  gudgeons 
of  the  rollers  Nos.  2  and  3  torn  in  sliders  that  move  up  or 
down  in  grooves  in  the  frames  S  S.  The  under  roller  is  kept 
ap  to  the  middle  one  by  the  weights  D  D,  suspended  by  two 
Topes  going  over  two  sheaves  in  the  frame  S  S  ;  their  other 
ends  being  fastened  to  a  transverse  bearer  below  the  sliders  in 
which  the  gudg€K>ns  of  the  roller  No.  3  turn.  The  weights  D  D 
mast  be  considerably  heavier  than  the  under  roller  and  sliders, 
in  order  that  its  teeth  may  be  pressed  in  betwixt  the  teeth  of 
No.  1,  to  bruise  the  flax  when  passing  between  the  rollers. 
The  whole  weight  of  the  roller  No.  2  presses  on  the  flax  which 
passes  between  it  and  No.  1.  There  is  also  a  box  fixed  on  the 
apper  edge  of  its  two  sliders  to  contain  a  parcel  of  stones,  or 
lumps  of  any  heavy  metal,  so  that  more  or  less  weight  can  be 
added  to  the  roller,  as  is  found  necessary.  O  O,  is  the  large 
frame  that  supports  one  end  of  the  shaft  which  carries  the  two 
wheels  A,  B,  and  vertical  axle  F  F;  on  the  lower  end  of  which 
is  fixed  the  pinion  turned  by  the  wheel  B,  and  having  10  teeth. 
la  the  axle  F,  are  arms  upon  which  the  scutchers  are  fostened 
with  screwed  bolts.  These  scutchers  are  enclosed  in  the  cylin- 
drical box  E  £,  having  in  its  curved  surface  holes  or  porches 
at  which  the  handfuls  of  flax  are  held  In,  that  they  may  be 
eleaned  by  the  revolving  scutchers.  H  H,  the  fall  or  course 
of  the  water.  T  T,  the  sluice,  machine,  and  handle,  for  raising 
the  sluice  to  let  the  water  on  the  great  wheel.  The  gudgeons 
4»f  the  axles  should  all  turn  in  cods  or  bashes  of  brass.  KK, 
the  side  walls  of  the  mill  house.  6  6,  doors.  L  L,  windows. 
R  K,  the  roof. 

FLEAM,  in  Surgery  and  Farriery,  on  instraoient  for  letting 
a  horse  or  other  animal  blood. 

FLEECY  Hosiery,  a  useful  manafactore,  in  which  fine 
fleeces  of  wool  are  interwoven  into  a  cotton  piece  of  the  com- 
mon stocking  texture,  for  making  stockings,  socks,  waistcoats, 
oad  other  clothing,  for  persons  afflicted  with  complaints  requir- 
ing warmth,  and  for  common  use  in  cold  climates. 

FLEET,  a  general  name  given  to  the  British  navy ;  it  also 
tieMOtes  any  number  of  ships,  whether  designed  for  war  or 
ecmimerce,  keeping  company  together.  The  admirals  of  his 
majesty's  fleet  are  classed  into  three  squadrons,  viz,  the  red, 
white,  and  bine.  When  any  of  these  officers  arc  invested  with 
the  command  of  a  squadron  or  detachment  of  ships  of  war,  the 
particular  ships  are  distinguished  by  the  colours  of  their 
respective  squadron :  that  is  to  say,  the  ships  of  the  red  squa- 
dron wear  an  ensign  whose  union  is  displayed  on  a  red  field ; 
the  ensigns  of  the  white  squadron  have  a  white  field,  and 
those  of  the  blue  squadron  a  blae  field ;  the  union  being 
e<mimon  to  all  three.  The  ships  of  war,  therefore,  are  ooca- 
ajonally  annexed  to  any  of  the  three  squadrons,  or  shifted 
from  one  to  another. 

Of  whatsoever  number  a  fleet  of  ships  of  war  is  coDiposed,  it 
is  usually  divided  into  three  squadrons ;  and  these,  if  nume- 
Toas,  are  again  separated  into  divisions.  The  admiral,  or 
principal  officer,  commands  the  centre;  the  vice-admiral,  or 
second  in  command,  superintends  the  van-guard  ;  and  the  ope- 
rations of  the  rear  are  directed  by  the  rear-admiral,  or  the 
officer  next  in  rank.    See  the  article  Division. 

The  disposition  of  a  fleet  while  proceeding  on  a  Toyage  will, 
in  some  measure,  depend  on  particular  circumstances ;  as  the 
difficulty  of  navigation ;  the  necessity  of  despatch,  according  to 
the  urgency  or  importance  of  the  expedition ;  or  the  expec- 
tation of  an  enemy  in  the  passage.  The  most  convenient  order 
is  probably  to  range  it  into  three  lines  or  columns,  each  of 
which  is  parallel  to  a  line  close  hauled,  according  to  the  tack 
on  which  the  line  of  battle  is  designed  to  be  formed.  This 
arrangement  is  more  ased  than  any,  because  it  contains  the 
advantages  of  every  other  form  without  their  inconveniences. 
The  fleet  being  thas  more  enclesed  will  more  readily  ok^serve 


the  sigiwls,  and  with  greater  foeiKty  form  itself  into  the  Koe  ol 
battle;  a  cireamstance  which  should  he  observed  in  every 
order  of  sailing.    See  the  article  Emoagembnt. 

llerchant.fleets  generally  take  their  denomioatioa  from  die 
place  they  are  bound  to,  as  the  West  India  fleet,  the  Bast  India 
fleet,  &c.  These  in  times  of  peace  go  in  fleets  for  their  mntaal 
protection  and  assistance :  in  times  of  war,  besides  this  seco- 
rity,  they  likewise  procure  convoys  of  ships  of  war,  either  to 
escort  them  to  the  places  whither  they  are  bonnd,  or  oaly  a 
part  of  the  way,  to  a  certain  point  or  latitude,  bejood  winch 
they  are  judged  out  of  danger  of  privateers,  Sto. 

FLEETING,  the  act  of  changing  the  aitoatioa  of  a  tackle 
when  the  blocks  are  drawn  together;  also  of  changiog  the 
position  of  the  dead-eyes,  when  the  shrouds  are  boMMoe  too 
long,  which  is  done  by  shortening  the  shrouds  and  taming  in 
the  dead-eye  again  higher  up ;  the  use  of  fleeting  is  oooordingly 
to  replace  Uie  mechanical  powers  in  a  state  of  M)tion«  the  foroe 
by  which  they  operated  being  destroyed  by  the  meeting  of  lbs 
blocks  or  dead-eyes.  Fleeting,  therefore,  is  nearij  oiaular  la 
the  winding  up  of  a  watch  or  clock. 

FLESH,  in  Anatomy,  a  fibrous  part  of  an  animal  body,  soft 
and  bloody,  being  that  of  which  most  of  the  other  parts  are 
composed,  and  by  which  they  are  connected  together ;  or,mofe 
properly,  it  is  that  part  of  the  body  where  the  blood-ireaseb 
are  so  small  as  only  to  retain  blood  enough  to  preserre  thrir 
colour  red. 

FLESHER,  in  Scotland,  is  a  butcher;  and  in  Glasgow  ioi 
some  other  places,  there  are  eerporaiione  ofjUekere. 

FLEXIBLE,  is  the  property  or  quality  of  a  body  Hmt  may 
be  bent. 

FLEXURE,  or  Flexion,  is  the  bending  of  a  line  or  figore. 

FLINT.  This  mineral  consisU  of  06  silica,  0*60  lime,  0« 
alumina,  0*25  oxide  of  iron,  and  1*0  loss.  Its  principal  use  Is 
fot  gun-flints,  and  it  is  also  reduced  to  a  powder,  and  ated  ia 
the  manufacture  of  porcelain  and  glass.  The  manafoelaro  if 
gun-flints  is  exceedingly  simple,  and  a  good  workman  wffl 
make  1000  flints  a  day.  The  whole  art  consists  in  striking  the 
stone  repeatedly  with  a  kind  of  mallet,  and  bringing  off  at  cash 
stroke  a  splinter  sharp  at  one  end,  and  thicker  at  the  othsr. 
The  splinters  are  afterwards  shaped  at  pleasure,  by  laying  ^ 
line  at  which  it  is  wished  they  should  break,  upon  a  shup 
instrument,  and  then  giving  it  small  blows  with  a  mallet. 

FLOAT,  a  raft  or  quantity  of  timber  fastened  together,  to  k 
driven  along  a  river  by  the  tide  or  current. 

FLOAT  Boards,  those  boards  which  are  fixed  to  the  rim«#r 
circumference,  of  undershot  water  wheels,  serving  to  reocifs 
the  impulse  of  the  stream,  and  by  which  means  the  mill  \m  pit 
into  motion. 

FLOATING  Bodies,  are  those  which  swim  on  tiM  saffiM 
of  a  fluid,  the  stability,  equilibrium,  and  other  cireaMitiOHOi 
of  which  form  an  interestiiig  subject  of  mechanical  and  hydro- 
statical  investigation,  particularly  as  applied  to  the  oooilns* 
tton  and  management  of  ships  and  other  vessels.  The  eqott- 
brium  of  floating  bodies  is  of  two  kinds,  etxr.  stable  or  ahsolals» 
and  unstable  or  tottering.  In  the  one  case,  if  theeqaiKhiimi 
be  ever  so  little  deranged,  the  bodies  which  compose  the  sy ilMi 
only  oscillate  about  their  primitive  p  sition,  and  the  eqoiliidai 
is  then  said  to  be  firm,  or  stable.  And  this  stability  is  eJMMHit^ 
it  takes  place,  whatever  be  the  nature  of  the  oscillations ;  bath 
is  relative^  if  it  only  takes  place  in  oscillations  of  a  eeftaii 
description.  In  the  other  state  of  equilibrium,  if  the  eystesibo 
ever  so  little  deranged,  all  bodies  deviate  more  and  more,  aid 
the  system,  instead  of  any  tendency  to  establish  itself  io  Hi 
primitive  position,  is  overset,  and  assumes  a  new  positioi, 
entirely  different  from  the  former;  and  this  is  called  a  iwUentig, 
or  wutahle,  equilibrium. 

We  may  form  a  just  conception  of  these  two  states,  by  la^ 
posing  an  ellipse  placed  vertically  on  an  horinontal  plane ;tf 
the  ellipse  is  in  equilibrium  on  its  smaller  axis,  it  is  evident  ^t 
upon  a  slight  derangement,  it  will  tend  to  regain  its  original  pa» 
tion,  after  several  small  oscillations,  which  will  soon  be  terai- 
nated  by  the  friction  and  resistance  of  the  air ;  but  if  theelKpss 
be  placed  in  equilibrium  on  its  greater  axis,  if  once  it  deviatn 
from  this  position,  it  will  continue  to  deviate  more  and  men, 
till  it  finally  turns  itself  on  its  lesser  axis.  In  Hm  above 
example,  there  is  this  remarkable  circomstoooe ;  Ibe  foorfoii- 
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Imo*  of  r*]ni1ibtinm  of  1li«  ellipse,  on  the  extremitic*  nf  iti  twn 
axe*,  are  Kltcrnatrly  utable  and  unMable ;  and  (his  take*  place 
id  eier;  case.  For.  suppose  two  poiitionaof  stable  rijuilibriam 
to  take  place  in  anj  body,  aod  surh  that  there  doe*  not  exist 
between  lliero  ntij  posilinn  nf  the  name  kind,  if  the  hndjr  be 
placed  in  one  nf  ihrie  posiiiona,  and  I*  made  to  deviate  from 
ll,  and  to  apprnauh  (he  other,  according  as  this  devialion  ■■ 
yrealrror  Irim,  (hr  bodi  will  either  return  toilsoriidnBl  slate,  or 
« ill  arrive  at  the  nther  position.  There  •ill  eviilenity,  thereture. 
be  Bome  in(ernieilia(r  poHilion.  in  which  the  body  will  neilhur  trnd 
toward*  one  or  ihr  other  of  (lie  former,  but  will  remain  at  rett: 
bal  thia  itateof  rqiiilibrinm  will  be  unstable,  since,  if  Ibe  body  be 
BWde  to  deflate  rver  so  little  towards  one  of  Ihcniher  positions, 
it  will  necessarili  arrive  at  it.  Hence,  it  appears,  tbatifahod* 
tarninic  round  a  fixed  axis  pasiies  Ihroupb  several  pnsitious  of 
c^nilibrium,  thej  will  be  alternately  stable  and  unntable. 

Tbe  Mabilil;  uf  a  Hoatinf  tiody  is  the  ireater  as  it*  crnlrr  nf 
fraiityis  lower  than  that  of  the'displaced  fluid,  or  as  the  div 
tMwe  between  these  centres  is  increased  ;  it  is  for  this  reason, 
that  ballast  is  put  in  (he  lower  part  of  vessels  to  prevent  them 
from  beinic  overseL  The  nature  of  the  Ffjuilibriiim.  as  to 
■lability,  depends  on  the  politico  nf  a  certain  point,  called  the 
ttmirr  ofprtmrt ;  which  icrro  was  hrst  adopted  by  Boujcuer,  in 
in  his  "  Traite  du  Navire."— When  the  centre  of  pressure  is 
■l>o*e  that  of  fcravily,  the  equilibrium  is  stable :  when  it  is  lower 
than  the  centre  oficravily,  tbecquitibriuo)  istoitcrinic;  when  this 
emtre  coincides  with  the  centre  of  {gravity,  the  body  will  rcEiisin 
aires!  whereverit  is  placed,  without  any  tendency  10  oaciUation. 

Laplace  )tives  the  following  rule  for  delerniinin)t  whether  ibe 
force  which  lolicil*  the  system,  (eodt  (u  restore  it  to  the  same 
■late  apcain  when  deranscd  from  it*  primitive  position,  which 
ia  as  follow* : — If  through  Ibe  centre  of  )[ra*ity  of  the  seciion 
of  the  surface  of  the  water  on  which  a  body  tloals.  we  coii- 
ceivo  a  faoriiontal  axis  to  pass,  such  that  the  sum  of  the  pro- 
daoU  of  every  Henent  of  the  seriton,  multiplied  by  the  s<|iiare 
of  iU  diatance  frooi  thia  Bxia  be  In*  than  any  olher  h.>riiODlal 
axis  drawn  thiuufth  the  same  centre,  the  equilibrium  will  be 
■table  in  every  dirertion :  wbeo  this  sum  surpasses  (he  prodnct 
of  the  volume  of  the  displaced  iluid,  by  the  h('iKh(of  the  ccnireof 
fravity  of  the  body  above  the  centre  nf  (cravity  in  this  volume. 

This  rule  ia  principally  useful  in  the  construction  of  vevselt 
which  require  suSclent  stability  to  enable  them  to  resist  the 
eVecIa  nf  storms,  which  (cod  to  subnicrite  them.  In  a  ship,  the 
axis  drawn  from  the  stern  (o  the  prow,  is  that  relative  to  which 
the  aun  above  menlinnrd  is  a  minimum ;  it  is  easy  thrrefoie  to 
ascertain  and  measare  its  stability  by  the  prrredioK  rule. 

In  nrder  that  a  floalioft  hnity  may  remain  in  equilibrlo, 
il  is  also  necessary  that  its  centre  of  uravily  be  in  the  same 
vertical  line  with  the  centre  of  iravily  nf  ihr  displaced  fluid, 
otherwise  the  weiicht  of  the  snlid  will  not  be  completely  coon- 
tcracled  by  the  pressure  of  the  displaced  Ruld.  When  the  lower 
■nrfiieeof  a  tloatinjc  body  is  spherical  or  cylindricsl.  the  centre 
■■■t  coincide  with  ihe  centre  of  the  ti|cure.  since  the  height 
«f  this  point,  as  well  as  the  form  of  the  portion  nf  (he  fluid  dis- 
placed, muai  remain  invariable  in  all  circumstances.  Tbeplace 
•f  the  centre  is  determined  by  Ihe  doclrinc  of  force*  combined 
with  the  elementary  principles  of  hydrostatics,  by  considnrinK 
tbefoimaodex(cnt  of  the  surface  of  Ihe  displaced  portion  of  the 
fwid,  coMpBied  with  ita  balk  and  with  the  situation  nf  its  centre 
of  irravity.  If  a  reclaniculBT  beam  be  floatinic  on  its  surface,  the 
bet^it  of  the  centre  of  pressure  above  the  centre  of  gravity 
win  b«  to  the  breadth  of  (he  beam,  a*  the  brradlh  is  to  twelve 
Itasaa  the  depth  of  the  part  immersed.  Hence,  if  the  beam  be 
aqoare  il  will  float  securely,  when  either  the  part  immersed,  nr 
tbe  part  above  tbe  surface,  is  less  than  tfcof  <he  whole,  but  | 
wbcs  it  is  lea*  unequally  divided  by  the  surface  of  the  fluid,  it  j 
will  overset.  If  however  the  breadth  be  so  iocreased  as  lo  be  | 
■early  one-four Ih  icreater  than  the  depth,  it  will  posies*  a  certain 
decreoof  Btabihty,  whatever  its  density  may  be.     Aire  Icxatav.   | 

Flostiko  tfrtaiiratrr.  This  marine  contrivanco  may  cob. 
nat  «f  a  scries  of  square  frames  of  timber,  connected  by  noor- 
iaf  cbains,  or  cab;**  B((acbed  to  anchors,  or  hitkcks  of  marbl«, 
TW  frane-work  may  be  made  of  lofs  of  Quebec  yellow 
pime.  from  30  to  SO  feet  Ions,  and  from  Itt  to  30  inches  Bqaare, 
baited  tOKcthei  very  firmly,  and  ioereaaed  in  hei|[ht  aa  the 
astMiioa  my  be  boiaienMu,  U  oidor  to  broak  tbe  violeMC  of     let  tbe  poll 
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the  apfitated  waves,  and  allow  the  veasela  riding  within  theie 
quadrantEular  basins  more  safety  and  protection.  Surh  krrak- 
raitrt  are  admirably  adapted  tu  liatbinic- places  aod  swimminc 
stations,  since  ihey  will  Rlwa)s  produse  smooth  water  aod 
pro leci  the  machines.  Indeed,  the  Editor  would  recummeiid 
the  cstBhlishment  olrfoada^  irra  tiraier  liaths  at  bathinfc-placea 
on  the  sea-cnast.  iJioe  niieht  be  so  framed  with  leticalBtcd 
fencinjc  for  their  fides  and  bottom*,  or  with  actual  net-work, 
as  to  afford  pcifrcl  safely  axainst  dtownii^,  even  lo  penoni 
who  could  not  swim.     >S>r  Swihhino. 

FLOOD,  the  flux  of  (be  tide, or  tbe  time  Ihe  water  contiauea 
risina  ;  called  a  youn|t  flood,  qunrtcr-fluod,  half  flood,  high  lh>od. 
FLOOKIMi,  amoiijc  Miorrs,  a  term  used  to  express  a  peca- 
liarity  in  llie  load  of  a  mine.  The  load,  or  quantity  of  ore,  is 
frequently  intcreepied  by  the crossin|[ o(  a  diflerenl  substance; 
in  which  case  the  load  is  moved  to  one  side,  and  thia  transient 
part  nf  ihe  land  is  called  a  Bookinf. 

FLOOK  or  a  Room,  is  best  m«de  of  fcood  Beasoned  deal, 
from  4  lo  7  ini-be*  bruad,  and  of  as  Kieat  lenicth*  as  possible, 
frnm  13  to  IH  feet.  Floors  may  be  laid  either  olouj/lttd  or 
HoolrH ;  when  plouxbed.  the  feather  may  be  worn  lorouKh,  asd 
(hen  the  floor  looks  wretched,  beside*  the  icreaier  quantity  of 
nails  thai  fraiherrd  floorinK  requires,  render  il  less  dealrable 
than  dooled  floorinpc.  in  which  ibrre  is  neither  groove  aor 
feB(her.  and  hut  vrrj  few  nail* ;  but  then  tbie  last  admiu  tbe 
dust  much  more  than  Ihe  olher. 

Flooh,  the  bottom  of  a  abtp,  or  all  (bat  part  oa  each  aide  of 
tbe  keel  which  approache*  nearer  to  an  huriaontal  than  a  per- 
pendicular situation,  and  whereon  she  rests  when  agrouod  ; 
thus  we  say.  a  sharp  floor,  a  flat  floor,  a  lunjc  floor,  Itc. 

Floor  7 'inin-r,  are  those  parts  of  (he  ship's  limber*  which  are 
placed  immediately  acroa*  (he  keel,  and  upon  which  (he  bnttom 
of  (he  ship  is  framed  ;  to  these  (he  upper  pnr(s  of  tbe  timbera 
are  onitnf.  Iieinp  '>nly  a  continuation  of  floor-timl>Grs  upwards. 
PLOKIN.  is  (umetlmes  used  for  a  coin,  and  immeiiineB  for  a 
Dioney  of  accouul.  The  florin  coin  ia  of  different  valnes.  The 
gold  (iorins  ate  ninsi  of  thrm  of  a  coarse  alluy,  aome  of  them 
nut  rxceedlns  thirleen  or  fourleen  rarats,  and  nnne  oF  them 
seventeen  and  a  half.  Aa  to  silver  florins,  those  of  Holland 
are  worth  ahout  U.  KiJ. 

FLOS,  in  IThcnHsiry,  the  most  sobiite  parts  of  bodies,  sepa- 
rated from  Ihe  mure  Kruxs  purls  by  snlilimstiuo,  in  a  dry  form. 
FLUTSAM.  Jktsan  and  Ltcs>,  In  Law.  Flotsam  is  whea 
a  ship  is  sank  or  esat  away,  and  the  goods  Dual  on  tbe  sea: 
jetsam  is  when  a  ship  is  in  danger  of  being  sunk,  and  tu  lighten 
the  ship  Ihe  goods  are  thrown  oveiboard.  and  the  ship  notwith- 
standing perishes;  and  lagan  is  when  the  goods  so  east  into 
tbe  sea  are  so  heavt  that  they  sink  to  the  bottom,  and  ihere- 
foie  tbe  niariners  fasten  to  them  a  buoy  or  cork,  or  such  other 
thing  that  will  not  sink,  to  enable  them  to  find  Ibem  again. 

FLOL  K  Mill*,  are  put  in  motion   by  wind,  water,  steam, 
be.     Wr  have  before  os  "the  Sicel  Corn  Mill,"  which,  from 
■la  being    portable,  is  of  great  usf  in  armies,  nn  shipboard, 
and  even  in  prttalc  families.     Externally,  this  mill  wears  the 
(he  annexed  figure.     I(  is  said,  (his  mill 
quality  of  iiocncsl  with  the  first-rale 
water  or  wind  mills;  aud   by  tbe 
simple  addition  of  a  couple  of  ex- 
tra grinding  plate*,  to  shift  as  oc- 
casion may  require,  this  mill  be- 
comes Bi  once  a  general  grindiaK 
mill  lor  grain,  rice,  coHrr.  lie.     B 
is    a   sirung  hoard,  on   which  the 
work    is  fixed.     ItE,  a  winch  to 
turn   the  mill.     A,   Ihe  box   that 
cavers     (he     internal    machinery. 
C,  the  hopper:  and  Ibe  eagravlDii 
of  the  "  pMtnl  I'artmhU  CVra  MUl," 
on  the  Plate  Mitlt,  is  a  section  of 
this  machine,  aa  yoa  look  dowa 
■poo  it  when  the  lid  is  removed. 
Turegulatetbemillllfl,thepolc3onloriberalchetwbeel3.tbea 
move  the  regrulaior  I  to  the  righl,  if  yon  wish  the  mill  set  fine, 
'     grinding  floor,  lie. ;  or  to  Ibe  left,  lo  set  it  coarecr.  *t 
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which  the  plates  will  be  kept  in  the  position  yoa  wish.  To  ease 
the  friction  of  the  spindle,  and  make  the  mill  work  easy,  it  is 
necessary  to  apply  oil  frequently  to  the  points  marked  4.  If  a 
•mall  stone,  or  other  hard  substance,  should  get  between  the 
plates  and  check  the  working  of  the  mill,  it  can  be  instantly 
relieved  by  turning  the  regulator  to  the  left,  by  which  means  it 
will  drop  out.  To  clean  the  mill  before  using  it  for  flour,  run 
a  few  handsful  of  common  grain  through  the  plates  two  or 
three  times,  which  will  remove  any  dirt  that  may  settle  between 
them.  Care  should  be  taken  not  to  set  the  mill  too  tight,  as  it 
not  only  makes  it  work  hard,  but  wears  the  face  of  the  plates 
unnecessarily,  and  in  some  measure  destroys  the  vegetable 
quality  of  the  wheat.  There  is  a  key  to  take  the  mill  to  pieces 
if  required,  or  put  it  together,  to  perform  which  no  instructions 
are  necessary. 

The  whole  apparatus  is  contained  in  a  neat  iron  case,  mea- 
suring only  13  inches  by  8,  and  lU  inches  deep.  The  movements 
are  rendered  simple  and  effectual,  and  the  mill  is  so  easy  to 
work,  that  a  stout  boy  will  be  able  to  grind  as  much  flour  in 
two  or  three  hours  as  a  family  of  six  or  eight  people  will 
consnme  in  a  week;  and  it  is  calculated,  that  a  very  few 
persons  can  grind  and  dress  sufficient  to  meet  the  consumption 
of  a  regiment  of  one  thousand  men.  The  London  Portable 
Mill  Company,  in  Cheapside,  do  not  claim  the  merit  of  the 
original  invention,  but  of  bringing  the  French  Military  Mill  to 
perfection,  for  general,  public,  and  domestic  uses,  by  facili- 
tating its  operations,  and  by  otherwise  improving  it  to  an 
extraordinary  degree. 

We  shall  describe  a  flour  mill  of  the  most  common  sort,  as 
follows.  (See  Plate,  MiUi.)  A  B  is  the  water  wheel,  which  is 
generally  from  eighteen  to  twenty-four  feet  in  diameter, 
reckoned  from  the  uttermost  edge  of  any  float-board  at  A,  to 
that  of  the  opposite  one  at  B.  The  wheel  is  fixed  upon  a  very 
strong  axis,  or  shaft  C,  one  end  of  which  rests  on  D,  and  the 
other  on  E,  within  the  mill-house.  On  this  shaft,  or  axis,  and 
within  the  mill-house,  is  a  wheel  F,  about  8  or  9  feet  in 
diameter,  having  cogs  all  round,  which  work  in  the  upright 
staves,  or  ronn(U  of  a  trundle  6.  This  trundle  is  fixed  upon  a 
strong  iron  axis,  called  the  spindle,  the  lower  end  of  which 
turns  in  a  brass  foot,  fixed  at  H,  in  a  horizontal  beam  H  M, 
called  the  bridge-tree ;  and  the  upper  and  of  the  spindle  turns 
In  a  wooden  bash  fixed  into  the  nether  millstone,  which  lies 
upon  beams  in  the  floor  I.  The  top  of  the  spindle  above  the 
bosh  is  aquare,  and  goes  into  a  square  hole  in  a  strong  iron 
cross,  called  the  rynd  ;  under  which,  and  close  to  the  bush,  is 
a  round  piece  of  tfatek  leather  upon  the  spindle,  which  it  turns 
round  at  the  same  time  as  it  does  the  rynd.  The  rynd  is  let 
into  grooves  in  the  under  surface  of  the  running  millstone  K, 
and  so  turns  it  round  in  the  same  time  that  the  trundle  6  is 
turned  round  by  the  cog-^heel  F.  This  stone  has  a  large  hole 
qilite  through  its  middle,  called  the  eye  of  the  stone,  through 
which  the  middle  part  of  the  rynd  and  upper  end  of  the  spindle 
nay  be  seen,  whilst  the  four  ends  of  the  rynd  lie  below  the 
stone  in  their  grooves.  One  end  of  the  bridge-tree  which  sup- 
ports the  spindle,  rests  upon  the  wall,  whilst  the  other  is  let 
into  a  beam,  called  the  brayer,  L  M.  The  brayer  rests  in  a 
mortise  at  L,  and  the  other  end  M,  hangs  by  a  strong  iron  rod 
N,  which  goes  through  the  floor  I,  and  has  a  screw-nut  on  its 
top  at  O ;  by  the  turning  of  which  nut,  the  end  M  of  the  brayer 
is  raised  or  depressed  at  pleasure,  and  consequently  the  bridge- 
tree  and  the  upper  millstone.  By  Una  means,  the  upper  mill- 
stone may  be  set  as  close  to  the  under  one,  or  raised  as  high 
from  it,  as  is  convenient. 

The  corn  will  be  ground  fine  or  coarse,  according  to  the 
distance  of  the  millstones  from  each  other.  On  the  top  of  the 
box  which  eneloses  the  millstone,  stands  a  frame  for  holding 
the  hopper  P,  to  which  is  hung  the  shoe  Q,  by  two  lines 
fastened  to  the  hinder  part  of  it,  fixed  upon  hooks  in  the  hopper, 
and  by  one  end  of  the  string  R  fastened  to  the  fore  part  of  it, 
the  other  end  being  twisted  round  the  pin  S.  As  the  pin  is 
turned  one  way,  the  string,  draws  op  the  shoe  closer  to  the  hop- 
per, and  so  lessens  the  aperture  between  them  ;  and  as  the  pin 
is  turned  the  other  way  it  lets  down  the  shoe,  and  enlarges  the 
aperture.  If  the  shoe  be  drawn  up  quite  to  the  hopper,  no  corn 
•an  fall  from  the  hopper  into  the  mill ;  if  it  be  let  down  a  little, 
■ome  will  fidi;  and  the  qoaatity  will  be  more  or  less,  according 


as  the  shoe  is  more  or  less  let  down ;  for  the  hopper  is  open  tt 
bottom,  and  there  is  a  hole  in  the  bottom  of  the  shoe,  not  directly 
undei  the  bottom  of  the  hopper,  but  nearer  the  lowest  end  of 
the  shoe,  over  the  middle  eye  of  the  millstone.  There  is  a 
square  hole  in  the  top  of  the  spindle,  in  which  i^  put  the  feeder 
F ;  this  feeder,  as  the  spindle  turns  round,  joj^s  the  ^boe  three 
times  in  each  revolution,  and  so  causes  the  corn  to  run  coo- 
stantly  down  from  the  hopper  through  the  shoe  into  the  eye  of 
the  millstone,  where  it  falls  upon  the  top  of  the  rynd,  and  is, 
by  the  motion  of  the  rynd,  and  the  leather  under  it,  thrown 
below  the  upper  stone,  and  ground  between  it  and  the  lower 
one.  The  violent  motion  of  the  stone  creates  a  centrifugal 
force  in  the  corn  going  round  with  it,  by  which  means  it  gets 
farther  and  farther  from  the  centre,  as  in  a  spiral,  in  every 
revolution,  until  it  he  quite  thrown  out ;  and  being  then  ground, 
it  falls  through  a  spout,  called  the  mill-eye,  into  a  trough. 

When  too  much  corn  is  let  into  the  mill,  or  when  the  mill  is 
fed  too  fast,  the  corn  bears  up  the  stone,  and  is  ground  too 
coarse;  and  besides,  it  clogs  the  mill,  so  as  to  make  it  go  too 
slow.  When  the  mill  is  too  slowly  fed  it  goes  too  fast,  and  tbo 
stones,  by  their  attrition,  are  apt  to  strike  fire.  Both  which 
inconveniences  are  avoided  by  turning  the  pin  S  backward  or 
forward,  which  draws  up  or  lets  down  the  shoe,  and  thus  regu- 
lates the  feeding,  as  is  found  convenient;  the  greater  the 
quantity  of  water  that  falls  upon  the  wheel,  and  the  heavier  the 
running  millstone  is,  the  faster  will  the  mill  bear  to  be  fed,  and 
consequently  it  will  grind  the  more.  And  on  the  contrary,  the 
lighter  the  stone,  and  the  less  the  quantity  of  water,  so  muck 
slower  must  the  feeding  be.  But  when  the  stone  is  considerably 
worn,  and  become  light,  the  mill  must  be  fed  slowly  at  any 
rate ;  otherwise  the  stone  will  be  too  much  borne  op  by  the 
corn  under  it,  which  will  make  the  meal  coarse.  The  power 
sufficient  to  turn  a  he^vy  millstone,  is  but  very  little  more  than 
what  is  necessary  to  turn  a  light  one ;  for  as  it  is  supported 
upon  the  spindle  by  the  bridge-tree,  and  the  end  of  the  spindle 
that  turns  in  the  brass  foot  therein  being  but  small,  the  difler- 
ence  arising  from  the  weight  is  but  very  inconsiderable  in  its 
action  against  the  power  or  force  of  the  water. 

It  is  natural  the  corn  should  be  crushed  when  it  comes  to  a 
place  where  the  interval  between  the  two  millstones  is  less 
than  its  thickness,  yet  the  upper  millstone  being  supported  on 
a  point  which  it  can  never  quit,  it  does  not  so  clearly  appesr 
why  it  should  produce  a  greater  effect  when  it  is  heavy,  than 
when  it  is  light ;  since,  if  it  were  equally  distant  from  the 
nether  millstone,  it  could  only  be  capable  of  a  limited  impres- 
sion :  but  as  experience  proves  that  this  is  really  the  case,  it  ii 
necessary  to  discover  the  cause.    The  spindle  of  the  millstone 
being  supported  by  a  horizontal  piece  of  timber,  about  nine  or 
ten  feet  long,  resting  only  on  both  its  ends,  by  the  elasticity  of 
this  piece,  the  upper  millstone  is  allowed  a  vertical  motion, 
playing  up  and  down  ;  by  which  movement,  the  heavier  the 
stones  are,  the  more  strongly  is  the  corn  pressed  between  theni. 
Both  the  upper  and  under  millstones  have  channels  cut  into 
them,  {tee  figs.  1^2,  page  319,)  obliquely  from  the  centre  to  the 
oircamference,  in  order  to  cut  and  grind  the  corn.    These 
furrows  are  cut  perpendicularly  on  one  side,  and  obliquely  on 
the  other,  which  gives  each  furrow  a  sharp  edge;  and  in  the 
two  stones  they  come,  as  it  were,  against  one  another,  like  the 
edges  of  a  pair  of  scissars,  and  so  cut  the  corn  to  make  it  grind 
the  easier,  when  it  falls  upon  the  places  between  the  furrows. 
These  are  cut  the  same  way  in  both  stones,  when  they  lie  upoa 
their  backs,  which  makes  them  run  erossways  to  each  atber 
when  the  upper  stone  is  inverted,  by  turning  its  farrowed 
surface  towards  that  of  the  lower ;  for  if  the  furrows  of  both 
stones  lay  the  same  way,  a  great  deal  of  the  corn  would  bt 
driven  onward  in  the  lower  furrows,  and  so  come  out  from 
between  the  stones,  without  being  cut  or  bruised.    Also  the 
grinding  surface  of  the  under  stone  is  a  little  convex  frooithe 
edge  to  the  centre,  and  that  of  the  upper  stone  a  little  eoneave, 
so  that  they  are  farthest  from  one  another  in  the  middle,  and 
approaching  gra<lually  nearer  towards  the  edges.    By  tins 
means  the  com,  at  its  first  entrance  between  the  stones,  is  only 
bruised ;  but  as  it  goes  farther  on  towards  the  circomfereBet 
or  edge,  it  Is  cut  smaller  and  smaller,  and  at  last  finely  grooad, 
just  before  it  comes  out  from  between  them.    When  Uie  te- 
rowa  beoome  blunt  or  shallow  by  wearing,  the  mnniiif  stoM 
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(■OKI  be  liken  np,  mnd  both  ttonn  new  drcal  with  chiiel  and 
haininer;  auil  evvrj  time  the  stone  l*  taken  up.  there  mnat  be 
Bome  tallDW  put  round  the  ipindle  upon  the  bush,  wbtch  will 
aoon  be  melted  by  the  heat  the  (piodle  acquire!  from  it*  lurn- 
iBg  and  rabbinjc  aicainat  the  bufb,  and  to  will  icet  io  betwixt 
th^in,  otherwise  the  buih  wonid  take  life  verj  toon. 

The  biinh  ninit  embrace  the  ipindle  quite  close,  to  prevent 
■Bjr  shake  in  the  motion,  which  would  mako  some  parti  or  the 
■tones  graie  and  lire  acaintt  each  other,  whilst  the  other  parts 
«ClhMI  would  be  too  far  ainnder,  and  bjr  that  means  spoil  the 
■Mai.  Wheoever  the  sptodle  wears  the  bush,  so  as  to  hei^a 
to  shake  In  it,  the  stone  iudsI  be  taken  up.  and  a  chisel  driven 
lato  fcveral  partA  of  the  bosh:  and  when  It  in  taken  out, 
wooden  wed|[es  must  be  forced  into  the  holes,  b;  which  means 
the  bosh  will  be  mnde  to  embrace  the  spindle  sttain.  close  all 
rOBud.  Id  doinfr  this,  ^eat  care  most  be  taken  tu  drive  equal 
vedgea  into  the  bush  on  opposite  sides  of  the  spindle,  nlher- 
wiae  It  will  be  thrown  out  of  the  perpendicular,  and  so  hinder 
Ihe  up^r  stone  from  beinic  set  pamllel  to  the  under  one.  which 
is  atnolutely  nece*f>arj  for  niakinfc  k'>*x1  work.  When  an; 
Occident  of  ibis  kind  happens,  the  perpendicular  position  of 
tbc  ipiadle  must  he  restored  by  adjustinK  the  bridge-lrce  with 
proper  wedges  between  the  braver  and  it. 

Il  frequently  occurs,  that  the  r^nd  is  a  little  wrenched  in 
layinic  down  the  upper  stone  upon  it.  or  is  made  to  !iink  a  little 
lower  on  one  side  of  the  spindle  than  on  the  other,  and  this 
will  cause  one  edito  of  the  upper  alone  to  dra^  sll  rnun<l  upon 
tkc  other,  while  the  opposite  ed)ce  will  not  touch.  Bill  this  i* 
euil;  set  lo  ripchts.  by  raiainfc  the  stone  a  little  "ilh  a  lever. 
and  pnttiDj  bits  of  paper,  cards,  or  thin  chips,  betaccn  the 
ijtiA  and  the  stone. 

A  leis  quantity  of  water  will  (nrn  an  overshot  mill  (where 
tbe  wheel  has  buckets  instead  of  float-boards)  than  ■  breast- 
mill,  where  the  fall  of  water  seldom  exceeds  half  the  heijchl  of 
Ibe  whrrl;  So  that  where  there  isbut  a  small  quantity  of  water, 
asd  a  fall  irrcai  enough  for  the  whrel  to  lie  under  il,  the  bucket. 
or  overshot  whrel.  is  always  used  :  bot  where  there  is  a  lar^e 
body  of  »  aler  with  a  little  fall,  the  breast,  or  Onnt-board  wheel, 
■intt  bo  used.  Where  the  water  runs  only  upon  a  small  decli- 
vity, it  can  act  but  slowly  upon  the  under  (lart  of  ihe  wheel ; 
in  which  case.  Ihe  motion  of  Ihe  wheel  will  be  slow,  and  there- 
fore the  Boats  ouftht  to  be  very  lonn,  thoush  not  hiph.  that  a 
Inrxe  body  of  water  may  act  upon  them,  sn  that  what  is  wanl- 
iB|t  in  Telocity  may  be  made  up  in  power:  nnd  then  the  eofc- 
wheel  may  have  a  pn^ater  number  of  cors.  in  proportion  to  the 
roooda  in  the  trundle,  in  order  to  give  Ihe  milUlune  a  sufficient 
d«|[ree  of  velocity. 

Il  was  Ihe  opinion  of  Smeiion,  that  the  powers  necessary  to 
pvodoce  Ihe  same  effect  on  an  undershot  wheel,  a  breast- 
wheel,  and  an  overahot  wheel,  must  be  to  each  other  aa  Ihe 
■ambers  2-4.  l'7&.  and  I.  For  the  float-board  of  a  river  mill  It 
iapclled,  ool  by  the  velocity  of  Ihe  stream,  but  only  bv  Ihe  es- 
cesaof  this  above  Ihe  velocity  of  Ihe  board  ilself.  In  the  under- 
•hot  wheel  ■  freat  loss  of  power  is  oceaiinned  by  the  arrnmo- 
lation  of  dead  anier.  or  of  Ihe  water  which  havinfr  impinged 
•ItaiHt  the  float-board,  remains  nearly  staKoant,  and  therefore 
uipedes  the  advance  of  the  next  flnal-bosrd. 

In  the  Plate  of. Villi,  we  have  ici>en  a  section  of  a  DOITDLB 
FLOUR  MILL,  of  which  A  A  is  the  water  wheel :  B  B  the 
■heft  or  aile ;  C  C  a  wheel  flsrd  upon  Ihc  same  axle,  rnnlain- 
tafCBO  Irelb,  or  cnis.  to  drive  the  pinion;  No.  I  having  33 
•Mth,  which  is  fastened  upon  Ihe  vertical  shaft  I).  No.  2.  a 
whoellxed  opon  the  shaft  I>.  cootaininii;  M  teeth,  to  turn  Ihe 
two  pJBJooe  F,  F.  havinfc  15  teeth,  which  sre  fastened  upon  the 
iraa  main  or  apindles  that  carry  the  two  upper  millstones. 
BS.  the  bcavor  sill  that  aupporta  the  frame  on  which  Ihe 
r  arillstonei  are  laid.  0  0,  the  cases  or  boxes  that 
0  tbe  npper  millatones  ;  they  should  be  about  Imto  inches 
Ihwoihe  stone  all  round  its  circumference.  TT.  the 
■.ealled  tridgtM,  upon  which  the  under  end  of  Ihe  iron 
mtmOmm  nra.  These  spindles  pass  upward  throavh  a  hole  in 
IM  ■Mdleof  tbe  nelher  millstones,  in  whirh  is  fixed  a  wooden 
buh  thai  their  npper  ends  turn  in.  The  lop  part  of  the 
■piaAea  above  each  wooden  bush,  is  made  square,  and  itoes 
iMo  ■  a^aue  bole  in  an  iron  eross,  mhich  is  admitted  into 
(!«•*•>  IS  the  Middle  ud  osder  anrlkce  of  the  epper  mUi- 
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alone.  By  this  means  that  stone  is  carried  round  alongc  with 
the  Irandirs  FF.  when  turned  by  Ihe  wheel  No.  3.  One  end 
of  the  bridges  TT,  ia  put  into  mortises  in  fixed  bearers,  and 
Ihe  other  end  into  mortises  in  the  bearers  that  move  at  ooe 
end  on  iron  bolts.  Ihi'ir  other  ends  hanging  by  iron  rods  having 
•Brewed  aula,  aa  U  U,  su  that  when  turned  forward  or  back- 
ward, they  raise  or  depress  tbe  upper  millstones,  according  aa 
the  miller  Aids  it  necessary.  8  S.  the  feeders,  in  Uie  under 
end  of  each  of  which  is  a  auuate  socket  that  goes  upon  the 
square  of  the  rpindles  above  the  iron  cross  or  ryod,  and  havin^r 
three  or  four  branches  that  move  Ihe  spout  or  shoe,  and  feed 
Ihe  wheat  constantly  from  tbe  hoppers  into  the  hole  or  eje  of 
the  upper  millstone,  where  il  is  iutrodnced  betwixt  the  alunea, 
and  by  Ihe  circular  motion  of  the  upper  stone  acquires  a  cenuri- 
fuj(al  force ;  and  proceeding  gradually  from  Ihe  eye  of  Ihe  mill- 
stone  towards  the  cirenmrcrcnce.  is  at  length  thrown  out  in 
flour  or  meal.  K  R,  the  sluice,  machine,  and  handle,  to  raise 
Ihe  sluice,  and  let  the  waler  on  Ihe  wheel  A  to  drive  it  round. 
No.  3  is  a  wheel  fixed  upon  the  shaft  U.  conlaioin);  44  leelh, 
to  turn  the  pinion  No.  4,  having  IS  leelh.  which  is  fastened 
upon  Ihe  hoiixiintsl  axle  H.  Uo  this  axle  is  also  fixed  Ihe 
barrel  K.  on  which  go  the  Iwo  leather  belts  Ihil  turn  Ihe  wire 
eniiine  and  bolting  mill.  L,  an  iron  spindle,  in  the  under  end 
of  which  is  a  square  socket  that  (akea  in  a  square  on  the  lop 
of  ihe  gudgeon  of  tbe  vertical  ahafl  U.  There  is  a  pinion  M, 
of  t>  teeth,  fixed  on  the  upper  end  of  the  spindle  L.  tu  lure  tbe 
wheel  M  M.  having  M  teeth,  which  Is  fastened  upon  Ihe  axle 
round  which  the  rope  ZZ  rolls,  lo  carry  the  sacks  offlonr  Dp 
lo  Ihe  cooling  benches.  By  pulling  the  cord  O  O  a  little,  the 
wheel  M  M  and  iia  axle  sre  put  into  motion,  in  consequence  of 
thai  wheel  and  its  axle  being  moved  hurixontally,  until  the 
leelh  of  the  wheel  are  brongbl  into  contact  with  those  of  the 
pinion  at  Ihe  top  ot  Ihe  spindle  L;  and  on  the  contrary,  by 
pulling  Ihe  cord  P  P,  the  wheel  M  and  its  axle  are  moved  in 
tbe  opposite  horiaonlal  direction,  till  they  are  thrown  out  of 
geer  with  Ihe  pinion,  and  Ihe  r>italorv  motion  of  Ibat  wheel 
stops.  But  when  the  aaek  of  flour  is  raised  up  to  the  lever  Q, 
it  pushes  up  that  end  of  the  lever,  and  of  roiirsc  Ihe  other  end 
down  ;  by  which  means  the  pinion  M  is  disengaged,  and  thus 
that  part  of  tbe  machine  stops  of  iUetf.  N  N  arc  Iwo  large 
hoppers,  into  which  the  clean  wheal  i*  p>it  to  lie  conveyed 
down  to  the  hoppers  SS.  placed  on  Ihe  frame  iintnediairlj 
above  the  millstones.  W  W.  Ihe  side  wall  of  the  millbouse. 
V.  the  couples  ur  ftame  of  Ihe  roof.  X  X,  windows  tu  lighten 
the  house. 

L'NDV.a-MlLL'TOVF,.— fij.   1. 

Ihrunder  grinding  millstone: 
the  way  of  lating  out  the 
roads  or  channel*:  ihe  wood- 
en liuah  flxrd  into  Ihe  bole 
in  iia  middle,  in  whii'h  the 
upper  end  uf  the  iron  spindle 
lunis  round;  and  llic  case 
it.d  the 
igbt  10  be 

grinriing 


/yXllfsS? •"■  "PP-""•^  ""-ich  ough 

•VT   lllvOC—  t«o  inches  ekar of  Ihi 

"    illfiVVC^    -"  Kic.2.  i»theupperg. 

^-    'iliiO>^  -■  millslone,  wilb  an  iro, 


its  middle:  in  Ihe 
centre  of  Hliirh  is  a  square 
hose  thai  lakes  in  a  square 
on  Ihc  lop  of  the  iron  spin- 
dle. In  carry  round  the  mill< 
atone.  When  the  working 
sides  or  faces  of  the  mill- 
stones are  laid  uppermost, 
Ihe  roads  (or  channels)  maat 
lie  in  llie  same  direction  in 
liolh  ;  so  thai  when  the  np- 
stone  is  turned  over,  hnd 
surface  laid  upon  tbe 
under  ooe,  then  the  channels 
may  cross  each  other.  wUefa 
aaaUts  in  I  rinding  and  throw- 


^  r; 
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iitf  out  Ihc  Hour ;  the  (harp  eigtt  of  the  two  furrows  then  cot- 
tJni;  against  each  other  like  sciHors.  The  Toada  are  likewise 
laid  out  accordiiiic  to  the  waj  the  upper  iitene  revolves.  Id 
those  repreHented  in  the  figures  Ihe  ruDeinK  millstone  ii  sup' 
poied  to  t>irD  '  lun-viai/.'  or  ai  in  what  is  cnlled  a  righl-liandtd 
mill ;  but  if  the  slone  revoKea  tlie  oilier  nay.  the  channels  must 
be  reversed,  and  Ihen  ihe  mill  is  termed  a  Irfihnnded  one. 

When  Ihc  diameter  of  the  upper  atoDe  is  about  6  feel,  as  is 
generally  the  case,  the  lower  is  aliout  an  inch  more ;  the  upper 
stooe  theo  cotitsios  about  22i  cubic  feel,  and  weifihs  rather 
more  Ihan  19.000  pounds.  A  sione  of  Ihis  kind  ouRht  never  lo 
revolve  more  than  60  or  70  limes  io  n  minute;  for  a  more 
rapid  molioii  would  heat  Ihe  meal.  Nor  must  the  water  wheel 
be  loo  larjce,  for  in  thai  case  its  anenlnr  molion  will  be  loo 
alow;  on  the  contrary,  if  the  wheel  be  loo  small,  it  will  be 
deOcieiit  in  moving  power;  18  feet  diameter  is  recomnieoded 
as  a  proper  medium.  Ferpuson.  on  the  supposition  thai  the 
floats  of  Ihe  wheel  aughl  to  move  with  a  third  part  of  the 
velocity  of  the  water— a  suppooiiion.  however,  not  strictly  con- 
aiateni either wilh theory, orwith  Smealon's  experiments— (cives 
the  following  rules  for  oonslruciin);  the  chief  parts  of  the  mill. 

1.  Measure  the  perpendicular  height  of  the  fall  of  water  in 
feet  above  that  part  of  the  wheel  on  which  the  water  bcKins  to 
act,  and  call  that  the  height  of  the  fall.  3.  Multiply  this  con. 
atant  number  64-2882  (or  rather  mi)  by  the  height  of  the  fall  in 
feet,  and  extract  the  square  root  of  the  product,  which  will  be 
.the  velocity  of  the  water  at  the  bottom  of  the  fall,  or  the  num- 
ber of  feel  the  water  moves  per  second.  3.  Divide  the 
veloeilj  of  the  water  by  3.  and  the  quotient  will  be  the 
velocity  of  the  lloats  of  the  wheel  in  feet  per  Rccond.  4. 
Divide  the  circumference  of  the  wheel  in  feet,  by  the  velocity 
of  its  lloals,  and  the  quotient  will  be  Ihe  number  of  second's 
in  one  turn  or  revolution  of  the  great  water  wheel,  on  the  axis 
of  which  is  fiied  the  cog  wheel  that  turns  the  trundle.  5. 
Divide  60  by  ilie  number  of  seconds  in  one  turn  of  the  water 
wheel  or  cog-wheel,  and  the  quolient  will  be  the  number  of 
lurns  of  either  of  these  wheels  in  a  minute.  6.  Divide  60  (the 
number  of  turns  the  millstone  ought  to  have  in  a  minute)  by 
Ihe  abovesaid  number  of  lurns.  and  the  quotient  will  be  the 
number  of  turns  the  niillatone  ought  lo  have  for  one  turn  of  the 
water  or  cog  wheel.  Then.  7.  As  Ihe  required  nomher  of  turns 
of  the  millstone  in  a  minute  is  lo  the  number  of  turns  of  the 
cog  wheel  in  a  minute,  so  must  ihe  number  of  cogs  in  the 
wheel  be  to  the  number  of  staves  or  rounds  in  the  trundle  on 
the  axis  of  the  millstone,  in  the  nearest  whole  number  that  can 
be  found.— By  these  rules  Ihe  following  table  is  calculated,  in 
which  the  diamcterof  the  water  wheel  is  supposed  18  feet,  and 
consequently  its  circumference  56^. 

Trb  Hillwhight'i  Table. 
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Feowick's  experiments  on  some  of  the  best  mill 

forgTiad- 

irative  of  the   ciTect  of  a  gi? en  quantity  of  water,  in  a  given 

time,  applied  to  an  ovenhat  water  wheel  of  a  given  aise.    The 

millstones  were  from  4i  to  5  feet  diameter,  and  made  fron  90 

to  lUO  rcvolnlions  per  miuuie.     And  the  result  was.  that  the 

a  velocity  of  190  feet  a  minute,  would  grind   one  boll   of  good 

rye  in  anhonr;  but  to  avoid  imperfections,  it  is  taken,  for  prac- 

tice, at  300  lbs.   raised  with   a  velocity  of  210  feet  per  nuaate 

(being  one-tenth  more) ;  and  for  grinding  2.  3,  4.  or  S,  bolls  of 

rje  per  hour,  requires  a  power  —  300  lbs.  raised  with  the  vclocitj 

The  difference  of  the  power  requisite  to  grind  equal  qnanli- 
lies  of  wheat  from  thai  for   rye,  is  very  trifling.     The  boll  i> 

four  bushels  Winchester  measure  ;  two  boll*  are  therefore  one 

(luaiter.      The  power  necessary  to  raise  a  weight  of  300lbi. 

avoirdnpoise.  wilh  a  velocity  of  390  feet  per  minute,  will  pro- 

perly prepare  one  ton  of  old  rope  per  weeic,  for  the  purpose  of 

making  paper  ;  and  for  grinding  down  in  like  manner  two  lou 

of  the  same  material  in  a  week,  we  should  want  a  power  able  lo 

raise  300  lbs.  with   a  velocity  of  626  feet  in  a  minute,  to  work 

the  mill  12  hours  daily. 

Tables,  ih^idm  ike  Quantity  of  Waitr  (Ah  Mtanrt)  rtgrnUitt 
to  grind  difftrtnl  guamitUi  of  Com.  from  1  to  5  BoOt  (  Wn- 

thufr  Meaturt)  per  hour,  appliid  lo  mtriliot  Wattr-Wludi, 

Ikt  common  Sttam-EHginr  to  do  (A*  miiu  tcork. 

The  water-wbeel  10  feet  diam. 

The  water-wheel.  16  feet  dian- 
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The  water-wheel,  12  feet  diam. 

The  waler-wheel.  IBfeet  diam. 
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The  water-wheel,  14  feet  diam. 

The  water-wheel,  20  feet  diaas. 
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The  water-wheel.  *22  feet  diam.  (i  The  water-wheel,  28  feet  diam. 


Bol1«   per 
iMior. 

\\  aler, 

fvliona  per 

oiiaute. 

Cjflinder,   in 
iochea.      ! 

BoUa    per 
boar. 
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gallon*  per 

minute. 

Cjltoder.  is 
incbea. 
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The  waU 

»r- wheel,  24 

feet  diam. 

The  water-wheel.  30  feet  diam. 

BoHa   per 
ho«r. 

Water, 

gmllona  per 

annate. 

Cjlioder.    in 
iocbea. 

Bolla   per 
boor. 

Water, 

gallons  per 

roinote. 

Cjrfinder,  io 
incbea. 

I 

327 

12-6 

1 

267 

12-6 

1| 

430 

14-6 

u 

366 

14*6 

2 

646 

1076 

2 

447 

16^76 

24 

C571 

18  6 

21 

646 

18  6 

3 

788 

20-2 

3 

646 

20-2 

31 

J)2<) 

21-76 

31 

7.60 

21-76 

4 

1066 

2:)-26 

4 

868 

23-26 

41 

1204 

24-76 

41 

983 

24-76 

5 
The  watc 

1360 

26-26 

6 

1106 

26-26 
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feet  diam. 
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A  Rule  io  mmke  the  foregoing  TMe  tpplicMe  to  MilU  intended 
tm  be  tyrned  hg  undtrthot  or  breutt  Wnter-wkeelt,—Tht  power 
required  oq  an  undershot  water-wheel,  to  produce  an  effect 
equal  to  that  of  an  overshot,  (to  which  the  tables  are  applicable,) 
is  as  2'4  to  1 ;  and  also  the  power  required  on  a  breast  water- 
wbeel,  which  receiver  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to  pro- 
duce an  equal  effect  with  an  overshot  water-wheel,  is  as  1*76 
to  I. 

Table,  skewing  the  neeessmrg  Size  of  the  Cylinder  of  n  eommon 
Siemm- Engine  to  grind  different  quantities  of  Cam,  from  1  to 
12  Bolls  (AtoAS  Bushels,  Winchester  Measure )  per  hour. 


•C  Cora 

•4 


l>iamc-ter  of  t}i« 
in    li.rhcA. 


1  . 

n. 

2  . 
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3  . 
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4  .. 
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7  .... 
74.... 

8  .... 
84.... 

9 
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10  .... 
101.... 

11    


Cylinder 

la     iDCbM. 


29-8 

31-1 

32 

33-3 

34-2 

36-2 

38 

37-3 

38 

111 38-86 

12  39-6 


.  Tbia  taMe  will  be  applicable  to  aaj  improvod  atMun-eofiaa,  as  wall 
attko  CMMBoa  Iua4.  if  tht  rati*  ofltetr  aAoaeaas  is  fcaowa. 


The  Application  of  the  foreiroinK  Tables.  Example  \.  If  a 
stream  of  water,  producing  808  gallons,  ale  measure,  per 
minute,  can  be  applied  on  an  overshot  water-wheel  20  feet 
diameter,  what  quantity  of  corn  will  it  be  able  to  grind  per 
hour?— Look  in  the  tables  under  a  20  feet  water-wheel,  and 
opposite  808  gallons  will  be  found  21  bolls  of  com  ground  per 
hour. 

2.  If  a  stream  of  water,  producing  806  gallons,  ale  measure, 
per  minute,  can  be  applied  to  an  underxbot  waternheel  20  feet 
diameter,  what  quantity  of  corn  can  it  grind  per  hour?— It  is 
found  by  the  tables,  that  if  applied  on  an  overshot  water- 
wheel  20  feet  diameter,  the  stream  will  grind  24  bolls  per  hour; 
and  from  the  rule  preceding  the  last  table,  the  poHcr  required 
by  the  undcrj^hot  to  that  of  the  overshot  water-wheel,  to  pro- 
duce an  equal  effect,  being  as  2*4  to  1,  therefore,  as  2*4  :  1  :  : 
2  6  :  rOI  bolls  of  corn  ground  per  hour  by  means  of  the  stream. 

3.  If  a  stream  of  water,  producing  808  gallons,  ale  measure* 
per  minute,  can  be  applied  on  a  breast  water-wheel  20  feet 
diameter,  what  ouantity  of  com  can  it  grind  per  hour!— It  is 
found  by  the  tables,  that  if  applied  on  an  overshot  water  wheel 
of  equal  site,  21  bolls  of  corn  will  be  ground  per  hour ;  and 
from  the  rule  above,  the  power  of  a  breast  water-wheel  to  that 
of  an  overshot  water-wheel,  to  produce  an  equal  effect,  is  as 
1*76  to  1.  therefore,  as  1*76  :  1  :  :  2-6  :  142  bolls  of  com 
ground  per  hour  by  the  stream. 

4.  Of  what  diameter  must  the  cylinder  of  a  common  steam- 
engine  be  made,  to  fc^nd  10  bolls  of  corn  per  hour  ? — By  look- 
ing in  the  foregoing  table,  opposite  10  bolls  ground  per  hour, 
the  diameter  of  the  steam  cylinder  will  be  found  to  be  86  inches. 

FLOWER,  Flos,  the  most  beautiful  part  of  trees  and  plantt, 
containing  the  organs  or  parts  of  fructification.  The  method 
of  preserving  (lowers  in  their  natural  beauty  ha^  been  much 
sought  aAer.  The  following  method  does  well :— Gather  the 
flowers  when  they  are  not  thoroughly  open,  in  the  middle  of  a 
dry  day,  put  them  into  a  glased  earthen  vessel :  fill  this  to  the 
top  with  them,  and  when  full,  sprinkle  them  over  with  some 
French  wine,  with  a  little  salt  in  it ;  then  set  them  by  In  a 
cellar,  tying  down  the  mouth  of  the  pot.  After  this  they  may 
be  taken  out  at  pleasure ;  and  on  setting  them  in  the  sun,  or 
within  the  reach  of  the  fire,  they  will  open  as  if  growing  natu- 
rally ;  and  not  only  the  colour,  but  the  odour  also,  will  be 
preserved.    Most  persons  can  try  and  verify  this  experiment. 

Flower  de  Lis,  or  Flower  de  Luce,  in  Heraldry,  a  beariag 
representing  the  lily,  called  the  queen  of  flowers,  and  the  trim 
hieroglyphic  of  majesty. 

FLOWING,  the  position  of  the  sheets  or  lower  corners  ef 
the  principal  sails  when  they  are  loosened  to  the  wind,  so  af 
to  receive  it  more  nearly  perpendicular  than  when  they  are 
close  hauled,  although  more  obliquely  than  when  going  before 
the  wind ;  a  ship  is  therefore  said  to  have  a  flowing  sheet,  whea 
the  wind  crosses  the  line  of  her  course  nearly  at  right  angles, 
that  is  to  say,  a  ship  steering  due  north  with  the  wind  at  the 
east,  or  directly  on  her  side,  will  have  a  flowing  sheet;  whereas 
4f  the  sheets  were  extended  close  aft,  she  would  sail  two  points 
nearer  the  wind.  rt7.  N.N.  E. 

FLU  ATS.  in  Chemistry,  salts  first  disrovered  by  Scheele, 
and  distinguished  by  the  following  properties.  When  sulpho- 
ricacid  is  poured  upon  them  they  emit  acnd  vapouts  of  fiuorle 
acid,  which  corrode  glass.  When  heated,  several  of  them 
phosphoresce.  They  are  not  decomposed  by  beat,  nor  altered 
by  combustibles.  They  combine  with  silica  by  means  of  heat. 
Most  of  them  are  sparingly  soluble  In  water. 

FLUENT,  in  Fluxions,  the  flowing  quantity,  or  that  whiek 
is  continually  increasing  or  decreasing. 

FLUID,  or  Fluid  Body,  is  that  whose  parts  yield  to  tbt 
smallest  force  impressed  upon  them,  and  which  by  >ielding  aro 
easily  moved  amongst  each  other  ;  in  this  sense  a  fluid  stands 
opposed  to  a  solid,  whose  parts  do  not  >ield,  but  constantly 
maintain  the  same  relative  situation.  The  fluidity  of  bo<lies  Is 
accounted  for  by  supposing  them  made  up  of  infinitely  small 
particles,  possessing,  with  regard  to  each  other,  an  attrae- 
tivc  and  repulsive  power,  which  being  equal,  places  the  wholo 
system  in  equilibrium,  whereby  it  obeys  any  external  foree 
impressed  upon  it.  This  hypothesis  evidently  places  the  aeve*' 
ral  particles  of  a  fluid  at  small  distances  from  each  other*  mad 
ooBteooently  rappotfet  tJUm  to  be  poroot,  or  to  poetees  oortals' 
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Tacnilies,  the  existeace  of  nhicb  may  be  demoDstrsted  rrom 
Tariou  I  experiments.  Thus,  water  will  dissolve  a  certain  quan- 
titj  of  lalt ;  after  vhich  it  will  abgorb  a  little  sugar,  and  afler 
that  a  little  alom  i  and  all  this  wjthoat  iacreasiog  its  bulk: 
whicb  eTJdently  sbewi,  that  the  particles  of  these  solids  are  so 
far  separated  as  to  become  smaller  thaa  the  vacoilies,  or 
interstices,  between  the  particles  of  the  Said  or  water. 

Fluids  are  dJTJded  into  Slaitie  and  Non-tla*tic.  ElaHic 
Fluids,  are  those  which  ma;  be  compressed  into  a  smaller 
compass,  but  which,  on  removing  the  pressure,  resume  acain 
their  former  dinieosions ;  as  air,  and  the  various  gases.  Non- 
tlvtie  Fluids,  are  those  which  occupy  the  same  bulk  under  al) 
pressures,  or,  if  they  be  at  all  compressible,  it  is  in  a  very 
trilllntc  degree  ;  saeh  as  water  and  other  liquids. 

FLUOR.  This  spar  maybe  divided  Into  three  species,  com- 
pact, foliated,  and  earthy.  The  second  species  is  mast  abun- 
dant,  and  is  nsually  called  io  England,  Derbyshire  spar. 
Berzelius  foand  its  constituents  to  be  72*1  lime,  and  279 
fluoric  acid.  It  is  cut  into  a  varletj'  of  omamenta]  forms. 
When  two  pieces  are  mbbed  togetber  in  the  dark,  lliey  phns- 
pboresce  with  a  blue  and  tcreen  light.  Sulpbutic  acid  evolves 
floario  fumes  which  corrode  glass. 

FLUORIC  Acid,  is  fouud  in  combination  with  calcareous 
earth,  io  Derbyshire  spar.  If  the  pnre  spar  be  placed  in  a 
retort  of  lead  or  silver,  with  a  receiver  of  the  same  metal 
adapted,  and  its  weight  of  snipharic  acid  be  then  poured  apon 
it,  the  fluoric  acid  will  be  disengaged  with  a  moderate  heat. 
This  acid  readidly  combines  with  water, for  which  purpose  it  is 
necessary  that  the  receiver  should  be  previously  half  filled  with 
that  fluid.  This  acid  attacks  glass,  and  corrodes  il;  and  it  has 
been  employed  in  etching  figures  on  glass:  the  whole  glacis 
must  he  cohered  with  a  thin  coaling  of  wax.  in  which  the  fiRure 
is  to  be  traced,  so  as  to  leave  bare  the  parts  intended  to  be 
acted  upon.    This  acid  consists  of  oxygen,  and  its  base  fluor. 

FLUORINE,  in  Chemistry,  a  substance  that  has  never  yet 
been  detected  in  an  uncombined  state.  There  is  reason,  how- 
ever, to  believe  it  is  an  elementary  substaace.  With  hydrogen 
it  forms  fluoric  acid.  Combined  with  fluor  it  forms  the  fluoric 
acid, 

FLURRY,  a  light  breese  of  wind  shifting  to  different  places, 
and  causing  a  little  ruffling  ou  the  calm  lurface  of  the  sea. 

FLUTE,  FisTia4,  wind,  an  Instrument  of  music.  The  tones 
or  notes  are  chanjced  by  slopping  and  opeDinjc  the  holes  dis- 
posed for  tbat  purpose  along  its  side.  The  ancient  fistula;,  or 
flutes,  were  made  of  reeds,  arterwardi  of  wood,  and  last  of 
metal.    Flutes  are  now  sometimes  made  of  glass. 

Flute,  (Vctduw.  is  an  instrument  different  from  the  common 
flate  ;  instead  of  bein^  put  into  the  mouth  to  be  played,  the  end 
is  stopt  with  a  plug,  and  the  tower  lip  is  applied  to  a  hole  about 
two  inches  and  a  half,  or  three  inches,  distant  from  the  end. 
It  is  perforated  with  holes,  the  lowest  of  which  is  stopped  and 
opened  by  the  little  finder's  pressing  on  a  brass  or  silver  key. 

Flutes,  or  Flulingt,  in  Architecture,  perpendicular  channels, 
or  cavities,  cut  along  the  shaft  of  a  column  or  pilaster.  .  • 

FLUX,  in  Metallnrgy,  is  sometimes  used  synonymously  with 
fusion  J  for  instance,  an  ore,  or  rather  matter,  is  said  be  in 
liqoid  flux  when  it  is  completely  fused.  But  the  word  flux  is 
generally  nsed  to  sig^fy  certain  saline  matters,  which  facilitate 
the  fusion  of  ores,  and  other  substances  which  are  not  easily 
fusible  in  assays,  and  in  the  reduction  of  ores.  In  the  lar^e 
way,  limestone  and  fusible  spar  are  used  as  fluxes.  The  fluxes 
nsed  in  assays,  or  philosophical  experiments,  consist  usually 
of  alkalies,  which  render  the  earthy  mixtures  fusible,  by  convert- 
tag  them  into  glass ;  or  else  glass  iUelf  in  powder.  Alkaline 
flnxea  are  either  (he  crude  flux,  the  white  flux,  or  the  bl»ck 
flax.  Crude  flnx  is  a  mixture  of  nitre  and  tartar,  which  are  put 
Into  the  crucible  with  the  mineral  intended  to  be  fused.  The 
detoaatioD  of  the  nitre  with  the  inflammable  matter  of  the  tar- 
tar, is  of  service  in  some  operations  ;  though  generally  il  is 
attended  with  inconvenience  on  account  of  ihe  swelling  of  the 
materials,  which  may  throw  them  out  of  the  vessel,  if  proper 
care  be  not  taken  either  to  anppty  only  a  little  of  the  mixture 
at  a  time,  or  to  procure  a  large  vessel.  White  flux  is  formed  by 
ptojectiDg  equal  parts  of  a  mixture  of  nitre  and  tartar,  by 
BOderale  portions  at  a  time,  into  an  ignited  crucible.  In  the 
detonation  which  ensues,  the  nitric  acid  is  decomposed,  and 


flies  off' with  the  tartarin  acid,  anil  the  remainder  conaislsef 
the  potash  in  a  stale  of  considerable  purity.  This  has  been 
called  fixed  nitre.  Black  tlux  differs  from  the  preceding,  ia 
the  proportion  of  its  ingredients.  In  this  the  wcifht  of  Uw 
tartar  is  doable  that  of  Ihe  nitre  ;  on  which  account  the  cotn- 
bnstion  is  incomplete,  and  a  considerable  portion  of  (he  tartaric 
acid  is  decomposed  by  the  mere  heat,  and  leaves  a  quantity  of 
coal  behind,  on  which  the  black  colour  depends.  It  is  nsed 
where  it  is  intended  to  reduce  metallic  ores,  and  effects  it  by 
uniting  with  the  oxygen  of  the  oxide. 

Flux,  in  Medicine,  an  extraordinary  issue,  or  evacnation.  of 
some  bumoors  of  the  body. 

FLUXION,  in  the  Newtonian  Analysis,  denotes  the  velocity 
with  which  a  flowing  quantity  increases  hy  iis  geoerailve 
motion,  by  which  il  stands  coniradistinguished  from  a  fluent, 
or  flowing  quantity,  which  is  constantly  and  indefinitely  increas- 
ing, after  the  manner  that  a  surface  is  described  by  the  molioa 
of  a  line,  or  a  solid  by  the  motion  of  a  surface.  Or  a  fluxion 
mar  be  otherwise  deRiied,  as  the  magnitude  by  which  any 
flowiu):  quantity  would  be  uniformly  increased  in  a  given  por- 
tion of  time,  with  the  generating  celerity  at  any  proposed 
posilion  or  instant,  supposing  it  thence  to  continue  invariable. 

Ftjixional  Analyiii,  is  the  algorithm,  or  analysis  of  Dnxioas 
and  flowing  quantities,  distinguishable  from  the  differenliil 
calculus  both  by  its  metaphysics  and  notation,  but  in  all  other 
respects  the  two  methods  are  identical. 

The  invention  of  the  fluxional  analysis  docs  more  honour  to 
the  powers  of  the  human  mind,  than  perhaps  any  discovery  of 
this  or  any  preceding  age ;  it  opens  to  us  a  new  world,  and 
extends  our  knowledge  as  it  were  to  infinity;  it  carrias  di 
beyond  those  bounds  which  seem  prescribed  to  our  neDtal 
powers,andleadstoinvestigations  and  results  which  raostotbtr- 
wise  hate  for  ever  remained  in  impenetrable  obscurity.  Asd 
without  entering  into  all  the  proofs  we  could  adduce  in  suppsit 
of  our  assertion,  we  ascribe  the  glory  of  this  invention  to  Sir 
Isaac  Newton,  though  it  has  been  also  claimed  on  ihe  conliiKnt 
for  Leibnitz.  But  as  we  do  not  intend  to  enter  upon  tUi 
subject  here,  the  reader  will  not  expect  a  minute  detail  of  ikc 
principle  of  fluxions.  It  will  be  sufiicient  to  observe,  that  ill 
finite  magnitudes  are  here  conceived  lobe  resolved  into  id- 
nitely  small  ones,  supposed  to  be  generated  by  motion,  us 
line  by  the  motion  of  a  point,  a  superficies  b;  a  line,  and  a  solid 
by  a  superficies ;  of  which  they  are  the  clemenis,  moments,  or 
differences.  The  art  of  finding  these  infinitely  small  qnaoH- 
tics,  or  the  velocities  by  which  Ihey  are  generated,  and  of 
working  on  them,  and  discovering  other  infinite  quantitieabT 
their  means,  makes  what  is  cniled  the  Dirtet  Mttliei  if 
Fluxiimt.  And  the  method  of  finding  the  fluents  or  flowisK 
quantities,  these  fluxions  being  given,  is  what  oonstitntes  ih» 
Inveri'e  Method. 

What  renders  the  knowledge  ofinfinilely  small  (quantities  of 
aucfa  great  use  and  extent  is,  that  they  have  relations  to  eMl 
other,  which  the  finite  magnitudes,  whereof  tbej  are  tbeiof- 
nitesimals.  have  not.  Thus  for  example,  in  a  carve  of  say 
kind  whatever,  the  inRniiely  smalt  ditferences  of  the  ordiaiW 
and  absciss  have  the  ratio  to  each  other,  not  of  the  ordiule 
and  absciss,  but  of  the  ordinate  and  subtangent :  and  of  eoB- 
sequence,  the  absciss  and  ordinate  being  known,  nill.givefts 
subtangent;  or,  which  amounts  to  the  same,  the  tanfeU 
itself 

iN'otalion.— The  method  of  notation  in  fluxions,  introdseed 
by  the  inventor,  Sir  Isaac  Newton,  is  as  follows: — The  variaUe, 
or  flowintr  quantity,  to  be  uniTormly  augmented,  as  snppose 
the  absciss  of  a  curve,  he  denotes  by  the  final  letters  •,  i.  5,  i; 
and  their  fluxions  by  the  same  letters  with  dots  placed  oref 
them,  thos,  c,  i.  H,  ?.  And  the  initial  letters,  ■,  I,  c,  d,  ttt. 
are  used  to  express  invariable  quantities. 

Again,  if  the  fluxions  themselves  are  also  variable  qnaatities, 
and  are  continually  increasing  or  decreasing,  be  conuders  the 
veliciiies  with  which  they  increase  or  decrease,  as  the  BnxioBS 
of  (he  former  fluxions  or  second  fluxions,  which  are  denoMd  by 
two  dots  o>er  them,  thus,  y  x  z. 

Afler  the  same  manner,  one  may  consider  the  increase  and 
diminution  of  these,  as  their  fluxions  also,  and  Urns  proceed  to 
the  third,  fonrlb,  Ico.  fluxions,  which  will  be  denoted  IhnSt 
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Lastly,  if  the  flowing  quantity  be  a  sard,  as 


V  —  Jf»  he  denotes  its  flaxion  by  (v^x  —  y)* ;  if  a  fraction 
-s it  is  denoted  by  f  ^ )       Sometimes,  however,  the 

iomions  of  compound  qaantities  are  exprefsed  by  placing^  the 

Letter  F,  or/ before  them,  thus,  instead  of  (>/(je  —  y))\  is 

written  F.  >/  ( X  —  y)  or  /.  >/  ( x  —  y).  We  shall,  however, 
io  the  following  article,  denote  the  fluxion  by  F,  and  the  fluent 
by  /. ;  so  that, 

P.  >/(*- 

F. 


'1^  }JSSL"/,{^ '  '-^' 

6  -f  X        ^  ^  64-x 

of  ^  _*_L 


(It 


/.  _  *^        4  fluents 

•^  X  -f  ax>  J  ^  X  -f  «x» 

FLY,  is  a  name  given  to  a  certain  appendage  to  many 
ttmchines,  either  as  a  regulator  of  their  motions,  or  as  a  collector 
of  power.  When  used  as  a  regulator,  the  fly  is  commonly  a 
beavy  disk  or  hoop  balanced  on  its  axis  of  motion,  and  at  right 
aogles  to  it;  though  sometimes  a  rrgulating  fly  consists  of 
▼rnnes  or  wings,  which,  as  they  are  whirled  round,  meet  with 
eoosiderable  resistance  from  the  air,  and  thus  soon  prevent 
aay  acceleration  in  the  motion ;  but  this  Itind  of  regulator 
aboold  rarely,  if  ever,  be  introduced  in  a  working  machine,  as 
it  wastes  much  of  the  moving  force.  When  the  fly  is  UKed  as 
m  collector  of  power,  it  is  frequently  seen  in  the  form  of  heavy 
knobs  at  the  opposite  ends  of  the  straight  bar,  as  in  the  coin- 

Fly  oftm  Ensiffn,  Pendant^  &c.  the  breadth  or  extent  from 
tbe  staff  to  the  extreme  edge  or  end  that  flutters  loose  in  the 
wlwL 

Fly  Bocit^  or  Flight,  a  large  flat-bottomed  Dutch  vessel, 
wboso  burden  is  generally  from  4  to  6iH)  tons :  it  is  distinguished 
by  a  stem  remarkably  high,  and  bv  very  broad  buttocks  below. 

FLYERS,  in  Architecture,  such  stairs     ^  

as  go  straight,  and  do  not  wind  round, 
or  have  the  steps  made  tapering ;  but 
tbe  fore  and  back  part  of  each  stair,  and 
Ibe  ends  respectively  parallel  to  one 
aaotber,  as  in  the  annexed  figure.  So 
tibat  if  one  flight  do  not  carry  ynu  to  your 
designed  height,  thcrs  is  a  broad  half 
Space  ;  and  then  you  lly  again,  with  steps 
aa  before,  every  where  of  the  same 
breadth  and  length  as  in  the  diagram. 

FLYING  Pinion,  is  part  of  a  clock, 
baling  a  fly,  to  gather  air,  and  restrain 
Ibe  rapidity  of  the  clock's  motion. 

FLi  ING,  the  progressive  motion  of  a  bird,  or  other  winged 
aaiaaalf  in  the  liquid  air.  The  parts  of  birds  chiefly  concerned 
la  tying,  sre  the  wings,  by  which  they  are  sustained  or  wafted 
The  manner  of  flying  is  thus :— The  bird  first  bends  his 
and  springs  with  a  violent  leap  from  the  ground,  then 
and  expands  the  joints  of  its  wings,  so  as  to  make  a 
It  line  perpendicular  to  the  sides  of  his  body:  thus  the 
with  all  the  feathers  therein,  constitute  one  continued 
Being  now  raised  a  little  above  the  horiaon,  and 
vibrataag  the  wings  with  peat  force  and  velocity  perpendico- 
tarlr  against  the  subject  air,  that  fluid  resists  those  succussions, 
boCb  from  its  natural  inactivit)  and  elasticity,  by  means  of 
vbieb  the  whole  bod>  of  the  bird  is  protruded.  The  resistance 
Ibe  air  makes  to  the  withdrawing  of  the  wings,  and  conse- 
mcatly  the  progress  of  the  bird,  will  be  so  much  the  greater,  as 
jbe  waft  or  stroke  of  the  fan  of  the  wing  is  longer. 

FOCUS,  in  Optics,  is  a  point  wherein  several  rays  concur,  or 
are  collected,  afler  having  undergone  either  retraction  or  reflec- 
tioa.  Tbis  point  is  thus  denominated,  because  the  rays  being 
bcre  brooght  together  and  united,  their  joint  effect  is  sufficient 
•a  bom  bodies  exposed  to  their  action  ;  and  hence  this  point  is 
•ailed  tbe/0cit#.  or  burning  point.  It  must  be  observed,  how. 
ever,  that  the  focus  is  not,  strictly  speaking,  a  point ;  for  the 
rays  are  not  accurately  collected  into  one  and  the  same  place 
ar  potat ;  owing  to  the  different  nature  and  rcfrangibility  of 
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the  rays  of  light,  to  the  imperfections  in  the  figure  of  the  lens^ 
and  other  similiar  impediments.  The  focus,  therefore,  is  a 
small  circle  wliich  Huygeos  has  demonstrated  to  be  one-eighth 
the  thickness  of  the  lens,  when  it  is  convex  on  both  sides;  that 
is,  it  cnnuot  be  less  than  this*  hut  in  imperfect  glasses  It 
exceeds  the  above  measure  sometimes  considerably. 

Virtual  Focus,  or  Point  of  Divergence,  so  called  by  Mr.  Moly- 
neux,  is  the  point  from  which  ra>s  tend  after  refraction  or 
reflection ;  being  in  this  respect  opposed  to  the  ordinary 
focus,  or  point  of  concurrence,  where  ra%s  are  made  to  meet 
after  refraction  or  reflection.  Thus,  the  foci  of  an  hyperbola 
are  mutually  virtual  foci  to  each  other;  but  in  an  ellipse,  they 
are  common  foci  to  each  other ;  for  the  rays  are  reflected  from 
the  other  focus  in  the  hyperbola,  but  towards  it  in  the  ellipse. 

Practical  Rules  for  finding  the  Foci  of  Glasses, —  I.  To  find 
by  experiment,  the  focus  of  a  convex  spherical  glass,  being  of 
a  small  sphere;  apply  it  to  the  end  of  a  scale  of  inches  and 
decimal  parts,  of  a  convenient  length,  and  expose  it  before  the 
sun ;  upon  the  scale  may  be  seen  the  brigth  intersection  of  the 
rays  measured  out :  or,  expose  it  in  the  whole  of  a  dark  cham- 
ber; and  where  a  white  paper  receives  the  distinct  representa- 
tion of  distant  objects,  there  is  the  focus  of  the  glasses.  % 
For  a  glass  of  a  pretty  long  focus,  observe  some  distant  object 
through  it,  and  recede  from  the  glass  till  the  eye  perceives  all 
in  confusion,  or  the  object  begins  to  appear  inverted ;  then  the 
eye  is  in  the  focus.  3.  For  a  plano-convex  (class ;  make  it 
reflect  the  sun  against  the  wall ;  on  the  wall  will  then  be  seen 
two  sorts  of  li^ht,  a  brighter  within  another  more  obscure  ; 
withdraw  the  glass  from  the  wall,  till  the  bright  image  be  in  its 
least  dimensions  ;  then  is  the  glass  distant  from  the  wall  about 
a  fotirth  part  of  its  focnl  length.  4.  For  a  double  convex; 
expose  each  side  to  the  sun  in  like  manner;  and  observe  both 
the  distances  of  the  glass  from  the  wall:  then  is  the  first  dis- 
tance about  half  the  radius  of  the  convexity  turned  from  the 
sun  ;  and  the  second  is  about  half  the  radius  of  the  other  con- 
vexity. The  radii  of  the  two  convexities  being  thus  known, 
the  focus  is  then  found  by  this  rule  :  As  the  sum  of  the  radii  of 
both  convexities  is  to  the  radius  of  either  convexity,  so  is  dou- 
ble the  radius  of  the  other  convexity  to  the  distaoc^e  of  the 
focus. 

FODDER,  or  Fother,  in  Mining,  a  measure  containing 
twenty-two  hundred  and  a  half  weight,  as  of  lead,  but  in  Lon- 
don itis  twenty  hundred. 

FCETUS,  in  Anatomy,  a  term  applied  to  the  offspring  of  the 
human  subject,  or  of  animals,  during  its  residence  in  the  wonUi. 

FOG,  or  Mist,  consisting  of  condensed  vapours  floating 
near  the  surface  of  the  earth. 

Fog  Bank,  an  appearance  in  hasy  weather  which  frequently 
resembles  land  at  a  distaace,  but  which  vanishes  as  you 
approach  it. 

FOIL,  in  Fencing,  a  blunt  sword,  or  one  tipped  with  a 
button  or  cork,  covered  with  leather.  Foils  are  used  in  the 
noble  and  manly  exercise  of  fencing. 

7V»  Foil,  among  Jewellers,  is  used  to  give  precious  stones  a 
colour,  by  placing  it  beneath  the  gem  ;  and  this  species  of  foil 
is  manufactured  from  copper,  silver,  or  gold.  The  copper  foils 
are  known  as  Nuretmberg  or  German  foils,  and  are  prepared  as 
follows : — Procure  the  thinnest  copper,  beat  it  on  an  anvil  with 
a  well  polished  hammer,  as  thin  as  possible  ;  place  the  copper 
between  two  iron  plates  as  thin  as  writing  paper ;  heat  tliem 
in  the  fire  ;  then  boil  the  foil  in  a  pipkin,  with  equul  quantities 
of  tartar  and  salt,  constantly  stirring  them  till  by  l>oiling  they 
become  white  ;  after  which  take  them  out  and  dry  them ;  then 
give  them  another  hammering,  till  they  are  made  fit  for  jour 
purpose.  If  too  much  heated  they  will  melt ;  if  too  long 
boiled,  they  will  attract  the  salt.  Polish  them  thus:— Take  a 
plate  of  the  best  copper  12  inches  long,  6  inches  broad,  polished 
to  the  greatest  perfection;  bend  this  to  a  long  convex,  fasten 
it  upon  half  a  roll,  and  fix  to  it  a  bench  or  table ;  then  take 
some  chalk  washed  as  clean  as  possible,  and  filtered  through  a 
fine  clean  linen  cloth  ;  lay  some  of  this  on  the  roll,  wet  the  copper 
all  over,  lay  the  foils  on  it,  and  with  a  polishing  stone  and  the 
chalk,  polish  ycur  foils  till  they  are  as  bright  as  a  looking-glass, 
after  which  they  must  be  dried,  and  laid  up  free  from  dust. 

FOLIATING  or  Silveiiino  of  LookingMlmsses^  is  spreading 
the  plates  over,  after  they  are  polbbed,  with  amalgam,  to  refloat 
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the  image.  Tlie  process  is  ms  fullows :— A  tliin  blollins  paper  is 
spread  on  (lie  table,  and  sprlnLled  with  chalk  ;  then  a  line  leaf 
of  tin-foil  is  laid  oier  the  paper ;  apon  this  mercury  is  poured, 
and  diitiibuted  equally  over  the  leaf  with  a  harr's  foot,  or 
ootton :  over  this  is  laid  a  clean  paper,  and  over  tbst  the  ((lass 
plate,  which  is  pressed  down  with  the  rii^hl  hand,  and  the  paper 
drawn  out  with  the  left ;  this  done,  the  plate  is  covered  with  a 
thicker  paper,  and  loaded  with  a  greater  weight,  that  the 
MBperfluous  mercury  may  be  driven  out.  and  the  tin  adhere 
more  closely  to  the  glass.  When  dry,  the  wei(;ht  is  removed. 
xaA  the  looking-glass  is  complete.  Some  add  an  ounce  of 
marcBsite,  melted  by  the  fire;  and  lest  the  mercury  shonld 
evaporate  tn  smoke,  ponr  it  into  cold  water ;  and  when  cooled, 
squeeze  it  through  a  cloth  or  leather. 

Foliating  of  Globe  Loohing-Glaaet.  Talce  five  ounces  of 
qaicksilver,  and  one  ounce  of  bismuth  ;  of  lead  and  tin  half  an 
ounce  each  ;  put  the  lead  and  tin  into  fusion,  then  put  in  the 
bismuth,  and  when  that  is  in  fusion  let  it  stand  lilt  it  is  almost 
cold,  and  pour  the  quicksilver  into  it ;  after  this,  take  the  glass 
globe,  which  mu.it  be  very  clean,  make  a  paper  funnel,  which 
pnt  into  Ihe  hole  of  the  globe,  as  near  to  the  glass  as  )ou  can, 
pour  the  amalf:Bm  in  gently,  and  move  it  about,  so  that  it  may 
touch  every  where. 

POMALHAUT,  or  Fohahaiit.  a  star  of  the  first  magnitude 
in  Piscis  Anstralis,  marked  a  by  Bayer. 

FOMENTATION,  in  Medicine,  is  the  external  application 
ofa  finid,  as  warm  as  the  patient  can  bear  it.  Two  Sannel 
cloths  arc  dipped  in  that  liqaor,  one  of  which  is  wrung  as  dry 
as  possible,  and  immediately  applied  to  the  part  affected. 
This  cloth  lies  on  till  the  heat  has  evafioraled,  and  the  other  ia 
then  applied.  By  this  alternate  application  the  part  affected 
is  constantly  supplied  with  warmth,  for  15  minutes,  or  half  an 
hour,  as  occasion  may  require. 

FOOD,  Comparativt  Sutrilive  Proptrliti  of.  An  intercstini; 
report  on  this  snbjccl  has  lately  been  presented  to  the  French 
1  inister  of  (he  interior,  by  Messrs.  Percy  and  Vauquelin, 
niftDibers  ofthe  Institnte.  The  result  of  their  experiments  is 
as  follows;— In  bread,  etery  100  lb,  is  found  to  contain  BO  lb.  of 
no  tri  I  ions  matter  :  butcher  meat,  averafiing  Ihe  different  sorts, 
contain  only  35  Ih.  in  one  hundred  ;  French  beans,  (in  the 
grain,)  92  lb.  in  one  hundred  ;  broad  beans,  SB  tb. ;  peas,  93  lb. ; 
leniils,  (a  species  of  half  pea.  little  known  in  Britain,)  94  lb.  in 
one  hundred  ;  greens  and  turnips,  which  are  themost  aqneous  of 
all  vegetables  used  in  culinary  purposes,  furnish  only  8  Ih.  of 
solid  nutritious  substance  in  one  hundred;  carrots,  (fi 
whence  an  inferior  kind  of  sugar  is  produced.)  14 Ih,;  i 
what  is  remarkable,  as  being  opposed  to  the  old  theory,  100  lb. 
of  potatoes  only  yield  25  lb.  or  nutriment ;  one  pound  nf  good 
bread  is  equal  to  2i  lb.  of  potatoes  ;  and  75  lb.  of  bread,  and  301b. 
of  meat,  Hre  equal  to  300  of  potatoes  ;  j  Ih  of  bread,  and  &oz. 
of  meat,  are  equal  to  3  lb.  of  potatoes;  1  lb.  of  potatoes  is  equal 
to  -i  Ih.  of  csthbage.  and  31b.  of  turnips  ;  and  one  pound  of  rice 
bread  or  French  beans  is  equal  to  3  lb.  of  potatoes. 

FOOT,  a  measure  of  Ien);th,  derived  from  the  length  ofthe 
baman  foot ;  containing  13  linear  inches,  i^gunrs  Foot,  is  a 
square  whose  side  is  one  foot,  and  is  therefore  equal  to  144 
■quarc  inches.  Cubic  Foot,  is  a  cnbe  whose  side  is  one  foot, 
and  the  cube  contains  1728  cuhic  inches. 

Foot,  in  the  Latin  and  Greek  poetry,  a  metre  or  meBSure 
composed  of  a  certain  number  of  long  and  short  syllables. 
These  feet  are  commonly  reckoned  twenty-eiEht.  of  which  some 
are  simple,  as  consisting  of  two  or  three  syllables,  and  there- 
fore called  dissjUahic  or  trisyllabic  feet;  others  are  compound. 
Consisting  of  tour  syllables,  and  are  therefore  called  teirasylla- 
bic  feet. 

Foot  of  a  Sail,  the  lower  edge,  or  bottom.  Foot  Ropr,  the 
tope  10  which  the  lower  edge  of  a  sail  is  sewed.  Foot  Ropei 
are  also  the  same  with  Noriti  oftht  Yardt,  which  see. 

Foot  Hatting,  the  whole  inside  planks  or  lining  of  a  ship, 
used  (o  prevent  any  par(  of  her  bnllast  or  cargo  from  falling 
between  her  floor  timbers.  Foot  of  a  Matt,  tlie  lowest  end  or 
that  which  goes  into  the  step. 

Foot  Mill,  or  Tread-Mill,  (at  grinding  com  or  other  sub- 
stances, moved  by  the  pressure  of  the  feet  of  men  or  animals. 
In  some  of  these  mills,  a  horse  or  an  ox  is  fixed  to  a  stall  upon  a 
flDor  above  a  vertical  wheel,  uid  &  bole  is  made  in  the  floor  in 


the  place  where  the  hind  feet  of  the  animal  shoold  (tand,  liii 
admitting  those  feel  to  press  upon  the  rim  of  a  wbcd,  sad 
cause  the  wheel  to  turn  upon  its  axle,  and  give  motion  to  Ibe 
whole  mill.  But  in  this  kind  of  machine,  the  animal  will  be 
obliged  very  unnaturally  to  move  his  hind  fee',  while  his  (ore 
feet  will  be  at  rest ;  and  furihtr,  the  motive  force  being  applied 
near  the  vertex  of  the  wheel,  will  act  but  with  little  advantage. 
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of  a  foot  mill  is  represented  ii 
above'  engraving.  A,  is  an  inclined  whi-tli  which  is  tgraed 
by  the  weight  of  a  man,  and  the  impulsive  force  of  his  fert 
while  he  supports  himself,  or  occasionally  pushes  with  bli 
hands  at  the  horizontal  bar  H.  The  face  of  this  wheel  ha*  diia 
pieces  of  wood  nailed  upon  it  at  proper  distances,  to  keep  the 
feet  ofthe  man  from  slipping  while  he  pushes  ihewheel  roond; 
and  Ihe  under  side  has  projecting  teeth  or  waves  which  caldi 
into  the  cogs  of  the  trundle  B,  and  by  that  means  turn  Ikt 
horizontal  shaft  0,  with  its  wheel  C  ;  this  latter  wheel  tan* 
the  trundle  D,  the  axle  of  which  carries  the  upper  millstone  K 
This  kind  of  foolmill  will  answer  extremely  well  to  grind  nalt, 
&,c.  when  no  very  great  power  is  required.  And  as  respecli  fte 
application  of  animal  force  to  machinery,  m  pages  32diB< 
326,  of  this  work,  where  Ibis  matter  is  treated  in  all  its  tukm 
relations,  both  to  man  and  beasts  of  burden. 

FORAGE,  in  Military  allairs.  denotes  the  pwvisionsbKMSU 
into  Ihe  camp  by  the  tri)ops  for  the  sustenance  of  the  horse*. 

FORCE,  in  Mechanics,  denotes  that  unknown  caose  wtiA 
produces  a  change  in  the  state  of  a  body,  as  to  motion,  rMl, 
pressure.  &c. ;  that  is,  whatever  produces  or  lends  to  prodael 
motiun.  or  a  change  of  motion  in  any  body,  is  called  feret. 
According  to  this  definition,  the  muscular  power  of  am'mall, 
as  likewise  pressure,  impact,  gravity,  See.  are  considered  U 
forces,  or  sources  of  motion,  it  being  evident,  from  daily  exp^ 
rience,  that  bodies  exposed  to  the  free  action  of  any  of  thMC^ 
are  either  put  into  motion,  or  have  their  stale  of  motion  cbanf- 
ed.  AH  forces,  however  various,  are  measured  by  the  effedl 
they  produce  in  like  circumstances,  wbetherlhe  effect  be  creat- 
ing, accelerating,  retarding,  or  deflecting  motions:  the  resilt 
of  some  general  and  commonly  observed  force  Is  taken  fct 
unity,  and  with  this  any  others  may  be  compared  ;  and  their 
proportions  represented  by  numbers  or  lines.  Under  thispolat 
of  view  they  are  considered  by  the  mathematician:  all  else 
falls  within  the  province  ofthe  universal  philosopher,  or  Ihe 
metaphysician.  When  we  say  that  a  force  is  represented  by 
a  right  line,  A  B.  it  is  to  be  understood  that  it  noulH  cause  a 
material  point,  sitnnled  at  rest  in  A,  to  run  over  the  line  A  B. 
which  V  called  the  direction  of  the  force,  so  as  to  arrive  at  Bat 
the  end  of  &  given  time,  while  another  force  woold  caasetb' 
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same  point  to  have  morrd  a  greater  or  less  distance  from  A  in 
tLe  suine  time.     See  the  fijcurc  below. 

Mechanical  forcm  may  be  reduced  to  two  sorts ;  one  of  a 
body  at  rest,  the  other  of  a  body  in  motion.  The  former  is  that 
which  we  conceive  as  residin);  in  a  body  when  it  is  supported 
by  a  plane,  suspended  by  a  rope,  or  balanced  by  the  action 
of  a  sprini^,  &c.  beinfc  denominated  pressure,  tension,  force, 
or  rit  mortua,  solicitation  conmtvs  movendi^  and  which  may 
always  be  estimated  or  measured  by  a  weight,  viz,  the  weight 
that  sustains  it.  To  this  class  of  forces  may  also  be  referred 
centripetal  andfbentrifugal  forces,  though  they  reside  in  a  body  in 
motion,  because  these  forces  are  homogeneoas  to  weights,  pres- 
sures, or  tensions  of  any  kind.  The  force  of  a  body  in  motion,  is  a 
Sower  residing  in  that  body,  so  long  as  it  continues  its  motion'; 
y  means  of  which,  it  is  able  to  remove  obstacles  lying  in  its 
way,  to  lessen,  destroy,  or  overcome  the  force  of  any  other 
noviog  body,  which  meets  it  in  an  opposite  direction  ;  or  to 
surmount  any  the  largest  dead  pressure  or  resistance,  as  ten- 
aioD,  gravity,  friction,  &c.  for  some  time ;  but  which  will  be 
lessened  or  destroyed  by  such  resistance  as  lessens  or  de- 
stroys the  motion  of  the  body.  This  is  called  vis  motura,  moving 
foree,  or  motive  force,  and  by  some  late  writers  vis  viva,  lb 
distinguish  it  from  the  ri>  mortua^  spoken  of  before. 

Force,  is  distingni^^hed  into  motive  and  mceeUrmtive,  or 
retardive,  constant^  variabU,  &c. 

Motive  Force,  otherwise  called  momentum,  oi  force  of  per- 
CQSsioB,  is  the  absolute  force  of  a  body  in  motion,  &c.  ;  and  is 
expressed  by  the  product  of  the  weight  or  mass  of  matter  in 
the  body,  multiplied  by  the  velocity  with  which  it  moves.  Motive 
FoRCR  also  denotes  the  force  by  which  a  system  of  bodies  is 
put  in  motion,  as  it  is  the  difference  between  the  power  or 
weight  which  produces  the  motion,  and  the  resistance  or  weight 
to  which  it  is  opposed. 

Atcelerative  Force,  or  retardive  force,  is  that  which  respects 
ike  velocity  or  rate  of  motion  only,  accelerating  or  retarding 
it ;  and  it  is  denoted  by  the  quotient  of  the  motive   force, 
divided  by  the  mass  or  weight  of  the  body.      So, 
If    m  denote  the  motive  force, 
and  h  the  body,  or  its  weight, 
and /the  accelerating  or  retarding  force, 

tben  is/ as  ~- 
o 

Constmnt  Force,  is  such  as  remains  and  acts  continually  the 
same  for  some  determinate  time.  Such,  for  example,  is  the 
force  of  gravity,  which  acts  constantly  the  same  upon  a  body 
while  it  continues  at  the  same  distance  from  the  centre  of  the 
earth,  or  from  the  centre  of  force,  wherever  that  may  be. 
Constant  or  uniform  forces  produce  uniformly  aceelerated 
■lotions,  the  laws  of  which  will  be  found  under  the  article 
Acceleration.  VarimhU  Force,  Is  that  whieh  is  continually 
changing  its  effect  and  intensity,  such  as  the  force  of  gravity  at 
dtflerent  distances  from  the  earth's  centre.  See  the  fonnuls 
relating  to  variable  forces  under  the  article  Acceleration. 
Forces  are  farther  distinguished  into  milr«/,  ctntrifrngml,  &c. 
which  see  under  the  several  articles. 

Comsfosition  of  Forces,  may  be  thus  defined:— If  two  or 
aore  forces  differently  directed,  act  upon  the  Mine  body,  at 
the  smmu  time,  as  the  body  in  question  cannot  obey  them  all,  it 
will  nove  in  a  direction  somewhere  between  them.  This  is 
called  the  eompotitiam  and  resolution  of  forces  or  of  motion, 
aad  may  be  illusuated  in  the  following  manner  i-~IUms.  Sup- 
pose a  body  A  to  be  acted  upon  by  a  force  in  the 
direction  A  B,  while  at  the  same  time  it  is  im-  ^ 
polled  by  another  force  in  the  direction  A  C,  it 
will  then  move  in  the  direction  A  D ;  and  if  the 


A  B,  A  C,  be  made  of  lengths  proportionate  > 
to  the  forces,  and  the  lines  C  I).  D  B.  be  drawn  A 
parallel  to  them,  so  as  to  complete  the  parallelogram  A  B  D  C, 
then  the  line  which  the  body  A  will  describe,  will  be  the 
diaKOoal  A  D :  and  the  length  of  this  line  will  represent  the 
force  with  which  the  body  will  move.  But  if  the  body  be  im- 
pelled by  equal  forces  acting  at  right  angles  to  each  other,  It 
wfll^BBOve  in  the  diagonal  of  a  square.  Instances  in  nature,  of 
motton  prodaeed  by  several  powers  acting  at  the  same  time, 
are  iooomerable.    A  ship  impelled  by  the  wind  and  tide  is  one 
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well  known ;  a  paper  kite,  acted  upon  in  one  direction  by  the 
wind  and  in  another  by  the  string,  is  another  instance. 

Animmi  Force,  ms  mopHed  to  Mmckinery,  All  machines  are 
impelled,  either  by  tne  exertion  of  animal  force,  or  by  the 
application  of  the  powers  of  nature.  The  latter  comprise  the 
potent  elements  of  water,  air,  and  lire.  The  former  is  more 
common,  yet  so  variable  as  hardly  to  admit  of  calculation  ;  it 
depends  not  only  on  the  vigour  of  the  individual,  but  on  the 
different  strength  of  the  particular  muscles  employed.  Every 
animal  exeition  is  attended  by  fatigue;  it  soon  relaxes,  and 
would  speedily  produce  exhaustion.  The  most  profitable  mode 
of  applying  the  labour  of  animals,  is  to  vary  their  muscular 
action,  and  revive  its  tone  by  short  and  frequent  intervals  of 
repose. 

The  ordinary  method  of  computing  the  effects  of  human 
labour  is,  from  the  weight  which  it  is  capable  of  elevating  to  a 
certain  height*  in  a  given  time,  the  product  of  these  three  num- 
bers expressing  the  absolute  quantity  of  performance.  Tliis 
was  reckoned  by  Daniel  Bernoulli  and  Desaguliers  at  two  mil- 
lions of  pounds  avoirdupois,  which  a  man  could  raise  one  foot 
in  a  day.  But  our  civil  engineers  have  gone  much  farther,  and 
are  accustomed,  in  their  calculations,  to  assume,  that  a  labourer 
will  lift  ten  pounds  to  the  height  of  ten  feet  every  second,  and 
is  able  to  continue  such  exertion  for  ten  hours  each  day,  thus 
accumulating  the  performance  of  3,600.000.  But  this  estimate 
seems  to  be  drawn  from  the  produce  of  momentary  exertions, 
under  the  most  favourable  circumstances;  and  it  therefore 
greatly  exceeds  the  actual  results,  as  commonly  depressed  by 
fatigue,  and  curtailed  by  the  unavoidable  waste  of  force. 

Coulomb  has  furnished  the  most  accurate  and  varied  obser- 
vations on  the  measure  of  human  labour.  A  man  will  climb  a 
stair,  from  70  to  100  feet  high,  at  the  rate  of  45  feet  in  a  minute. 
Reckoning  his  weight  at  \bb  lbs.,  the  animal  exertion  for  one 
minute  is  6,075,  and  would  amount  to  4,185,000  if  continued 
for  ten  hours.  But  such  exercise  is  too  violent  to  be  often 
repeated  in  the  course  of  a  day.  A  person  may  clamber  up  a 
rock  500  feet  high  by  a  ladder-stair  in  twenty  minutes,  and 
consequently  at  the  rate  of  25  feet  each  minute ;  his  efforts  are 
thus  already  impaired,  and  the  performance  reaches  only  3,876 
in  a  minute. 

But,  under  the  incumbrance  of  a  load,  the  quantity  of  action 
is  still  more  remarkably  diminished.  A  porter  weighing  140  lb. 
was  found  willing  to  climb  a  stair  40  feet  high  200  times  in  a 
day ;  but  he  could  carry  up  only  G6  loads  of  fire-wood,  each  of 
them  163  lb.  weight  In  the  former  case,  his  daily  performanoo 
was  very  nearly  1 .500.000 ;  while,  in  the  latter,  it  amounted 
only  Co  808,000.  The  quantity  of  permanent  effect  was  hence 
only  about  700,000,  or  scarcely  half  the  labour  exerted  in  mere 
climbing.  In  the  driving  of  piles,  a  load  of  42  lb.,  called  the 
ram,  is  drawn  up  3|  feet  high  20  times  in  a  minute ;  but  the 
work  has  been  considered  so  fatiguing  as  to  endure  only  three 
hours  a  day.  This  gives  about  530,000,  for  the  daily  perfor- 
mance. Nearly  the  same  result  is  obtained,  by  computing  the 
3nantity  of  water,  which  by  means  of  a  double  backet,  a  maa 
rew  up  from  a  well.  He  lifted  36  lb.  120  times  in  a  day  from 
a  depth  of  120  feet,  the  toUl  effect  being  518,400.  A  skilful 
labourer  working  in  a  field  with  a  large  hoe,  creates  an  effect 
equal  to  728,000.  When  the  agency  of  a  winch  is  employed  in 
turning  a  machine,  the  performance  is  still  greater,  amounting 

to  845,000. 

In  all  these  instances,  a  certain  weight  is  heaved  up,  but  a 
much  smaller  effort  is  sufficient  to  transport  a  load  horisontallv. 
A  man  could,  in  the  space  of  a  day,  scarcely  reach  an  altitude 
of  two  miles  by  climbing  a  stair ;  though  he  will  easily  walk 
over  thirty  miles  on  a  smooth  and  level  road.  But  he  would 
in  the  same  time  carry  only  130  lb.  to  the  fourth  part  of  that 
disUnce.  or  7|  miles.  Assuming  his  own  weight  to  be  I401b.« 
the  quantity  of  horiionUl  action  would  amount  to  42,768,000» 
or  twenty-eight  times  the  vertical  performance ;  but  the  share 
of  it  in  conveying  the  load  is  20,061,780,  or  about  thirty  Umes 
what  was  spent  in  iU  elevation.  The  greatest  advanUge  is 
obuined  by  redudng  the  burden  to  102  lb.,  the  length  of  jour- 
ney being  augmented  in  a  higher  ratio. 

These  results  are  apparently  below  the  average  of  English 
labour,  which  is  not  only  most  vigorons,  but,  in  many  casea^ 
quite  overstrained.  Moderate  exertioo  of  strength,  joined  Mi 
A  n 
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regolarity  and  perseverance,  woold  be  more  condaciYe  to  robust 
health,  and  the  comfortable  duration  of  human  life. 

A  porter  in  London  is  accustomed  to  carry  a  burden  of 
200  lb.  at  the  rate  of  three  miles  an  hour.  In  the  same  metro- 
polis, a  couple  of  Irish  chairmen  continue  at  the  pace  of  four 
miles  an  hour,  under  a  load  of  300  lb.  These  exertions  are 
rreatly  inferior,  however,  to  the  labour  performed  by  porters 
m  Turkey,  the  Levant,  and  generally  on  the  shores  of  the 
Meditenanean.  At  Constantinople,  an  Albanian  porter  will 
carry  800  or  9001b.  on  his  back,  stooping  forward,  and  assist- 
ing his  steps  by  a  sort  of  staff.  At  Marseilles,  four  porters 
commonly  carry  the  immense  load  of  nearly  two  tons,  by  means 
of  soft  hods  passing  over  their  heads,  and  resting  on  their 
shoulders,  with  the  ends  of  poles,  from  which  the  goods  are 
suspended. 

According  to  some  experiments  of  the  late  Mr.  Buchanan, 
the  exertions  of  a  man  in  working  a  pump,  in  turning  a  winch, 
in  ringing  a  bell,  and  in  rowing  a  boat,  are  as  the  numbers  100, 
167,  227,  and  248.  But  those  efforts  appear  to  have  been  con- 
tinned  for  no  great  length  of  time.  The  Greek  seamen,  in  the 
Dardanelles,  are  esteemed  more  skilful  and  vigorous  in  the  act 
of  rowing,  than  those  of  any  other  nation.  Even  the  Chinese, 
applying  both  their  hands  and  their  feet,  are  said  to  surpass 
all  people  in  giving  impulsion  to  boats  by  sculling. 

The  several  races  of  men  differ  materially  in  strength,  but 
still  greater  diversity  results  from  the  constitution  and  habits 
of  the  individual.  The  European  is,  on  the  whole,  decidedly 
more  powerful  than  the  inhabitants  of  the  other  quarters  of  the 
globe ;  and  man,  reared  in  civilized  society,  is  a  finer,  robuster, 
and  more  vigorous  animal  than  the  savage.  In  the  temperate 
olimates,  likewise,  men  are  capable  of  much  harder  labour, 
than  under  the  influence  of  a  burning  sun.  Coulomb  remarks, 
that  the  French  soldiers  employed  on  the  fortifications  of  the 
Isle  of  Martinique  became  soon  exhausted,  and  were  unable  to 
perform  half  the  work  executed  by  them  at  home. 

The  most  violent  and  toilsome  exertion  of  human  labour  is 
performed  in  Peru,  by  the  carriers  or  carguerot^  who  traverse 
the  loftiest  mountains,  and  clamber  along  the  sides  of  the  most 
tremendous  precipices,  with  travellers  seated  on  chairs  strap- 
ped to  their  backs.  In  this  manner,  they  convey  loads  of  12, 
14,  or  even  18  stones ;  and  possess  such  strength  and  action, 
as  to  be  able  to  pursue  their  painful  task  eight  or  nine  hours, 
for  several  successive  days.  These  men  are  a  vagabond  race, 
consisting  mostly  of  mulattoes,  with  a  mixture  of  whites,  who 
prefer  a  life  of  hardship  and  vicissitude,  to  that  of  constant 
though  moderate  labour. 

When  a  man  stands,  he  polls  with  the  greatest  effect ;  but 
his  power  of  traction  is  much  enfeebled  by  the  labour  of  tra- 
velling. If  V  denote  number  of  miles  which  a  person  walks  in 
an  hour,  the  force  which  he  exerts  in  dragging  forward  a  load 
will  be  expressed  nearly  by  }  (12— 2v)'.  Thus,  when  at  rest,  he 
pulls  with  a  fotce  of  about  29  pounds  averdupois ;  but  if  he 
walks  at  the  rate  of  two  miles  an  hour,  his  power  of  traction  is 
reduced  to  14  lb. ;  and  If  he  quicken  his  pace  to  four  miles  an 
hour,  he  can  draw  only  31b.  There  is  consequently  a  certain 
velocity  which  procures  the  greatest  effect,  or  when  the  pro- 
duct of  the  traction  by  the  velocity  becomes  a  maximum.  This 
takes  place  when  he  proceeds  at  the  rate  of  two  miles  an  hour. 
The  utmost  exertion  which  a  man  walking  might  continue  to 
make  in  drawing  op  a  weight  by  means  of  a  pulley,  would 
amount,  therefore,  in  a  minute,  only  to  2,430 :  but  if  he  applied 
his  entire  strength,  without  moving  from  the  spot,  he  could 
produce  an  effect  of  3,075. 

The  labour  of  a  horse  in  a  day,  is  commonly  reckoned  equal 
to  that  of  five  men ;  but  then  he  works  only  eight  hours,  while 
a  man  easily  continues  his  exertions  for  ten  hours.  Horses 
likewise  display  much  greater  force  in  carrying  than  in  pulling ; 
and  yet  an  active  walker  will  beat  them  on  a  long  journey. 
Their  power  of  traction  seldom  exceeds  144  pounds,  but  they 
are  capable  of  carrying  more  than  six  times  as  much  weight. 
The  pack-horses  in  the  West  Riding  of  Yorkshire  are  accus- 
tomed to  transport  loads  of  4201b.  over  a  hilly  country.  But, 
in  many  parts  of  England,  the  mill-horses  will  carry  the  enor- 
mous burden  of  9101b.  to  a  short  distance.  With  regard,  how- 
ever, to  the  ordinary  power  of  draught,  the  formula  (12— v)* 
Where  «  denotes  the  velodty  in  miles  an  hour,  will  perhaps  be 


found  sufiiciently  near  the  truth.  Thus,  a  horse  beginning  his 
pull  with  the  force  of  144  lb.,  woold  draw  100  lb.  at  a  walk  of 
two  miles  an  hour,  but  only  64  lb.  when  advancing  at  double 
that  rate,  and  not  more  than  36  lb.  if  he  quickened  his  pace  to 
six  miles  an  hour.  His  greatest  performance  would  hence  be 
made  with  the  velocity  of  four  miles  an  hour.  The  accumulated 
effort  in  a  minute  v/lil  then  amount  to  22.628.  The  measure 
generally  adopted  for  computing  the  power  of  steam  engines  is 
much  higher,  the  labour  of  a  horse  being  reckoned  sufficient  to 
raise,  every  minute,  to  the  elevation  of  one  foot,  the  weight  of 
32,0001b.  But  this  estimate  is  not  only  greatly  exaggerated, 
but  should  be  viewed  as  merely  an  arbitrary  and  conventional 
standard. 

Wheel  carriages  enable  horses,  on  level  roads,  to  draw,  ti 
an  average,  loads  about  fifteen  times  greater  than  the  power 
exerted.  The  carriers  between  Glasgow  and  Edinburgh  trans- 
port, in  a  single-horse  cart,  weighing  about  7  cwt.,  the  load  of 
a  ton,  and  travel  at  the  rate  of  22  miles  a  day.  At  Paris,  one 
horse,  in  a  small  cart,  conveys  along  the  streets,  half  a  cord  of 
wood,  weighing  two  tons ;  but  three  horses  yoked  in  a  line  are 
able  to  drag  105  cwt.  five  and  a  fourth,  or  that  of  a  heavy 
cart  loaded  with  building  stones.  The  Normandy  carriers 
travel  from  14  to  22  miles  a  day,  with  two-wheeled.'  carts, 
weighing  each  11  cwt.,  and  loaded  with  79  cwt.  or  neariy4 
tons,  of  goods,  drawn  by  a  team  of  four  horses. 

The  French  draught  horses,  thus  harnessed  to  light  car- 
riages, are  more  efficient  perhaps  than  the  finer  breeds  of  this 
country.  They  perform  very  nearly  as  much  work  as  those  is 
the  single-horse  carts  used  at  Glasgow,  and  far  greater  thai 
those  heavy  animals  which  drag  the  lumpish  and  toweriof^ 
English  waggons. .  The  London  dray-horses,  in  the  mere  act  o( 
ascending  from  the  wharfs,  display  a  powerful  effort,  but  thef 
afterwards  make  little  exertion,  their  force  being  mofdj 
expended  in  transporting  their  own  ponderous  mass  along. 

Oxen,  on  account  of  their  steady  draught,  are  in  mtny 
countries  preferred  for  the  yoke.  They  were  formerly  en- 
ployed  universally  in  the  various  labours  of  husbandry.  The 
tenderness  of  their  hoofs,  unless  shod,  however,  makes  them 
unfit  for  pulling  on  paved  roads,  and  they  can  work  only  with 
advantage  in  soft  grounds.  But  they  want  all  the  pliancy  and 
animation,  which  are  the  favourite  qualities  of  the  horse. 

The  patient  drudgery  of  the  ass,  renders  him  a  serviceable 
companion  of  the  poor.  Though  much  inferior  in  strength  to 
the  horse,  he  is  maintained  at  far  less  cost.  In  this  cooatrj, 
an  ass  will  carry  about  two  hundred  weight  of  coals  or  fioe- 
stone,  twenty  miles  a  day.  But,  in  the  warmer  climates,  ke 
becomes  a  larger  and  finer  animal,  and  trots  or  ambles  brisklj 
under  a  load  of  150  pounds.  The  mule  is  still  more  powerfol 
and  hardier,  being  fitted  equally  for  burden  and  draught. 

In  the  hotter  parts  of  Asia  and  Africa,  the  ponderous  streuftk 
of  the  elephant  has  been  long  turned  to  the  purposes  of  war. 
He  is  reckoned  more  powerful  than  six  horses,  but  his  ooo- 
sumption  of  food  is  proportionally  great.  The  elephant  carriei 
a  load  of  three  or  four  thousand  pounds, — his  ordinary  paoeis 
equal  to  that  of  a  slow  trot, — he  travels  easily  over  forty  or 
fifty  miles  in  a  day,  and  has  been  known  to  perform,  in  that 
time,  a  journey  of  a  hundred  and  ten  miles.  His  sagacity  and 
intelligence  direct  him  to  apply  his  strength  according  to  the 
exigency  of  the  occasion. 

The  camel  is  a  most  useful  beast  of  burden  in  the  arid  pltias 
of  Arabia.  The  stronger  ones  carry  a  load  of  ten  or  twehe 
hundredweight,  and  the  weaker  ones  transport  six  orsefea 
hundred;  they  walk  at  the  rate  of  two  miles  and  a  half  in  •■ 
hour,  and  march  about  thirty  miles  every  day.  The  camel  tra- 
vels often  eight  or  nine  days,  without  any  fresh  supply  of  water; 
when  a  caravan  encamps,  in  the  evening,  he  is  perhaps  tuned 
loose,  for  the  space  of  an  hour,  to  browse  on  the  coarsest  her- 
bage, which  serves  him  to  ruminate  during  the  rest  of  tile 
night.  In  this  manner,  without  making  any  other  bait,  he  will 
perform  a  dreary  and  monotonous  Journey  of  two  thousand 
miles. 

Within  the  Arctic  Circle  again,  the  rein  deer  is  a  domesti- 
cated animal,  not  less  valuable.  He  not  only  feeds  and  clothes 
the  poor  Laplander,  but  transports  his  master  with  great  swift- 
ness, in  a  covered  sledge,  over  the  snowy  and  frozen  tracts. 
The  rein  deer  subsist  on  the  scanty  vegetation  of  motf  or 
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Hebeni,  and,  UraaRh  irrj  docile,  ihty  are  not  powerful.  Two 
of  tbcm  are  required  tutlrawm  lipbl  (kilKe:  'o  hatocMcil,  Uiey 
will  run  Crty  or  (ixijr  iniica  us  a  «lr(r(uii,  Bnil  Mometimei  per* 
fom  a  joiinicy  of  a  iiunilred  and  twelve  inileH  in  the  courie  of 

■  dar.     Uul  luoli  rxcttiuDi  auno  mciit  ittriii  oat. 

A  MiTt  of  dwatf  ranicl  was  the  only  ammal  of  burden  poi- 
•caaed  hf  the  anpicnt  I'eravians.  Tlie  Lama  la,  indeed,  peeg- 
tiarl;  fitted  for  the  lofty  reicioni  of  the  Andea.  The  sIroD|;e*l 
of  them  carry  only  fnxn  IJJU  to  300  pounda,  but  iierfonn  about 
Cfleeo  milei  a  day  over  the  roufclieit  tiiuuntaini.  They  jiene- 
rmlly  continue  thia  labour  duritiE  live  days,  and  are  then  allowed 
to  halt  two  or  three  days  before  they  renew  their  taak.  The 
Paco  ia  another  similar  airinial,  riii|iloie[l  likcwiie  in  Irana- 

KrtinK  fooda  in  tliitt  iiineular  country;   it  ia  very  a  tub  born, 
veter,  and  carriea  only  from  Tiftt  to  acrenty  pounds. 

Even  the  excrtiona  ofiioBiM  have,  in  some  pnria  of  Europe, 
been  turned  to  uaeful  luiiour.  They  ara  made  to  tread  in  a 
wheel  whiL'lidrawi  water. or  raiaeaorc  from  the  mine.  Thouftb 
a  Tcry  liKbl  animal.  Ihc  ruuI  ia  nimble,  niid  climba  at  a  hif[h 
aiifck-.  Siippiiains  tliia  snaiini;  creature.  tliouKh  only  the  fiiurlh 
pari  of  the  wcitcht  of  a  man,  to  march  aa  faat  along;  an  aaoenl  of 
40  dep^rees,  asi  he  dora  over  one  of  18  decrees, — the  line  of  tbc 
former  beinf  double  that  of  ihc  latter, — it  mu9|  jet  perform 
balf  aa  muHi  vark..  —  Lftliti  HUmenli  of  Aaluiml Pkilotopky. 

FORCEPS,  in  Surgery.  &c.  ■  pair  uf 
•ciuari  forcuiiinf;  ulf,  or  dividing,  the 
Beahy  membtanona  parta  of  the  body,  aa 
occaaiun  requlrca. 

FORCER,  TeHPOHARV.  for  a  pump,  ia 

■  contrivanre  to  pro«lncc  a  conatant 
Mream.  A  very  simple  forrcr  of  thia 
kind  bas  been  deviaed  by  Mr.  R.  Trcvi- 
thiek:  it  conaiata  in  fixinft  a  barrel  with 
•olid  piatoo  aloufc  tbe  tide  uf  the  cummoa 
pomp,  in  aoch  a  manner  that  tbe  lower 
■pace  of  the  ndditi»nal  barrel  may  com-  • 
nnnipaie  with  tbc  apace  between  the  two 
Tal*ea  uf  the  pump;  and  laaily.  by  eon< 
Bectiog  the  roda  at  1>,  ao  that  they  may 
work  totteiher.  Tliia  ii  shewn  in  tbe 
onnexed  figure,  and  the  elfect  is,  tliftt 
when  the  pintons  arc  raided,  tlie  apacea 
of  the  cjlinders  betieaih.  A  and  U,  be- 
oome  filled  by  tlie  preaaure  of  the  atmo. 
■pbere,  at  the  same  lime  that  the  upper 
oolumn  Bows  out  at  E,  the  discharging 
■pool. 

Bat  ajcain,  when  the  pistona  deicend, 
the  val*e  C  ahult,  and  coniequentty,  tbe    | 
woter  drUen  by  the    piaton  in    II   muat     ^ 
^Kcad  throuKh  A,  and  continue  to  pro- 
daico  an  equal  discharge  through  E  in  the 
down  atroke. 

FORCING,  amonfc  Gardeners,  aiKoiBea  the  roakinic  trees 
produce  ripe  fruit  before  their  usuul  time.  This  ia  done  by 
plonting  Iheiu  io  a  hut-bed  aicainst  a  anulh  wall,  and  likewise 
orCaadinK  them  from  the  iniuriea  of  the  weather  by  a  f(laaa 
CraoMt.  They  should  nlwaya  tie  [;rown  trees,  aa  younj;  ones  are 
Opt  to  be  dealiojed  by  thia  mnnajccnient.  The  ulaaacs  muat  be 
lokon  off  at  proper  leaauna,  to  admil  the  benefit  of  fresh  air, 
oad  eapecially  of  gentle  showers. 

FORB,  tbe  dialinfcuiahinK  character  of  all  that  part  of  a 
ifeip'a  frame  and  machinery  vihich  liea  near  ihem. 

Foaa  mmd  Aft,  tbrouithout  the  ship's  whole  lenglh,  or  from 
cad  to  end:  it  also  impliea,  in  a  line  with  the  keel.  Fort  B«w 
Limt,  tbe  bow.line  of  the  furc-aail.     Srt  llow  LtNB. 

Fooe  Brmctt,  ropes  applied  to  the  fore  yard-arms,  to  chaoge 
ftc  poaition  of  the  fore-aail  occaaionally.  ■'■ 

Foaa  Cmttlt,  a  abort  deck  placed  in  tbe  fore  part  of  a  ship 
above  ibe  upper  deck;  it  ia  uaually  temtiaated  both  before  and 
Whiod  in  reaaela  of  war  by  a  brenal-work,  the  foremost  part 
lofwing  Um  top  of  Ihc  beak  head,  and  the  hind  pari  rcacfaioic 
to  the  after  port  of  tbc  fore  chaiua.  For*  CaMlr  Mtn,  sailura 
RBiioocd  on  the  fore  castle,  «ha  are  iteneraliy  prinia  aeameo. 

Foot  Cmt-Umrfm^t,  a  compiicattoo  of  ropci  used  W  brooeia 
the  opper  part  of  the  fore  ahruuda. 


FoaE  Ctotti,  in  Law.  aifCDifio  Ibe  beinit  abut  out,  and 
eaclnded  or  barred,  the  equity  of  redemption  on  morlxaxes.  &c. 

Fore  Faot,  a  piece  of  limher  which  lermiuates  the  keel  at 
the  fore  end ;  it  ia  ronnrcled  by  a  scarf  to  the  extremity  of  the 
keel,  and  the  other  end  of  it  which  ia  ineurrated  upwards  into 
a  sort  of  knee,  ia  attached  to  the  lower  end  of  tbe  stem  ;  it  i* 
also  called  a  iiripe.  As  the  loiter  arm  of  the  fore  foot  lies  oo 
tbe  same  level  with  lbs  keel,  so  tbe  upper  one  coincidea  wilfc 
tbe  middle  line  of  the  stem  ;  its  breadth  and  thirkneaa  ther»' 
fore  correspond  with  the  dimensions  of  those  piece*,  and  the 
heel  uf  the  cut"  Bier  ia  acarfed  to  its  upper  cod. 

Foae  Lumd,  a  cape  or  promontory  pruyeetiog  into  Ike  aeo, 
aa  llie  North  and  Snutli  Forelaoda. 

Fore  Ttrkir,  tai^kle  un  Ihc  fore  maal,  and  also  tackle  uaed 
for  aiuwioK  tliu  anchor.  Fitritop  Men,  men  atatioocd  in  tbe 
foreiop,  in  readiiieaii  to  set,  «r  lake  in  the  snisJIei  tails,  and  Io 
keep  the  upper  rietEinx  in  order. 

Fori:  Mumnci-  o/  tkt  Lim*.  a  small  piece  of  red  bunlln,  laid 
into  Ihat  line  at  a  certain  dintnnec  from  Ihc  lojr,  the  apaee 
between  them  beinft  railed  the  atray  linr,  wbicb  ia  asually  from 
twelve  Io  fifteen  faifaonia,  and  la  bi|  allowance  fur  Ibe  lof  to  be 
entirely  out  of  tbe  ship's  dead  water,  before  Ihcj  befin  Io  cali- 
maie  the  ahip'a  veloetly,  cunaequeullj  the  knola  bcKio  from 
Ihat  point.     >S'cr  the  article  Loii. 

FoKB  Staff,  is  an  instrument  nsed  at  sea  for  tabinn  Ibe 
allitudea  of  beatcnlv  liodiei.  Tbe  fure  atalf.  called  also  croai 
Stafl*.  lakes  il*  denomination  hence,  that  the  uliaerver  in  uaiuK 
it  liirns  hia  face  towards  Ihr  objcci,  in  conlradiatinclioa  Io  the 
back  atalf.  where  he  lurna  bin  back  io  the  objecL 

FOREIGN  SKAMiiN.scrviniclwoyeara  on  board  British  ships, 
whether  of  war,  Uade.  or  privateers,  during  tbe  time  of  war, 
shall  be  deemed  natural-born  sulijecli. 

FOHEJUDtlER,  in  Law.  a  jiidftmenl  whereby  a  mw  ia 
deprived,  nr  put  unt,  of  the  Ihingc  in  qucation. 

FOREST,  in  Law.  a  certain  territory  of  woody  (croon'*  ■"'I 
fruitful  paaturca.priiitetced  for  wild  bcasta  and  fowls  of  forest, 
ehaae,  and  waricn.  Io  real  and  abide  under  ihe  pruteetiomof  the 
kinK.  for  bia  princely  delight.  Every  foreat  ia  supposed  to  be 
bounded  by  urirriiiuvable  marks  and  mi-rcs.  either  known  bj 
matlcT  of  record  or  preicription.  Ueaides  the  New  Foreal  in 
Hampshire,  there  are  68  other  fureata  iu  England.  13  chases, 
and  more  than  'tu  parks.  New  Fure«t  lies  on  the  sea  aide, 
Hampahire,  Kirwond  forest  is  on  the  banks  of  the  Trent,  Dean 
forest  on  the  Se\eia,  and  Windsor  forest  on  the  Thames.  A 
forest  alrictly  taken  cannot  be  in  tbe  banda  of  any  but  the  kiox, 
who  alone  baa  power  to  prani  a  commission  Io  Ihe  jualire  in 
eyre  of  tbe  foreat ;  yet  if  he  Kranla  a  furesl  to  a  aubjeet,  Ihat 
lutiject  and  his  heira  ahall  have  a  jmliriai  in  Ihe  foreat,  in 
which  caae  the  subject  hua  a  (oreal  in  law.  Ileasls  of  Ibe 
forest  arc  the  hart,  bind,  buck,  doe,  bear,  wolf,  fox,  bare. 

Forest  Courli  take  DOKniaanree  of  all  Ireapaaaea  commilled 
in  the  aaid  forcata,  whether  these  be  injuiiea  dune  to  ihe  venl- 
aon,  Ihe  tert,  or  ^rernnward.  or  to  the  covert  in  vhieh  aurk 
deer  are  lodged.  And  iheforrtt  farr  are  laws  peculiarly  appli- 
cable to  the  furesia,  beiiq(  diOerciil  from  tbc  cummoa  law  of 
BoRland. 

FUKESTALMNG,  ia  the  buyincor  barrainiofc  for  any  corn, 
calUe.  or  other  luerehamlise.  by  the  way,  before  il  comes  to  any 
market  or  fair  In  be  sold ;  or  us  il  comes  from  beyond  the  seaa. 
or  othcrwiae.  tuwarda  any  port  or  ereek  of  ihi*  realm,  to  sell 
Ihe  aame  again  at  a  higher  jirirr.  At  the  common  law,  all 
endeavoura  to  enhance  the  price  of  mcrrhandise,  and  all  prac- 
Ijcea  which  have  a  tendency  thereto,  whether  by  apreading  falae 
rumours,  or  by  porchasiiiK  things  in  a  market  before  Ihe  acrua- 
tomed  hour,  or  by  buying  and  selling  agaiu  Ibe  same  thing  in 
the  same  markel.  or  by  auch  devices,  are  criminal,  and  puniah- 
able  by  One  and  itDprisanment. 

FORESTER,  a  sworn  oIDcer  of  the  forest,  appointed  by  tbe 
king's  letters  pal  en  I  to  walk  the  forest  at  all  boura,  watch  o*er 
tbe  *ert  and  leniaon ;  alao  to  make  altaebmenia  and  Irne  pre> 
■entmenla  of  all  Ireapasaea  commilled  within  the  fereaL 

FORFEITURE,  in  Law.  a  Iranagreaaion,  or  offence,  or  more 
properly  speaking,  Uie  effect  of  such  transgrcaaion,  aa  Ihe  luaa 
of  privilege,  licht,  estate,  bonour,  office,  of  eSccta,  eiUiei  io 
ciril  or  crimiiinf  cases.  In  n'eif  eaaea,  as  when  a  tenant  in  twl 
nakei  leaaea  nol  warrajilcd  by  the  ■taiuic,  a  forfeiture  is  com* 
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milled,  aorf  he  nho  has  the  immediate  rereriion  may  enter 
upon  possession.  In  criminal  cases,  JI  is  two-fold ;  or  real  and 
persoDBl  estates,  ai  by  attainder  in  high  treason ;  or  in  petty 
treasoQ  and  felony,  of  all  chattel  interests  absolutely,  and  the 

tiroBts  of  a[l  freehold  estates  daring  life  and  after  death,  of  all 
ands  and  tenements  in  fee  simple  (but  not  those  io  taiJ),  tn  the 
crown  for  a  year  and  a  day.  &c.  Lands  are  forfeited  opon 
attainder,  and  not  before ;  ^oods  and  chattels  are  forfeited  by 
coovictian. 

FORFICULA,  Earwig,  an  insect  of  the  coleoptera  order. 
The  win^  of  this  insect  are  remarkably  elegant,  and  are  con- 
votntod  beneath  their  small  shemths  in  a  cnrious  msnner ;  they 
are  very  large  in  proportion  to  the  animal,  transparent,  and 
■lighllr  iridescent.  The  earwig  flies  only  by  night,  and  it  is 
with  difficulty  made  to  expand  its  wings  by  day.  The  popular 
dieadin  which  this  insect  is  held,  on  a  supposition  of  its  some- 
times entering  the  ear,  sod  piercing  the  timpanuni.  is  con- 
Mdered  by  some  as  problematical,  thoagh  there  are  undoubtedly 
instances  of  earwigs  baring  accidentally  taken  shelter  in  the 
«ars  of  persons  asleep,  and  occasioning  great  pain.  The  best 
means  of  expelling  toem  is,  to  drop  a  small  quantity  of  brandy 
or  other  spirit  into  the  ear. 

FORGE,  a  little  fnrnace,  as  that  nsed  by  smiths.  &c.  or. 
simply,  a  pair  of  bellows,  the  mnzcle  of  which  is  directed  upon 
a  smooth  area,  on  which  coals  are  placed.  See  Bellows. — 
Porge  is  also  nsed  when  speaking  of  a  large  furnace,  wherein 
iron  ore  taken  out  of  the  mine,  is  melted  down ;  or  it  is  more 
properly  applied  to  another  kind  of  furnace,  wherein  the  iron 
ore  melted  down  and  separated  in  a  former  furnace,  and  (ben 
cast  into  sows  and  pigs,  is  heated  and  fused  over  again,  and 
beaten  afterwards  with  large  hamniers,  and  thns  rendered  more 
■oft,  pure,  ductile,  and  lit  for  use. 

FoHOE  Bleunnff  Engine,  by  Mr.  Patersoa.  Lanark.  The 
improvement  in  this  blowing  engine  is,  that  by  the  use  of  two 
cylinders  blowing  alternately,  the  blast  is  equalized  without 
either  a  water-pressnre  or  an  air-vessel ;  and  thus,  without  the 
aid  of  these,  and  with  less  weight  upon  the  moving  power, 
whether  steam-engine  or  water-wheel,  a  constant  and  steady 
blest  is  obtained. 

DeieripHon. — This  machine  has  been  used  for  some  time  back. 
It  is  driven  by  a  water-wheel  of  6te  horse  power,  and  has  been 
found  preferable  to  a  blast  from  one  cylinder.  Mr.  Faterson 
can  smelt  at  least  one-third  more  iron  with  the  same  qnantity  of 
coke,  and  make  larger  pigs;  and  besides,  the  iron  is  much 
more  fluid  or  better  fused,  than  was  the  case  when  he  used  the 
blowing  engine  with  one  cylinder.  He  farther  considers  it  a 
great  advantage  for  the  machinery,  as  it  entirely  does  away 
jolting,  the  crank  being  alike  strained  at  alt  points.  A,  (see 
the  engraving,)  the  tipright  cylinder ;  B,  the  horisontal  cylin- 
der; C,  C,  (he  two  connecting  rods;  D,  the  crank;  E,  the 
walking  beam;  F,  the  parallel  motion;  G,  the  pipes  for  con- 
veying the  blast  (o  the  cupola;  H,  the  cupola  or  furnace;  J, 
the  sraill  wheel,  running  upon  a  cast  iron  bar,  with  a  groove  in 
its  top,  in  order  to  keep  the  piston  rod  parpdlel ;  K,  is  two 
oast  iron  plates  standing  on  edge,  to  allow  the  connecting  rod 
to  move  between  them,  and  to  support  (he  opright  oylinder; 


L,  L,  die  dieata  wbera  flw  Talves  are  placed  to  admit  the  air 
iDto  the  npright  cj^linder,  but  they  cannot  be  shewn  in  (be 
plate.  The  valves  in  the  taorisontal  cylinder  are  fixed  to  the 
wids  of  the  cylinder,  and  open  inwards  to  admit  the  air  into  it. 


M,M,  the  pedestals  for  tbe  cylinder  and  crank  to  be  tied 
upon  ;  N,  the  spring  beams  for  carrying  the  walking  bean ; 
O.  a  beam  to  go  across  the  house  to  support  the  spring  beams 
and  the  walking  beams. — Glaigotc  Meeh.  Mag. 

FoncE  furnace.  The  forge  furnace  consists  of  a  hearth, 
upon  which  a  fire  may  be  made,  and  ai^ed  by  (he  action  of  a 
large  pair  of  double  bellows,  the  nozzle  of  which  is  inserted 
through  a  wall  or  parapet  constmcted  for  that  purpose.  Black 
lead  pots,  or  small  furnaces  of  every  desired  form,  maybe 
placed,  as  occasions  require,  upon  tbe  hearth  ;  and  the  tulie  at 
the  bellows  being  inserted  into  a  hole  io  the  bottom  of  tbe 
furnace,  it  becomes  easy  <o  urge  tbe  heat  to  almost  any  degree 
required. 

FoKGF.  Hammer,  moved  by  steam.  We  shall  bere  preseat 
our  readers  with  a  recent  application  of  sieam  to  work  a  forge 
hammer,  which  from  the  engraving  and  description,  must  be 
easily  understood  by  all  persons  connected  with  iron  factories. 


Deieription.—\,  the  cylinder,  the  bottom,  «,  of  which  is  kept 
very  hot  by  (he  6re  in  the  stove,  S.  B,  the  beam,  libraiiiicM 
a  centre,  C.  D,  the  anvil.  E,  the  iron  to  he  forged.  F,F,P, 
the  foundation  or  floor  for  tbe  machine  to  rest  on.  O,  adsten, 
tilled  with  water  as  high  as  f,  and  the  remaining  part  with  ii(- 
H,  (lie  hammer.  I.  a  weight,  heavy  enough  to  lift  the  hamsHt. 
and  to  overcome  the  friction  of  the  machine.  K,  a  pair  cf 
smith's  bellows  invertad,  which  receives  motion  from  the  beas^ 
B,  by  means  of  tbe  connecting  rod,  Q.  L,  an  nprigbt  shaft, 
fastened  to  the  lop  of  the  cylinder,  A,  to  which  the  radios  rod 
of  the  parallel  motion,  P,  is  fixed.  R,  a  rod  to  let  water  inti 
the  cylinder,  move  (he  forcing  pump,  Z.  and  let  steam  oat  sf 
the  cylinder.  This  rod  has  a  bole  in  it  about  one-mghth  af  la 
inch  long ;  and  when  the  hammer  is  at  its  greatest  height,  u 
is  shewn  io  the  lignre,  this  rod  is  at  the  bottom;  tbe  hole,  a, 
comes  opposite  to  the  pipe,  p,  and  allows  the  water  Io  be 
forced  out  uf  the  cistern,  G,  into  the  cylinder.  A,  (which  is  nvte 
air-tight  at  top,  m,  and  rathe)  broader  in  the  inside,  to  allta 
the  water  to  pass  to  the  bottom,  a,)  which  is  immediately  eoa- 
verted  into  steam,  and  thus  gives  a  very  great  force  to  tha 
hammer.  This  rod  at  (be  same  time  shuts  the  communiestiia 
with  (he  atmosphere,  by  means  of  the  pins  »  z.  and  enak  t, 
more  fully  exhihUed  in  t%_.  3.  When  the  end.  Y,  of  the  beam 
is  at  the  top,  the  bottom  pin.  a,  lifts  up  the  craok,  t,  and  allows 
the  steam  to  pass  through  the  groove  g,  (which  is  made  in  the 
steel  cook,  eg.  exactly  to  the  centre,)  into  the  atmos^ere,  aad 
allows  the  piston  to  descend.  The  piston  of  (he  foniiiig  poaip, 
Z,  is  also  lifted  by  this  rod  by  (be  catch,/;  but  as  the  bes« 
descends,  it  does  not  force  down  the  piston,  but  lets  the  wei^^ 
»,  force  the  water  up  tbe  pipe,  T,  according  as  it  ia  conHvel 
«■>,  a  cock  for  stopping  the  engine. — Londmt  Meek.  MMg. 

FORGERY,  in  Common  Law,  the  fraudulent  makiag  ar 
aKcring  of  writing  to  tbe  prejudice  of  anotber  man's  right;  te 
which  tbe  ofleader  may  suffer  imprisonment,  banishiarat. 
death.  Forgeries  in  court  rolls,  wilts,  deeds,  bonds,  aeqait-  ' 
tances  of  debts,  are  all  felonies ;  in  bank  billa,  bills  of  oredi^ 
promissary  notes,  stamps,  Slc.  felonies  without  benefit  of  deify; 
aiding  and  abetting  in  any  forgery  of  a  de«d,  bond,  bill  if 
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exchange,  indorsemeDt,  atiignmeiit,  ko.  is  felooj  withoat  beneit 
ofcltrrjo*.    &Ve  Printing. 

FOKLORN  Hope,  io  the  MiliUry  art,  signifies  men 
detached  from  several  regiments,  or  otherwise  appointed,  to 
make  the  first  attack  in  day  of  battle,  or  at  a  siege  to  storm  the 
counterscarp,  mount  the  breach,  or  the  like.  They  are  so 
callod  frtini  the  great  danger  they  are  anatoidsbly  exposed  to. 

FORM,  Printer's,  an  assemblage  of  letters,  words,  and 
lines,  disposed  into  pages  by  the  compositor,  and  from  which 
the  printed  sheets  are  taken. 

FORMA  Pauperis,  in  Law,  is  when  any  person  having  cause 
of  suit,  and  cannot  support  the  charges,  upon  affidavit,  that  he 
Is  not  worth  five  pounds,  the  court  admits  him  to  sue  without 
fees  or  paying  costs. 

FORSIATIONS,  the  rocks  and  other  solid  arrangements  of 
matter,  of  which  the  globe  is  composed,  are  considered  by 
geologists  as  having  been  formed  at  different  times ;  and  hence 
thry  speak  of  older  and  later  formatioiit,  limestone  formations, 
sandstone  formations,  and  such  like. 

FORMIATES,  compounds  of  the  formic  acid  with  earths, 
alkalies,  and  metallic  oxides. 

FORMIC  Acid,  is  obtained  from  ants,  either  by  simple  dis- 
tillation, or  by  infusing  them  in  hot  water,  and  afterwards 
distilling.  It  may  afterwards  be  purified  by  repeated  rectifica- 
tion, or  it  may  be  done  in  the  time  of  frost.  This  acid  has 
been  employed  by  quacks  to  relieve  the  pain  of  the  toothache. 
ft  has  a  very  sour  taste,  and  remains  liquid  at  a  low  tempera- 
tnre.     Specific  gravity  at  e^  is  1116a 

FORMICA,  the  Ant,  a  well-known  insect  of  the  class  hyme* 
nopteitu  There  are  eighteen  species,  which  live  in  a  social 
state,  and  are  divided  into  males,  females,  and  nentrals.  These 
last  condoct  the  t>osiness  of  the  nest,  which  is  usually  placed 
at  a  little  distance  from  the  surface,  in  some  slight  elevation 
prepared  by  the  insects  themselves,  or  previously  formed  by 
moles,  &c.  Ants  feed  on  animal  and  vegetable  substances, 
devouring  caterpillars,  &c.  as  well  as  fruits. 

FORMULA,  or  Form,  in  Analysis,  is  any  general  theorem  or 
literal  expression,  and  is  said  to  be  algebraical,  logarithmic, 
trigonometrical,  &cc.  according  as  it  relates  to  cither  of  these 
subjects. 

FORNICATION,  the  act  of  incontinency  in  single  persons  ; 
for  if  either  party  be  married,  it  is  adultery.  The  spiritual 
court  bath  the  proper  cognizance  of  this  offence ;  but  formerly 
the  courts-leet  had  the  power  to  inquire  of  and  punish  forni- 
cation and  adultery ;  in  which  courts  the  king  had  a  fine 
assessed  on  the  offenders,  as  appears  by  the  book  of  doomsday. 

FORT,  a  small  fortified  place  environed  with  a  moat,  ram- 
part, and  parapet.  Forts  are  of  different  figures  and  magni- 
todes.  Some  are  fortified  with  bastions,  and  others  with  demi- 
bastions.     See  the  following  articles. 

FORTIFICATION,  a  species  of  Military  Architecture,  con- 
lists  of  the  planning  and  erecting  of  snim  works  of  defeooe, 
agreeably  to  geometrical  principles,  as  may  protect  a  town,  or 
any  position,  from  the  capture  of  an  enemy.  But  the  reader 
must  not  expect  here  to  find  a  treatise  on  each  branch  of  the  art. 
Confining  ourselves  to  facts  and  terms,  our  observations  will 
savour  more  of  definitions  than  rules  for  practice.  Fortification 
ii  usually  divided  into  ancient  and  modern ;  offensive  and 
defensive  ;  regular  and  irregular. 

Aneient  Fortification  consisted  principally  of  defences  eoi;- 
stnicted  with  trunks  and  branches  of  trees,  mixed  with  earth, 
for  security  against  the  attacks  of  an  enemy.  Afterwards, 
when  battering  rams,  catapults,  and  other  instruments  of  attack 
were  invented,  fortifications  were  constructed  of  thick  walls  of 
brirk  or  stone,  with  towers,  placed  at  suitable  distances. 

The  object  of  Modern  Fortification  is  to  furnish  defence 
against  assailants  with  fire-arms ;  the  walls  are  turned  into 
ranparts,  the  towers  into  bastions,  defended  by  numerous 
ovtvrorks,  so  constructed  that  they  cannot  be  beaten  down  but 
by  the  fire  of  cannon.  The  works  are  contrived  so.  that  one  part 
flanks  or  defends  another,  and  render  the  approach  of  the 
besiegers  to  any  part  very  dangerous. 

Rtyuimr  Fortifications,  are  erected  in  the  shape  of  regular 
polygons,  the  sides  beinir  nt  least  a  musket-shot  from  each 
other,  and  fortified  according  to  the  rules  of  art.  See  Bastion. 
—  IrrtfmUr  FortiJicmtioM^  on  the  contrary,  are  those  whose 
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sides  and  angles  are  not  aaiform,  owing  to  some  IrregnlaHty 
of  the  ground.    These  asoally  occur  in 

Field  Fortijicatiom^  or  the  constructing  of  temporary  works  for 
an  army  intrenched,  or  fortified  in  the  field.  In  this  position 
it  covers  a  country,  supplies  the  want  of  numbers,  stops  a 
superior  enemy,  or  obliges  him  to  engage  at  a  disadvantage. 
The  materials  used  for  field  fortifications,  are  snch  as  can  be 
readily  obtained,  vt^.  sand  bags,  earth,  and  fascines,  or  fagots 
of  small  wood,  ten  feet  long  and  one  foot  thick,  fastened  to  the 
parapet  by  pickets  driven  obliquely  into  the  bank.  Turf  is 
sometimes  used  when  wood  cannot  be  procured,  being  foar 
inches  thick  and  eighteen  inches  square.  Bridges  of  boats  are 
employed  for  facilitating  the  transport  of  troops  across  deep 
rivers,  and  arms  or  straits  of  the  sea.    See  Bastion. 

A  new  method  of  Defending  Ships  and  Fortifications  against 
Cannon-balls,  and  of  causing  them  to  fly  back  again  on  the 
Enemy.    By  Lewis  Gompertz,  Esq. 

Having  made  some  experiments  on  a  plan  which  I  had 
designed,  for  rendering  ships  and  fortifications  shot-proof,  and 
of  causing  several  of  the  balls  which  might  be  fired  against 
them,  to  return  upon  the  enemy ;  and  having  found  my  experi- 
ments (which  were  on  a  small  scale)  to  answer  my  expec- 
tations, I  have  here  to  explain  the  nature  of  the  plan,  with  the 
hopes  that  it  may  be  farther  oooaidered  bv  those,  whose  scien- 
tific and  practical  information  qualify  them  for  judging  how 
far  it  might  succeed  on  a  large  scale. 

But  before  I  enter  into  this  desoriptloo,  I  think  it  proper  to 
observe,  that  the  chief  utility  it  may  promise,  is  in  its  appli- 
cation to  merchant  vessels,  ships  of  passage,  &c.  and  for 
fortifications ;  but  for  ships  of  war  (as  It  conld  be  adopted  bT 
both  parties)  its  effect  would  become  nnUralized,  though  U 
seems,  that  even  in  this  case  it  wookl  save  the  men  from 
injury,  and  would  always  be  in  favour  of  Uie  weak  and  defen* 
sive  side,  its  nature  being  that  of  defending  itself,  and  return- 
ing the  blows,  bot  without  any  power  of  attacking,  unlets 
furnished  with  guns  also. 

Figs.  4  and  5,  shew  two  views  of  a  ship  made  on  the  plan; 
fig.  3,  is  a  section  of  a  side  drawn  larger;  the  form  of  it  being 
apparent  by  the  drawing.  In  the  three  figures,  3.  4,  and  5,  the 
same  letters  refer  to  the  same  parts.  N  W  A  L  is  a  concave 
curve  to  return  the  balls  which  strike  it,  and  P  C  O  is  a  trian- 
gular piece  (extending  beyond  N  M  and  L  K)  which  goes  all 
round  the  ship,  to  protect  the  most  perpendicular  part  of  the 
curve  W  A  from  being  struck  directly,  (otherwise  it  would  be 
easily  perforated,)  and  which  triangular  piece,  on  being  struck 
somewhat  horizontally,  evades  the  balls,  and  guides  them  pro- 
perly to  the  return  part  N  \V  A  L,  so  that  they  follow  the  shape 
of  it,  and  return.  The  part  N  M  above  the  curve  where  the 
port-holes  are,  and  the  part  LK  Q  below  it,  arc  made  obliooe, 
to  evade  those  balls  which  strike  them,  the  part  N  M  senaing 
them  onwards,  and  the  part  LKQ  directing  them  into  tbe 
water,  ttiouKh  it  must  be  confessed,  that  some  of  the  former 
would  thereby  occasionally  be  thrown  into  the  rigging.  There 
are  a  number  of  supports  shew  n  near  P.  fig.  4,  and  also  faintly 
expressed  in  fig.  5,  which  fasten  the  triangular  piece  to  the 
ship,  and  the  more  acute  the  outward  angle  is,  the  less  force 
will  it  generally  be  struck  with. 

Fig.  I,  is  also  a  section  of  a  side  of  a  different  construction, 
but  inferior,  and  less  applicable ;  though,  being  more  simple, 
and  on  nearly  the  same  principles,  I  will  describe  the  nature 
of  that  first,  or  rather  both  together,  the  same  reasoning  apply- 
ing to  each.  B  C  is  the  side  forming  an  acute  angle  with  the 
water,  and  extending  some  way  under  the  water,  but  not  far, 
as  balls  do  not  generallv  penetrate  that  part  of  a  ship  which  is 
far  below  the  surface  of  the  water.  S  T  is  a  board  placed  as 
shewn,  shaded,  so  that  there  shall  exist  a  vacancy  between  itself 
and  the  side  of  the  ship  ;  this  vacancy  grows  pn>gressively  less 
upwards,  till  there  is  only  room  left  for  a  ball  to  pass ;  and  the 
board  is  fastened  by  different  supports  In  places  to  the  ship, 
but  these  are  not  put  in  this  figure,  as  they  would  hide  the 
operation.  The  part  W  is  so  curved  as  to  return  the  balls 
after  they  have  struck  the  inclined  part,  but  as  ta  this  am- 
stmetion  the  return  part  might  be  struck  by  balls  coming 
directly  against  it,  without  their  having  struck  the  inclined 
part,  it  might  be  required  to  make  the  most  perpendicular 
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place  of  It  Dear  P,  itrODK  enoD^  to  rttiit  the  balla,  this  por- 
tion or  the  corro  being  fcrj  small.  The  efleoti  then  will  varj 
in  different  cases,  and  will  depend  on  the  Iiar4ne$i,  and  oo  the 
tUtliritv,  of  the  tDBterial  of  the  side  of  the  ship,  and  of  the 
ball;  also  od  ibe  form  witb  wbicb  the  balls  aie  fired.  The 
foltowlng  Teiolts.  it  seems,  would  then  be  produced  : — 

Ctut  1.  If  the  ball  and  llia  side  were  perfecllj  elastic,  and  of 
sufficient  hardneBs  not  to  be  brolien,  or  if  onig  the  side  were 

Eerfectlj  elastic,  then,  iccordins  to  the. established  law,  the 
all  would  be  reflected  backwards  and  forwards  in  hg.  1, 
between  the  side  C  B  and  board  S  T,  and  in  Gg.  3,  between  I C 

Fig.  4. 


and  I H,  at  eqaianKles,  ftod  wooM  not  follow  (he  shape  of  the 
curTC;  and  If  the  force  of  the  ball  should  mot  be  too  moch 
destrojed  by  the  operation,  it  would  Bt  last  be  reflected  off. 
though  roost  likely  not  in  a  proper  direction  to  reach  the 
enemy. 

2dl]'.  If  neither  the  side  nor  the  ball  ihonld  possess  anjr 
elasticity,  and  the  side  were  perfectly  bard,  whether  tbe  ball 
should  be  haid,  or  whether  it  should  be  soft,  (so  as  to'iadeiit,) 
it  would  be  turned  out  of  the  direction,  and  would  io  fig.  I,  if 
iilruck  at  H,  proceed  up  the  inclined  side  B  C,  then  following 
the  shape  of  the  curve  W,  (the  motion  of  the  centre  bein| 

Fig.  6. 


__._  n  doited  at  I P  Q,)  and  it  would  then  return  to  z  i  and  In 
ig.  3,  if  it  should  strike  at  H,  it  would  proceed  in  the  direction 
of  the  whole  shape  N  W  A  L,  (the  motion  of  the  centres  being 
shewn  dotted  at  H  I J  R,)  and  it  would  return  as  the  arrows 
point;  but  if,  in  fig.  I,  it  should  strike  at  V,  or  in  lig.  3,  at  G, 
tbe  respective  balls  would,  after  sliding  or  rolling  np  the  boards 
TS  G|.  1,  and  I  C.  fig.  3,  strike  each  of  the  curves  in  such  a 
direction  as  to  follow  their  shapes  and  return,  without  any 
reteetiDn  taking  plaee ;  and  in  fig.  3,  those  balli  which  enUrcd 
at  G  would  return  at  z,  and  vice  rn-fS. 

Case  2.  If  the  fores  of  the  ball  K,  fig.  1,  should  only  be  so  far 
evaded  by  the  incUaation  of  the  side,  as  to  penetrate  to  about 
half  the  depth  of  iu  own  use  or  leas,  (shewn  large  at  zjr,  fig.  3,} 


r?.2. 

snd  if  there  were  no  elasticity  in  the  substances,  there  woeM. 
it  seems,  then  arise  a  great  force  to  repel  tbe  ball  beyond  what 
is  iramediately  caused  by  the  iaclinalion  of  the  side,  «■ 
account  of  tbe  rotary  motion  the  hall  would  have  acquired  by 
its  action  against  the  inside  of  the  indentation;  ihen-soppese 
B  A  H  Q.  fig.  3.  be  a  section  of  a  ball  going  nearly  in  aj>ar>Uel 
direction  CB,  and  suppose  IKLQ  be  the  indentatioa,  in 
which  place  we  will  fancy  the  substance  of  the  side  to  be  to 
hard  as  not  to  give  way  any  more :  the  effect,  it  seems,  weald 
then  be,  that  the  centre  of  the  ball  B  would  brgin  to  deaeribe 
part  of  a  circle  II  N,  about  the  centre  I,  (the  point  where  the 
indentation  and  the  remainder  of  the  side  meet,  and  of  tbe 
Bise  of  the  ball  itself.)  Then,  if  the  indentation  shoald  be  deep 
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and  the  Telocity  icreat,  the  ball  would  be  foreed  completely  out 
of  it,  and  0y  far  above  the  top  of  the  nhip,  because  the  part  of 
the  circle  B  N  which  the  centre  B  of  the  ball  would  f^im  to 
detcribe,  would  be  nearly  perpendicular  to  the  side  S  1>,  and 
as  there  would  be  nutliiui(  to  chani^e  the  direction  of  the  ball 
after  it  lind  once  acquired  this  new  motion,  it  would  fly  off  in 
the  direction  of  the  most  perpendicular  part  of  the  circle  B  N, 
mod  continue  in  this  direction,  though  not  of  the  continued 
circle  UN,  but  in  a  Htraig^ht  line  BR;  if,  however,  the  inden- 
tation should  be  small,  the  line  BR  would  be  more  nearW 
parallel  to  the  side  S  1),  in  which  case,  the  motion  of  the  ball 
would  not  he  cau.sed  to  difl'er  so  much  from  the  direction  of 
the  side,  but  that  it  mi|](ht  strike  the  flat  board  T  S,  fi%.  1,  in  a 
direction  K  V,  which  would  prevent  it  from  flying:  away,  and 
direct  it  to  the  side  a<;ain,  so  that  it  followed  the  return  part 
and  flew  back  again,  after  having  been  reflected  backwards 
and  forwards  (not  by  means  of  any  elasticity,)  but  by  the  re- 
action of  the  inside  surface  of  the  indentation  against  the  ball, 
as  before  described  ;  and  as  there  would  be  a  loss  of  force  at 
every  blow,  each  indentation  would  be  less  than  the  preceding 
one,  and  each  angle  of  reflection  would  be  more  obtuse,  as  is 
shewn  in  fig.  3,  till  the  bail  arrived  at  the  return  part  W  A,  so 
as  to  follow  the  shape  of  it,  ceasing  sensibly  to  rebound  when 
the  indentation  ceased  sensibly  to  take  place ;  hut  as  the  inden- 
tation and  point,  I,  would  not  be  so  hard  as  assumed,  the  effect 
would  not  be  exactly  as  described ;  though,  as  there  would  be  a 
continual  tendency  for  it  to  be  so,  according  to  the  hardness  of 
the  side,  it  would  be  produced  to  a  certain  degree,  and  the  ball 
would  accordingly  continnally  widen  the  indentation,  and  come 
out  at  some  other  point  T,  instead  of  I,  fig.  2 ;  and  as  the  new 
direction  would,  by  the  yielding  of  the  substance,  be  less  per- 
|>eodicular  than  when  the  material  was  extremely  ha/'d,  the 
ball  would  be  the  more  inclined  to  follow  the  curvature  of  the 
side,  and  to  return,  and  the  less  inclined  to  fly  over  the  top  of 
the  ship,  as  the  angles  of  reflection  would  thereby  become  still 
more  obtuse  every  time  that  the  indentations  it  would  produce 
in  its  course  would  widen,  as  just  alluded  to. 

It  seems  that  the  tendency  of  being  reflected  by  the  reaction 
of  the  indentation  would  exist,  in  some  degree,  till  the  ball  was 
eompletely  buried,  allowing  the  material  of  the  side  of  the  ship 
to  be  as  deep  as  the  ball ;  because,  suppose  the  ball  be  par- 
tially buried  to  H  M,  fig.  2,  (above  the  diameter,)  and  allowing 
even  that  it  should  still  be  as  much  inclined  to  go  in  its  original 
direction  C  B  as  it  was  at  first,  (though  it  is  evident,  that  it 
must  have  acquired  some  tendency  to  alter  its  direction,  by  the 
blow,  &c. ;)  then,  to  see  this  clearly,  to  the  diameter  xy, 
which  is  parallel  to  the  side  of  the  ship,  draw  another  diameter 
V  K,  perpendicular  to  it.  It  will  then  be  obvious,  that  as  the 
ball  continued  to  penetrate,  it  would  be  opposed  at  its  whole 
buried  surface  II  K,  and  it  is  also  plain  that  if  the  resistance 
to  the  part  of  the  ball  between  x  and  K  tended  to  press  the 
ball  upwards,  that  resistance  above  this  line  between  x  and  V 
would  tend  to  bury  it  still  deeper ;  but  as  the  whole  of  the  arc 
r  K  would  be  greater  than  part  of  the  arc  x  V,  (U  V  being  by 
hypothesis  unburicd,)  arc  x  V  would  always  cause  most  resist- 
ance; there  would  consequently  be  more  than  a  balance  of  force 
to  press  it  upwards,  which  would  exist  till  the  ball  was  wholly 
buried,  but  would  then  cease. 

But,  both  in  this  case  and  in  case  I,  the  ball  is  inclined  to 
twu  modes  of  acting,  cither  in  goin?  up  the  side,  or  out  of  the 
indentation ;  that  is,  by  rolling  or  sliding,  both  of  which  would 
rob  the  ball  of  some  of  its  force,  by  the  friction  produced,  but 
the  less  should  be  the  impediments  which  cause  friction,  the 
niore  would  it  be  inclined  to  slide,  and  the  more  of  them  there 
aboold  be,  the  more  would  it  be  inclined  to  roll,  in  its  course, 
bot  even  this  would  aUo  rob  the  ball  of  some  of  its  progressive 
force,  and  would  be  partly  spent  in  giving  a  new  motion  (of 
rotation)  to  it,  which  would  assist  it  to  roll  up  the  side  of  the 
abip,  or  to  roll  out  of  the  indentation ;  but  it  must  be  particu- 
larly observed,  that  either  the  rotary  motion  of  the  ball,  or  the 
•etioo  of  its  curved  surface  in  sliding,  would  tend  to  force  the 
centre  of  the  ball  out  of  the  indentation  in  the  same  manner,  as 
it  is  easily  to  be  perceived  that  the  centre  would  describe  the 
same  curve,  if  it  were  to  roll  or  to  slide. 

It  is  moreover  evident,  that  this  power  of  turning  the  ball 
its  direction,  would  be  added  to  thmt  derived  immediately 


from  the  obliquity  of  the  side,  though  this  wonid  be  the  eaosa 
of  it  all,  or,  in  other  words,  the  efl'ect  would  be  different  (what- 
ever was  the  hardness  of  the  side)  from  what  it  would  be  if  the 
ball  were  a  mere  point  or  flat  body,  acting  against  another  flat 
oblique  surface  or  indentation. 

Case  3.  If  the  force  should  be  so  great  that  the  ball  entirely 
buried  itself,  there  would  even  then  be  two  circumstances  ia 
favour  of  this  construction ;  first,  that  the  ball  would  have  u 
perforate  through  a  pnreater  substance  than  if  the  side  were 

Eerpendicular  to  the  motion,  the  distance  of  which  is  shewn  at 
[  E  fig.  I,  and  the  oblique  distance  shewn  at  II  O ;  and 
secondly,  because  the  change  of  motion  which  would  take 
place  before  the  ball  was  quite  buried,  (as  above  described,) 
would  still  farther  increase  the  length  of  substance  to  be  per- 
forated by  it,  and  the  course  of  the  ball  might  be  so  much 
changed,  that  it  should  (after  it  was  quite  sunk)  ha«e  to  per- 
forate the  side  through  the  remainder  of  its  length  upwards^ 
instead  of  through  its  direct  thickness. 

It  would  be  possible,  however,  for  the  balls  to  come  in  a 
perpendicular  direction  to  the  side,  and  to  go  through  it 
directly,  but  it  is  improbable  that  this  should  frequently  be 
the  case ;  and  it  seems  that  it  would  be  less  likely  to  happen  if 
it  were  fired  at  from  a  short  distance,  than  from  a  great  one, 
as  then  only  a  moderate  elevation  of  the  guns  would  be  re. 
quired,  whereas,  when  the  distanee  was  small,  the  elevation 
would  become  so  great,  that  it  would  be  extremely  difficult  to 
take  an  aim  ao  that  the  baIN  should  come  down  upon  it. 

Neither  of  the  cases,  however,  would  altogether  exist  as 
described ;  but,  as  all  substances  possess  a  certain  degree  of 
hardness  and  elasticity,  there  would  be  a  mixed  effect  pro- 
duced, though  I  do  not  conceive  the  elasticity  of  wood  to  be 
sufficiently  great  to  alter  the  rases  materially ;  the  results 
would  therefore,  it  appears,  be  nearly  as  stated  when  the  elas- 
ticity was  not  supposed  to  exist,  but  with  some  very  sensible 
difference. 

Since  having  made  the  preceding  observations,  I  have  tried 
the  experiments  relative  to  them  on  a  small  scale,  and  have 
found  them  precisely  according  to  my  ideas.  The  side,  fig  1, 
was  represented  by  a  deml  board,  three-eighths  of  an  iuch  thick, 
the  return  part  W  was  of  plate-iron,  and  the  inside  of  th« 
board  ST  was  (perhaps  improperly)  coated  with  iron,  the 
bullets  were  of  lead,  and  about  one-third  part  of  the  weight  of 
a  musket  ball,  and  they  were  fired  from  a  blunderbuss  well 
charged ;  they  made  very  slight  long  dents,  not  one-eighth  inch 
deep  in  the  deal,  and  when  the  additional  board  T  S  was  not 
used,  they  flew  upwards,  and  perforated  the  iron  return  part  W; 
but  when  the  board  T  S  was  added,  they  each  made  a  dent 
also,  near  the  narrow  part  I,  and  followed  the  return  part  W; 
and  then  they  returned  against  a  deal  board  placed  benind  the 
stock  of  the  blunderbuss,  and  left  moderately  deep  impressions 
on  it. 

I  also  made  experiments  on  the  plan  of  figs.  3,  4,  and  6, 
though  on  a  still  smaller  scale,  and  on  a  deal  model,  but  with 
the  same  accordant  results  to  the  remarks  I  have  made. 

A  thin  coating  of  iron,  on  a  wooden  side,  would  not,  I 
presume,  be  advantageous,  as  the  iron  would  bend  away  from 
that  part  of  the  ball  with  which  it  should  be  in  absolute  con- 
tact, and  the  ball  would  then  be  improperly  directed :  there- 
fore, whatever  substance  is  employed,  it  should  be  of  such  n 
nature  as  to  fit  the  ball  as  it  goes,  and  the  grain  of  the  wood 
of  which  the  side.  kc.  is  made,  should  be  in  the  direction  of 
the  motion  of  the  ball,  not  transverse. 

It  is  scarcely  necessary  to  notice,  that  if  the  object  of  return- 
ing the  ball  be  dispensed  with,  the  side  may  simply  be  formed 
into  a  triangle  C  O  F,  figs.  3,  4.  and  5,  without  the  concave 
part  N  W  A  L;  and,  in  fig.  I,  without  the  return  part  W,  and 
board  TS,  though  the  balls  would  be  thrown  more  into  the 
rigicing  by  this  means. 

The  lower  part  L  should,  perhaps,  rather  bend  upwards,  to 
cause  the  balls  to  fly  a  little  upwards  in  returning,  because 
those  which  come  against  the  side  H,  fi;;s.  3,  4.  and  A.  will  not 
only  be  lowered  the  whole  distance  between  II  and  L.  but  as 
they  will  return  rather  more  slowly  than  they  came,  they  will 
also  be  attracted  downwards  with  more  force  by  the  p<iwer  of 
gravity.  The  curve  will  likewise  be  more  effective,  if  made 
smaller  at  the  entry  N  L,  than  at  the  other  part  W  A.    1  have 
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also  to  add,  that  a  coating  of  grease  on  the  side,  &c.  is,  it 
seems,  of  service. 

Bat,  I  am  fully  aware,  that  however  the  experiments  might 
have  SQcceeded  in  miniature,  the  great  force  of  a  cannon-hall 
might  defy  them  all,  though  it  is  known  that  slight  obstructions 
affect  their  motion,  when  opposed  to  them  ohliquely.  It  also 
remains  to  be  further  tried,  whether  the  balls  would  be  re- 
turned with  sufficient  force. 

Any  person  repeating  these  experiments,  should  (in  order  to 
avoid  danger)  stand  at  the  side  of  the  gun,  at  a  great  distance, 
and  tie  a  string  to  the  trigger,  and  of  course  must  not  place 
himself  either  behind  or  before  it. 

These  observations  are  meant  also  to  apply  to  fortifications, 
where,  it  seems,  that  the  plan  would  be  as  effectual,  or  more 
so,  than  for  ships. 

FORTIN,  FoKTRET,  or  Field  Fort ^  a  sconce  or  little  fort, 
whose  flanked  angles  are  generally  distant  from  one  another 
120  fathoms. 

FOSS,  in  Fortification,  a  hollow  place,  commonly  full  of 
water,  lying  between  the  scarp  and  counterscarp,  below  the 
rampart ;  and  turning  round  a  fortified  place,  or  a  post  that  is 
to  be  defended. 

Foss  Way,  one  of  the  four  principal  highways  of  England, 
that  anciently  led  through  the  kingdom,  supposed  to  be  made 
by  the  Romans,  having  a  ditch  upon  one  side. 

FOSSIL,  in  Natural  History,  any  thing  dug  out  of  the  earth ; 
and  therefore  fossils  may  benative  or  extraneous:  the  former  shew 
no  traces  of  organization ;  the  latter  are  the  remains  of  the  vege- 
table and  animal  kingdoms  ;  and  these  fossils  are  bones,  shells, 
trees,  leaves,  &c.  Numerous  opinions  are  entertained  of  these 
organic  remains ;  some  authors  maintaining  that  they  are  real 
atones,  and  stone  plants,  or  bones ;  others,  that  they  have  been 
buried  where  they  are  now  found,  at  the  universal  deluge. 
This  seems  the  most  natural  opinion  ;  for,  in  the  tremendous 
convulsion  of  the  whole  mass  of  earth  at  the  deluge,  there  is 
grreat  reason  to  suppose  that  the  various  strata  would  range 
themselves  according  to  their  specific  gravity,  and  bury  in  one 
general  intermixture,  earths,  rocks,  plants,  quadrupeds,  fishes, 
birds,  and  preserve  them  as  we  now  find  them,  or  at  least  give 
them  those  impressions  they  retain. 

F0THERIN6,  a  peculiar  method  of  endeavouring  to  stop  a 
leak  in  the  bottom  of  a  ship,  while  she  is  afloat  either  at  sea  or 
at  anchor,  which  is  performed  by  fastening  a  sail  at  the  four 
corners,  letting  it  down  under  the  ship  s  bottom,  and  then 
putting  a  quantity  of  chopped  rope  yarn,  oakum,  wool,  cotton, 
&c.  between  it  and  the  ship's  side ;  by  repeating  the  latter  part 
of  this  operation  several  times,  the  leak  generally  sucks  in  a 
portion  of  the  loose  stuff,  and  thereby  becomes  partly  and 
sometimes  wholly  stopped.  Some  persons  prefer  thrumming 
the  sail,  instead  of  letting  down  the  loose  stuff,  but  in  this 
mode  the  sail  is  soon  chafed  through  by  the  hole,  if  the  leak  is 
considerable,  without  affording  sufficient  substance  to  stop  it. 

FOUL,  a  sea  phrase,  that  is  used  in  distinction  to  deai^  and 
implies  entangled,  embarrassed.  Hence,  Foul  Anchor,  when 
the  cable  is  twisted  round  the  stock  and  flukes.  Foul  Bottom, 
when  a  bay  is  covered  with  weeds,  grass,  shells,  filth,  and 
rocks.  Foul  Hawse,  means  that  the  cables  are  turned  round 
each  other,  by  the  ship  having  swung  the  wrong  way  when 
moored.  Foul  Rope,  a  rope  entangled  and  unfit  for  immediate 
nse.  Foul  Water,  is  water  troubled  and  rendered  turbid  by  the 
•hip's  bottom  rubbing  on  the  ground.  Foul  Wind,  is  used  to 
express  that  the  wind  is  unfavourable,  or  contrary  to  the  ship's 
course,  as  opposed  to  large  or  fair. 

FOUNDATION,  in  Architecture,  is  that  part  of  a  building 
which  is  under  ground,  and  which  Palladio  makes  as  deep  as 
one-fourth  part  the  height  of  the  whole  building,  unless  there 
be  cellars,  when  it  may  be  somewhat  lower. 

Foundation,  in  ecclesiastical  or  political  matters,  is  a  dona- 
tion Or  legacy  in  money  or  lands,  for  the  maintenance  or  sup- 
port of  some  charitable  institution,  as  a  hospital,  a  school,  &c. 

FOUNDER,  To,  to  sink  or  go  down.  The  fatal  situation  of 
a  ship  which  is  no  longer  able  to  keep  above  water,  throug:h 
accident,  or  the  violence  and  continuation  of  a  storm  and  the 
excess  of  the  leaks,  that  fill  her  with  water. 

FouN*DER,  an  artist  who  casts  metals  in  various  forms,  for 
different  uses,  as  gans,  bells,  statues,  printing  characters,  &c. 


FOUNDRY,  the  place  or  art  of  casting  all  sorts  of  metals, 
as,  a  belt  foundry,  type  foundry,  &c.   In  casting  types  or  letters, 
the  two  things  principally  to  be  regarded,  are  the  matter  and 
the  matrices.     The  matter  is  a  compound  metal,  partly  copper, 
and  partly  lead,  mixed  in  a  certain  proportion,  which  every 
letter-founder  regulates  at  his  own  discretion,  to  ^s  be  adds 
a  quantity  of  other  metal,  to  render  the  composition  harder. 
The  matrices  of  the  letters  are  pieces  of  copper  about  l|ineli 
long,  on  which  the  impression   of  the  intended  character  has 
been  cut,  or  struck  by  puncheons,  &c.  graven  in  relievo.    Eaefc 
letter  has  its  proper   matrix:  there   are  particular  ones  for 
points,   figures,  rules,  head-pieces,  and    other   ornaments  of 
printing ;  the  quadrats,  being  only  of  lead,  and  not  intended 
to  leave  any  impression,  are  cast  in  moulds  without  matrices; 
each  matrice  has  its  puncheon  of  steel,  well-tempered.    The 
matrices  being  struck,  are  put  each  at  the  end  of  an  ironmonld 
enclosed  between  two  thin  pieces  of  boards,  three  inches  square; 
the  two  upper  angles  being  cut  off,  so  as  to  compose  an  irre- 
regular  hexagon.     Every  thing  belonging  to  the  mould  beisf 
disposed,  the  workmen  begin  to  prepare  the    matter.     The 
furnace,  whereon  the  bason  is  placed  for  the  metal  to  be  melted 
in,  is  made  of  the  same  materials  as  crucibles.  Over  the  furnace 
is  placed  the  melting  bason,  or  copper ;  divided  into  two  equal 
parts,  by  a  perpendicular  partition,  to  melt  either  hard  or  soft 
metal.     In  this  bason  they  melt  only  the  matter  already  pre- 
pared ;  that  is,  the  mixture  or  composition  made  in  the  cruci- 
bles. A  small  iron  ladle  serves  to  skim  off  from  the  melted  metal 
the  impurities,  which  are  melted  over  again.    Two  workmen 
are  employed  at  each  furnace ;  they  have  a  table  on  which  they 
lay  the  characters  as  soon  as  they  are  cast;  to  run  the  metal 
into  the  mould,  the  founder  holds  in  his  ladle  just  enough  for 
one  letter.     Having  filled  this  ladle,  he  pours  the  metal  throafch 
a  funnel,  into  the  matrix  or  character.     He  then  opens  the 
mould,  and  takes  out  the  character ;  and  without  loss  of  time 
shuts  it  again,  replaces  the  matrix,  and  casts  a  new  letter. 
It  is  incredible  with  what  expedition  all  this  is  done.     The  letter 
being  cast,  the  workman  views  it  before  he  breaks  off  the  jet, 
to  see  whether  it  be  perfect,  otherwise  he  throws  it  among 
the  refuse  of  the  fount. 

When  the  letters  are  composed,  they  remain  to  be  juttifiei, 
which  is  a  very  delicate  operation,  that  embraces  their  heia; 
polished  and  squared  by  boys,  and  finished  by  the  most  eipert 
workmen  in  the  buisness.  But  it  would  exceed  our  limits 
to  enter  upon  all  the  stages  of  this  complicated  operation  here. 

The  excellence  of  types  consists  not  only  in  the  due  per- 
formance of  all  the  operations  connected  with  their  manufacture, 
but  also  in  the  hardness  of  the  metal,  the  form  and  fine  propor- 
tion of  the  character,  and  in  the  exact  bearing  and  ranging  of 
the  letters  in  relation  to  one  another.  The  smallest  types  are 
cast  from  an  alloy  of  25  parts  of  the  regulus  of  antimony,  and  76 
of  lead  ;  the  larger,  15  of  antimony,  and  85  of  lead. 

There  are  about  twenty  different  sizes  of  types  in  general 
use,  all  of  which  are  cast  in  moulds  and  matrices,  besides 
several  larger  sorts,  which  are  cast  from  patterns  in  sand. 
The  following  table  gives  the  designation  of  the  twenty  siaei 
alluded  to,  and  the  spaces  they  occupy  in  printing.  They  are 
sold  to  the  printers  by  the  pound  ;  the  smallest  being  about  \% 
shillings  and  the  largest  about  2s.  2d.  per  lb. 


Lraes  to  each  Foot. 

Diamond  type  contains . .  204 

Peari 178 

Nonpareil, 143 

Minion, 128 

Brevier, 112i 

Bourgeois, 102 

Long  Primer, .89 

Small  Pica, 83 

Pica 71J 

English, 64 


Lhiw  to  Mdi  Tool 

Great  Primer  contains  . .  51 

Paragon, 4i| 

Double  Pica, 4I| 

2  line  Pica 85| 

2  line  English 8S 

2  line  Great  Primer, S5i 

2  line  Double  Pica, 9(^ 

Canons, 18 

4IinePica, 17| 

5  line  Pica, 14* 


By  (he  common  method  of  type  founding,  only  a  single  letter 
is  cast  at  a  time,  and  the  operation  has  been  nearly  the  sasw 
for  seventy  years.  A  scheme  was  however  set  on  foot  about 
seventeen  years  ago,  to  enable  the  founder  to  cast  a  great 
number  of  letters  at  one  time,  thirty,  or  more,  but  it  was  not 
carried  into  practice  by  any  of  the  founders.  About  the  same 
time.  Monsieur  Didot,  assisted  by  Mr.  Donkin,  the  eogiMci't 
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Boaitnietod  ■  naebJQe  for  a  ainilar  pnipoM  ;  whicb  was  alio 
iatendcd  to  petfom  «U  Ibe  oparaliou  of  Uw  woik,  bj  tba 
^uiilance  of  «  boy  onlj. 

The  in? eolioD  wbich  we  bare  now  to  detcribe,  ia  an  iraproTO- 
B«Dt  bj  Didot.  upon  hii  fonaer  higbly  iDKcoious  machine,  now 
rendered  capmble  of  oaating  200  Ijrpea  at  once,  and  to  repeal 
tko  operation  two  or  three  limes  id  a  minole.  A  patent  for 
tkia  eouniry  haj  been  uken  oat  bj  Mr.  J.  L.  Poacbie.  who 
••tabUabed  a  tjpe  fonndr;  in  Little  Qucen-atreet,  Molborn, 
vbere  the  macbinerj  wa*  for  *ome  time  in  fnJI  and  lUoocMful 
operalioD. 

The  number  ofdrawiafi  which  accompany  the  ipeolficalioD  of 
Ihii  patent  obligei  n*  to  aelect  tach  poriiona  only  at  maj  best 
give  a  JDSt  Idea  of  its  eonatrnclion,  and  we  have  for  the  Mme 
reaMH)  tbrowo  the  aide  fiews  into  perspeetiTC,  whiob  eshibita 
the  ■nacbine  entire,  a*  at  fl^.  1.  Fig  2  repreienU  one  ride  of 
thvnaoold  aeparatod  into ita oomponent  parts.  Fife.  3  i*  a  fee> 
tiMi  of  Ibo  aBieral  bara,  ooapoaias  both  fides  of  the  mould. 


Fiy.  1. 


Pig.  4.  exhibits  a  plan  of 
the  same,  fiUed  into,  and 
■Dcompaated  by  a  frame  of 
Iroa,  a  boriioolal  and  per- 
■pectiTe  view  of  wbich  's 
RivcB  at  Sf.  1.  Tbe  sane 
letters  refer  to  the  tame 
^rla  in  each  of  the  Bjcnres. 

■  6k.  3,  I*  a  steel  bar, 
with  horizontal  grootei.  in 
wbieb  are  formed  tbe  bodies 
•f  the  tf  pet ;  ft  6  it  tbe  bar 
wbtch  hold*  the  matrices 
r  r.  each  uf  whldi  is  U- 
nmiced  opposite  to  its  re- 
ipaetive  icrooie  in  the  bar 
«,  to  wbich  it  ia  screwed 
litat :  tbe  bar  d  it  tben 
■ervwed  down  to  the  bar  t, 
which  holds  tbe  matrices  ee  flrmljr  In  their  plaeet.  Tho  bar  * 
is  BCKt  laid  npon  the  bar  a,  which  covers  the  pttovet.  and 
fonn  the  opper  aides  of  the  sqnare  recesses,  sliewn  alto  at  «  «, 
§g,  ti—fit  the  break-bar,  and  Is  placed  in  front  of  the  bar  a: 
a  aeries  of  small  nicks  or  openioics  are  made  in  this  bar,  throD|[h 
wUeb  tho  Sold  metal  putea  into  the  frooTca  and  malrioec, 
35. 


where  the  bod;  and  letter  of  tbe  type  It  east;  the  (ctootps  are 
doted  by  the  ipacei  between  the  nicks  ofthe  break-bar  coming 
a){*iB>t  them  and  forming  the  feet  of  the  typct.  The  bar^  It 
laid  opoD  the  break-bar  as  a  cover  to  it,  and  tbe  «  hole  sis  bara 
thus  combined  form  one  side,  or  one  half  of  a  pair  of  moalds, 
shewn  in  section,  6%,  3.  This  section  likewise  eibibitt  tbe  form 
ofthe  apertures  through  which  the  fluid  metal  has  to  pass  Into 
the  groove*  snd  matrices ;  A  is  a  receptacle  between  the 
mouldi  for  the  Bald  metal,  previous  to  its  being  forced  into 
the  mooldt,  as  we  shall  presrolly  discrlbe. 

Ia  preparinK  the  ninultls  for  caslinc,  the  several  bsrs  com- 

Cosing  them  arc  connccird  together  at  befoie  mrotiooed,  and, 
lid  upon  a  solid  metallic  bed  upon  the  tabic  k  k,  as  shewn  at 
fig.  4 ;  tbe  aidet  of  the  iron  frame  /  I,  which  turn  upon  joints, 
are  then  broogfat  to  bear  sideways  against  tbe  mnalds :  the  top 
piece  m.  which  also  turns  npon  a  juioi,  is  broujthi  down  over 
the  mould  bari,  which  it  firmly  secures,  by  briniting  the  looped 
part  oflbeswini-Ing  lever  a  ibewnal  Bg.  1,  over  the  end  of  tho 
top  piece  m  ;  which  is  effected  by  the  aid  ofthe  band  lever  p, 
forcing  the  fongne  o  against  the  lower  end  of  tho  twinging 
lever,  when  the  latch  z  falls  and  makes  all  fast.  Thns  pre- 
pared,  a  tafHcient  <]uantily  of  the  Buid  metal  is  pouted  out  or 
a  iadle  into  the  reeeptp.cic  between  tho  moalds :  a  trigger  at  r 
ia  then  palled,  when  a  string  connected  to  it  drawi  baok  aboil 
or  catch,  (,  wbich  supports  the  long  lever  (,  and  allows  it  tofUI 
with  the  rammer  q  Info  the  receptacle,  which  drives  with  con,- 
aiderabte  force  the  fluid  metal  from  thence  into  the  monlds  and 
natriees.  On  each  side  of  the  rammer  g  are  fixed  a  guard 
or  boasing,  to  prevent  the  liquid  metal  from  being  splashed 
over  the  operator.  In  order  to  withdraw  the  types  from  tho 
moalds,  the  workman  places  his  foot  upon  the  step  h,  when  th« 
compound  lever  ■  act*  npon  tbe  pin  m,  noder  the  leg  x,  and 
forces  out  the  rammer  fiom  between  the  mouldx,  which  is  Ihea 
lifted  up  bj  tbe  workman  until  it  has  passed  the  catch  (,  which 
snpporu  it  in  the  positions  shewn  in  the  flgore.  The  mould  U 
then  opened,  by  throwing  np  tbe  hasp  z  ;  the  swinging  lever 
N  then  releases  the  end  ofthe  top  piece,  and  allows  the  frams 
to  be  opened,  and  the  moolds  to  be  removed  to  a  table,  where 
tbe  bars  which  compose  it  are  placed  under  cramps,  and  sepa- 
rated by  means  of  wrenches :  the  types  are  then  removed,  and 
undergo  the  operations  of  dressing,  dc.  at  mentioned  in  ths 
early  part  of  our  subject. — RrjUtrr  oftktA  rti. 

Bdl  FotrNDRT.  The  metal  of  which  bells  are  made  it  con^ 
posed  of  three  parts  of  copper  and  one  of  tin.  Tbe  modem 
proportions  for  bells  are  to  make  the  diameter  Gfieen  times  the 
thickness  of  tbe  brim,  and  tbe  height  twelve  times.  The  parti 
of  a  bell  are :  I.  Tbe  sounding  bow,  terminated  by  an  inferior 
circle,  vriileh  grows  thinner  and  thinner.  3.  The  brim,  or  that 
part  of  a  bell  whereon  the  clapper  strikes,  and  which  is  thicker 
than  the  rest.  3.  The  outward  linking  of  the  middle  of  tba 
bell,  or  the  point  under  which  it  growt  wider  to  the  brim.  4. 
the  waist,  or  furnitnre,  and  tbe  part  that  grows  'wider  and 
tbiekcr  quite  to  the  brim.  5.  The  upper  vase,  or  that  part 
wbich  is  above  the  waist.  8,  The  pallet,  which  supports  tba 
stopper  of  the  clapper  within.  7.  Tbe  bent  and  hollowed 
branebe*  of  metal  nnitinf;  with  the  cannons,  to  receive  the  Iron 
kryt.  whereby  the  bell  it  bang  np  to  the  beam,  which  is  Ita 
tupportandcounlerpoite  when  rung  out.  In  bell  catting  tber« 
are  three  processes:  1.  The  proportioning  of  the  bell.  X 
Perming  the  monld.  3.  Melting  the  metal.  The  prnporliontnf  a 
bell  are  cither  timple  or  relative,  the  former  givei  it  soDornsity, 
the  latter  estab I isbet  a  requisite  hsrmony  between  several  belu, 
ne  method  of  forming  tbe  profile  of  a  bell,  in  which  the  pro- 

Crtion  ofthe  several  parts  are  teen,  is  this:— The  brim,  CI, 
Ihe  fullowiog  figure,  it  the  foundation  of  all  the  other  mea- 
snret,  and  is  divided  Inlo  three  equal  parts.  Draw  the  liiM 
H  D.  which  rrpresenlt  the  diameter  of  the  bell.  Bltrrt  it  in  P, 
aitd  ^erect  the  perpendicular  P/.  Bisect  U  F  and  II  F  in  B 
and  G,  at  which  draw  perpendiculars  B*  and  Q  o.  C  B  will 
bethediaaeterof  the  top  or  upper  vase,  i.t.  the  diametor  irf 
tbe  top  will  be  half  that  of  the  bell ;  and  it  vrill  therefore  be 
(he  diameter  of  a  bell  that  will  sound  an  octave  to  the  other. 
Diride  tbe  diameter  of  tbe  bell,  or  the  Une  H  D,  into  la  equal 

Earts,  and  one  of  them  will  give  C  I  the  thickness  of  the  brim. 
Nvide  again  each  of  these  Ift  equal  parta  into  three  other 
e<inl  parts,  and  then  form  yonr  ictla.    Pnn  this  srale  tab* 
4q 
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J2  of  the  larger  diTisiotis,  or  ^  of  the  whole  scale  in  yaat  com- 
passei,  and  leltjiif;  ODe  IcK  in  T>,  describe  an  are  to  cut  the 
nne  E  e  in  N  ;  draw  N  D,  and  difide  this  line  into  twelve 
equal  parts  ;  at  the  point  I  erect  the  perpendicnlat  1 C  := 
10,  aod  C  1  will  be  the  thicLneai  of  the  brim  ^  ^  of  the  diame- 
ter.   Draw  Ibe  line  CS,  biiect  DN,  and  at  the  point  Of 


bisection  erect  the  perpendicalai  6  K  =  I)  of  tlie  larger  diri- 
■ioDS  on  the  scale.  With  an  extent  of  compasses  ~  30  brims, 
(or  twice  the  leaRth  of  the  scale,)  setiing  one  toot  in  N, 
describe  an  arc  of  a  circle,  and  with  the  same  leg  in  K,  and 
the  same  opcninf^,  describe  another  arc  to  intersect  the  fonner. 
Od  this  point  of  intersection  as  a  centre,  and  with  a  radius  =: 
ao  brims,  describe  the  arc  N  K ;  in  6  K  produced,  take  K  B  =  ^ 
of  the  larger  measure  of  the  scale,  or  1  of  the  brim,  and  on  the 
same  centre  with  the  radius  of  30^  brims,  describe  an  arc  A  B 
parallel  to  N  K.  For  the  arc  B  C  take  12  divisions  of  the  scale, 
or  13  brims  in  the  compass;  find  a  centre,  and  from  that 
centre,  with  this  opening,  describe  the  arc  BC  in  the  same 
manner  as  jron  did  A  B  or  N  K.  There  are  various  ways  of 
describing  the  arc  Kp ;  some  bell  founders  describe  it  on  a 
centre  at  the  distance  of  9  brims  from  the  points  p  and  K  ; 
Others,  as  we  have  done  in  the  figure,  on  a  centre  at  the  distance 
Qntf  of  7  brims  from  those  points.  But  it  is  necessarj'  first  lo 
find  the  point  p,  and  to  dctennine  the  rounding  of  the  bellp  I. 
For  this  purpose,  on  the  point  C  as  a  centre,  and  with  the 
radius  CI,  describe  the  arc  Ipn.  Bisect  the  part  1,2  of  the 
line  Dn,  and  erectiuj^  the  perpendicular  p  m,  this  pDrpeadicn< 
lar  will  cnt  the  arc  Ipn  in  m,  which  termioates  the  rounding 
Ip.  Some  founders  make  the  hendiues  E  a  third  of  a  brim 
lower  than  the  middle  of  the  line  D  N  ;  others  make  tlie  part 
C  I  D  more  acnte,  and  instead  of  making  C  1  perpendicular  to 
D  N  at  I ,  draw  it  Jth  of  a  brim  higher,  making  it  still  :=  I  brim; 
so  that  the  line  1  D  is  longer  than  the  brim  C  1.  In  order  to 
trace  cot  the  top  part  No.  take  in  the  compasses  eiicht  division) 
of  the  scale,  or  8  brims,  and  on  the  points  N  and  I>  as  centers, 
describe  arcs  to  intersect  each  other  in  8 ;  on  this  point  S,  with 
a  radius  of  8  brims,  describe  the  arc  S  b.  This  will  be  the  exte- 
rior curve  of  the  top  or  crown.  On  the  same  point  8  as  a  centre, 
and  with  a  radius  =  7|  brims,  describe  the  arc  A  e.  and  this 
will  be  the  interior  curve  of  Ihe  crown,  and  its  whole  thickness 
wilt  be  }  of  the  brim.  As  the  point  B  does  not  fall  in  the  axis 
nf  the  hell,  a  centre  Hmaf  be  found  in  the  axis,  by  describing 
with  the  interval  of  8  brims  on  the  centres  D  and  H.arcs  which 
will  iatersect  In  M  ;  and  this  point  ma;  be  made  the  centre  of 
the  inner  and  outer  curves  of  the  crown,  as  before.  The  thick- 
ness  of  rhe  cap  which  strengthens  the  crown  at  Q.is  about  i  of 
the  thickness  of  the  brim,  and  the  hollow  branches  or  eai 
aboat  ith  the  diameter  of  the  bell.  The  height  of  the  bell 
proportion  to  its  diameter,  is  as  12  to  15,  or  in  the  proportion 
of  the  fundnmental  sound  to  its  third  major,  whence  it  follows, 
that  the  sound  of  a  bell  is  principally  (composed  of  the  round  ol 
its  extremilj,  or  brim,  as  a  fundamental  of  the  sound  of  the 
crown,  which  is  an  octave  to  it,  and  of  that  of  the  height,  which 
is  a  third. 

The  particalars  of  moulding  and  casting  are  to  be  best 
learned  in  the  workshop ;  as  the  former  is  cither  simple  or 
complicated,  according  to  the  inscriptions,  coats  of  arms,  &e. 
designed  to  be  put  on  the  belt. 

FOUNT,  or  Font,  among  Printers,  &c-  a  set  of  types,  sorted 
for  use,  that  includes  running  letters,  large  and  small  capitals, 
single  letters,  double  letters,  points,  commas,  lines,  numerals. 
&c.  as  a  fount  of  English,  of  Pica,  Bourgeois,  See.  A  fount  oi 
lOO.OCI  characters,  which  is  a  common  fount,  would  consist  of 
6000  tj  pes  of  a,  3000  of  e,  11,000  of  e,  6000  of  i,  3000  of  m,  anil 
about  30  or  40  of  k,  x,  y,  tud  x.    But  this  is  only  to  be  under- 


itood  of  the  lower-case  types ;  those  of  the  npper  cue  haviif 
atber  proportions,  wliich  we  need  not  here  euamer*te.  Also 
»  fount  of  10  sheets  would  print  BO  pages  of  this  Dictionary 
withont  distributing  a  single  letter,  and  it  wonld  weigh  ISO  lbs. 
per  sheet,  or  1300  lbs.  in  all,  which  at  2(.  6d.  per  lb.  woold 
amount  to  £160.  Of.  Od.  Now,  if  there  were  two  dOMn  fonats 
in  an  office.  Ihe  reader  may  form  some  idea  of  the  capital 
necessary  to  carry  on  a  large  business  in  printing,  inclnding 
presses,  and  -all  the  numerous  expenses  continseat  <w  tU( 
most  popular  and  most  useful  profession. 

FOUNTAIN,  or  Artificial  Fountain,  in  HydraaUca,  a 
machine  or  contrivance  by  which  water  is  violently  aponted  or 
darted  op ;  called  also  a  Jet  ifEau,  There  are  varioos  Unda  of 
artificial  fountains,  but  all  formed  hj  a  pressure  of  one  aMtor 
another  upon  the  water ;  mi.  either  the  pressure  or  weight  of 
a  head  of  water,  or  the  pressure  arising  from  the  spring  and 
elasticity  of  the  air,  &c.  When  these  are  formed  by  the  pres- 
sure of  a  head  of  water,  or  an;  other  fluid  of  the  sam«  kiad 
with  the  fonntain,  or  jet.  then  will  this  spout  np  nearly  to  the 
same  height  as  that  bead,  abating  only  a  little  for  the  resist- 
ance of  the  air,  with  tliat  of  the  adjutage.  &c.  in  the  Ooid  rush- 
ing through  :  hut.  when  the  fountain  is  prodaced  by  any  other 
force  than  the  pressure  of  a  column  of  the  same  fluid  with 
itself,  it  will  rise  to  such  a  height  as  is  nearly  eqnal  to  Ihe  ald- 
tnde  of  a  column  of  the  same  fluid,  whose  pressure  is  eqnal  la 
the  given  force  that  produces  the  fountain. 

Cireuiating  Fountain,  or  Fountain  of  Htre  of  AUxandria,  m 

called  because  it  was  contrived  by  him,  is  represented  this  ;— 

The  air  being  only  compressed  by  Ihe  concealed  fall  of  water, 

makes  a  jet,  whii;h,  after  some  contionance,  is  considered,  bj 

those  who  arc  unacquainted  with  the  principle,  aa  a  perpetnil 

motion,  because  they  imagine  that  tfae  aame  water  which  Ml 

from  the  jet  rises  again.     The  boxea  C  Baad 

DTfX,  being  close,  we  see  only  the  basoa 

ABW,  with  a  hole  at  W,  into  which  the 

water   spouting   at   B   falls;   bat   that  water 

does  not  come  up  again ;  for  it  raiu  da«a 

through  the  pipe  WX  into  the  box  D¥X, 

from  which  it  drives  out  the  air,  through  the 

ascending  pipe  Y  Z,  into  the  cavity  of  the  boi 

CE.  where,  pressing  upon  Ibe  water  thai  is  ia 

it.  it  forces  it  out  through  the  spouting  pipe 

O  B,  as  long  as  there  is  any  water  in  C  B;  m 

thai  this  will  play  no  longer  than  whilst  Ac 

water  contained  in  C  B.  having  spouted  oat, 

falls  down  through  the  pipe  WX  into  Oe 

cavity  D  Y  X.     The  force  of  Ihe  jel  is  propot- 

tional  to  the  height  of  the  pipe  WX.  or  of  the 

boxes  CE  and  DY  above  one  another:  tts 

height  of  the  water,  measured  from  the  basoa 

A  U  W  lo  the  surface  of  Ihe  water  in  the  lower 

box   DYX,   is   always   equal   to   the  bei^ 

mensured  from  Ihe  top  of  Ihe  jet  to  the  snrfiM 

of  Ihe  water  in  the  middle  cavity  at  C  E.    S- 

the  article  Jet  d'Eau,  in  which  this  snbjcct  is 

Tully  handled. 

FOURTEENTH,  in  Music,  the  octave,  or  replicate,  of  Ibt 

seventh.    A  distance  comprehending  tliirieen  diatonic  ioterrtls. 

FOURTH,  in  Music,  a  distance  corapri»iag  three  HMu^ 

ilitrrvnis.  or  two  tones  and  a  half. 

FO  WLI NG,  the  art  of  taking  or  killing  birds.  It  is  either 
practised  as  an  amusement  by  persons  of  rank  and  propeityt 
and  then  principally  consists  in  killing  them  with  a  fowhiig 
piece,  and  the  diversion  is  secured  to  them  by  the  game  laws; 
or  it  is  practised  for  a  livelihood,  by  persons  who  oae  nets  and 
other  apparatus.  Fowling  was  formerly  used  for  the  pnrsoiag 
and  taking  birds  with  hawks,  more  properly  called  Falconry. 

Fowling  Piece,  a  light  gun  for  shooiing  birds.  That  piece 
is  always  reckoned  best  which  has  the  longest  barrel,  from  3) 
to 6  feet,  with  a  moderate  bore;  though  every  fowler  sbo^ 
have  them  nf  dilferent  sizes,  suitable  to  Ihe  game  be  desigasM 
kill.  The  barrel  should  he  well  polished  and  smooth  wiihia. 
and  the  bore  of  an  equal  bigness  from  one  end  to  the  other, 
which  may  be  proved  by  putting  in  a  piece  of  pasteboard,  cat 
of  the  exact  roundness  of  Ihe  top  ;  for  if  this  goes  down  wiih- 
oiit  stops  or  slipping,  you  may  conclude  the  bore  good. 
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FRACTION  b  m  part  or  puti  of  the  nnlt,  aoA  written  With 
two  liicure*,  «iih  a  line  bFiweeo  tbem,  mm  i,  |,  |.  &c.  The 
f|nire  aboTC  the  line  ii  called  the  mtmerator,  and  the  under  odc 
the  dtnomuiMfr!  nbieh  ihews  how  many  ptrta  the  anil  it 
divided  inlo ;  and  the  namerator  ibewi  how  manj  of  thaie 
parti  arc  meaal  by  the  fiactioo.  There  are  four  sorts  or 
Val|car    Fiacliooai   propir,   improptr,   limpU,   eompeund    and 

A  Proytr  Pbaction,  if  when  the  Domermtor  ia  leu  tban  the 
denominaior,  at  ].  |,  |,  ^.  ^,  be. 

An  Improptr  FajicnoN,  i*  when  the  nnmerator  Is  equal  to, 
or  greater  than  the  denoraioalor,  an  |,  ].  f).  f,  be. 

A  Simpli  Fhaction,  is  (bat  which  consists  of  a  sicxle  nnme- 
rator. nod  iiDKle  denomiaator;  and  is  eilhei  proper,  or  impro- 
per, as  (.y,  il,  be. 

A  Cniipoaarf  Fraction,  ia  a  fraetioa  oonsistliiR  of  two  or 
Bore  other  fraction*  roonecled  by  Ibe  word  of;  tbat }  of  J,  or 
I  of  A  of  |.  be.  are  compound  fractions. 

A  Compltx  Friction,  it  thai  whoie  anmerator  and  denomj- 
nator  are  both  fractions ; 

,i 


tha*  r 


a  a  cooiplea  fraction.    These  two  distinclioni,  though 

frequent!)'  made  t>y  aothora  on  arithmetic,  are  certainty  im- 
proper, the  former  indicBticfc  an  operation  in  mulliplicstion, 
and  the  latter  an  operation  in  division ;  it  it,  tberefore,  Im- 
pTi>prr  10  apply  to  tbem  the  denominaiion  of  fraclfooa.  An 
UiieRer  and  fraction  togetber  is  called  a  mised  narober,  that  is, 
71,  9i,  be.  are  mixed  noinbers. 

ARfHrtJoK  o/FaACTiiiN's. — 1.  To  redoce  fractions  to  a  com- 
non  denominator. — AaZr  I.  Multiply  each  numerator  Into  all 
the  denominators,  except  its  own,  for  a  new  namerator;  and 
all  the  denominators,  for  a  common  denominator.  Or,'!.  Mul- 
tiply the  common  denominator  by  the  several  given  numera- 
tois  teparalely.  and  divide  the  product  by  ibeir  scteral  deoo- 
■inators  ;  the  quotients  will  be  the  new  nnmerators. 

ExtmpU.  Reduce  ]  and  f  to  a  common  denominator. 

Am.  U,  and  if. 
a  X    ''=  14,     4  X  4'='  16,  then  4  x  7  =  28  den.  =  i].  and  tf. 

3.  To  reduce  a  vulgar  fraction  to  its  lowest  terns. — Rait. 
Find  a  common  measure  by  dividinjc  the  lower  term  hy  tbe 
apper.  and  thatdivi-ior  by  the  remainder  following,  till  nothing 
remains ;  the  last  ditisor  is  tbe  common  measure ;  then  divide 
both  parts  at  the  Traction  by  the  common  measure,  and  tbe 
qaotient  will  give  the  fraction  required.  If  tbe  common  mea- 
•are  happens  to  be  1 ,  tbe  fraction  is  already  in  ilt  lowest  tern ; 
and  when  a  fraction  haih  ciphert  at  tbe  right-hand,  it  may  be 
abbreviated  by  cutting  them  olf;  as,  ^||. 

Ezmmptt.  Reduce  ))  to  its  lowest  ' 


34)33(1 
34 


H)34(3 


lhenS)]l(;=  i  An*. 


X  To  redoce  a  mixed  nnoibcr  to  an  improper  frariion. — JttJt. 
Halliply  the  whole  number  by  the  denominator  of  tbe  fmelion. 
aad  to  tbe  prndact  add  the  numerator  for  a  new  oumerstor, 
wbich  place  over  the  deooniinatur.  To  express  a  whole  noro- 
b«r  fraction -ways,  set  one  for  the  denominator  given. 

Exmmplt.  Reduce  IH4  to  an  improper  fraction.  Am.  f. 

TFlTT'-h  3  =  138.  new  noraeraior. 
4.  To  reduce  an  improper  fraction  to  its  proper  terms.— 
JbJ*.  Divide  tbe  upper  term  by  tbe  lower. 

EimmpU.  Reduce  7  to  its  proper  terms.  Aiu.  in. 

129  -!-  7  =  IB), 
iponnd   fraction  I 


A.  To  reduce 
Multiply  all  ihe 
denominators  fi 
tion  to  its  lowes 

BtampU.  Reduce  |  of )  of  )  tu 


single  one.~l?>r/e. 
leratnr.  and  all  Ihe 
w  deniimioator.     Reduce  the  new  frae- 
by  RuU  2. 

■  ingle  fraction, 
tbe  lowest  term 


}.  Ant. 

fl.  To  reduce  fractions  of  one  denominalioQ  to  the  frariion  of 
aaoiher,  tut  frrmltr.  relaininf[  the  same  value. — Rait.  Redoce 
Ibe  (ivca  fraction  10  a  componitd  one,  by  oomiwring  it  wiib  all 


the  denominations  betweea  it  and  that  deoomiaaiioo  which  yo« 
would  reduce  it  to ;  then  reduce  (hat  eompound  fiactjon  to  a 
tingle  one. 

Ermmplt.  Reduce  {  of  a  penny  to  Ihe  fraction  of  a  pound. 

^«*.JofAofi  =  ^ 

7.  To  reduce  fractions  of  one  denomination  to  ihe  fraction  of 
another,  bul  Int.  retaining  the  same  value.  — Aa/r.  Multiply  the 
nuuieralor  by  the  parls  contained  in  the  several  denominationa 
between  it  and  Ihat  you  would  reduce  it  to,  for  a  new  numera- 
tor, and  place  it  over  the  given  denominator.  Reduoe  the  acw 
fraction  to  iis  lowest  terms. 

ExampU.  Reduce  tA>  "(^ "  pound  to  the  fraction  of  a  penny. 
7  X  20  X    12  =  1680.  in  redoced  to  its  Inwesl  term  =  {.  Ant. 

S.  To  redoce  fractions  of  one  denoTninalion  to  another  of  tfaa 
same  value,  having  the  numeralor  ftiten  of  the  required  frac- 
tion.—Ra^.  As  the  nnmerator  of  the  given  fraction  is  to  its 
denominator,  so  is  the  numeralor  of  the  intended  fraction  In  iu 
denominator. 

ExampU.  Redoce  |  to  a  fraction  of  the  same  value,  wboao 
namerator  shall  be  13.     At  3  :  3  :  :   13  :   18.  Atu.  ^ 

0.  To  redoce  fractions  of  one  denomination  to  another  of  the 
tame  value,  having  the  denominator  given  of  the  fraction  ro- 
quired. — Rule.  As  the  denominator  of  the  given  fraction  is  to 
its  nnmerator,  to  is  the  denominaior  of  the  intended  fraction  to 


ExampU.  Reduce  |  to  a  fraction  of  the  same  value,  whoto 
denominator  shall  be  18.    As3  :  2  :  :  18  :  13.  Ani.i^ 

10.  To  reduce  a  mixed  fraction  to  a  single  one.—Rnh.  When 
the  numerator  is  the  integral  part,  multiply  it  by  Ihe  denomi- 
nator of  the  fractional  pari,  adding  in  the  numerator  of  tfa« 
fractional  part  for  a  new  numerator ;  then  multiply  the  den«>- 
mlnaloroftbe  fraction  by  tbe  denominaior  of  the  fraetlouJ 
part  for  a  new  denominaior. 

Extimplt.  Reduce---  to  a  simple  fraction.         A%i,  }||  —  A* 

36  X  3  -I-  2=  no  numerator. 

48  X  3  =144  denominator. 
When  the  denominator  is  the  integral  part,  mnltlply  it  by 
the  denominntorof  the  fraclionnl  part,  adding  in  tbe  numerator 
of  the  frnclinnal  part  for  a  new  denominator;  Ibeo  mnllipl^  tho 
numerator  of  the  fraction  by  Ihe  dcnoniaalor  of  the  fractional 
part  for  a  new  numerator. 

ErttmpU.  Reduce  ^  ^0  A  atmple  fraction.         Ant.  H  =  k 

11.  To  find  the  proper  quanlity  of  a  fraction  in  the  known 
parts  of  an  integer.— Aii/r.  Multiply  the  numerator  by  the 
common  parts  of  the  integer,  and  divide  by  the  denominator. 

Example.  Reduce  )  of  a  pound  sterling  to  its  proper  qnas- 
tity.  Here     3  x  20  =  GO.  and  -;-  4  =  IA(.  Ant. 

12.  To  reduce  any  given  quantity  to  tbe  fraction  of  anjr 
greater  denomination,  retaining  tbe  tame  value. — Rule.  Ro- 
duee  the  given  quanlity  to  Ihe  lowest  term  mentioned  for  a 
numeralor.  under  which  set  the  integral  part  (reduced  to  Iho 
same  term]  for  a  denominaior.  and  it  will  give  the  fraclion 

Example.  Reduce  iit.  to  the  fraction  of  a  poand  sterling.— 
Ilrrc  Ibt.  are  15  parts  of  20r.  or  )|  which  redoced  to  the  lot* est, 
gives  it".  .4"*. 

AildiUon  «fF«-,CTtOM.—Rule.  Redore  the  given  fractions  to 
a  common  denominator.  Ihrn  add  all  ihr  numcraiort  together, 
under  which  place  the  common  denominator. 

Kxamplt.  Add  |  and  \  lugelbcr.  U  -«-  ^  =  {1=1^.  Ant. 

When  the  fractions  arc  of  several  denominations,  redace 
tbem  to  their  proper  quantities,  and  add  as  before, 

ExampU.  Add  ]  of  a  pound  to  )  of  a  sbilliog. 
Herelt  =  |orT  =  7=  I.u.    (W.  >  ^-,  foiA.  irw 

and    Ji*.=  |ofV  =  t=    Or.  H>rf.(  At.£a.\^.\Od. 

Smhirattitn  a^Fa«CTioNB. — Rule  I.  Reduce  the  given  frae> 
lions  to  a  common  denominator,  then  subtract  the  less  nume- 
rator from  tbe  greater,  and  place  tbe  remainder  over  the  com- 
mon denomiiialor.  3  When  the  tower  fraction  it  grraler  Ihaa 
the  apper,  aubtract  Ihe  ntuneratar  of  the  lower  fraotioa  Iibm 
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Aedenominator,  audio  that  difference  add  the  opper  trame- 
ftlor,  oarrjiDg  one  to  the  ni^'s  place  of  tliB  lower  whole 
number. 

Example  I.  Prom  }  take  f. 

3x  7  =  21,5x  4=20,21  —  20  =  1  nnmcrator. 
4  X  7  =  28  deDomioatOT  =  i.  Am. 
3.  From  G|  take  -i,.  Ant.  4|j. 

3.  From  Jl  take  |.  Ant.  JJ,. 

4.  From  {^  lake  4  of  |.  jliu.  1||. 
When  the  fractions  are  of  several  denominations,  redace 

Ihem  to  their  proper  qaantities,  and  subtract  as  before. 
£^.  From  1  of  aponnd  take  )of  aabiliiBK.        Ant.  t4*. 
„     ,20».         3X  20 
Here  •"  -'  — 


„     ,20».        3  X  20      60        .,     „,    "N 
|£.  of  -J-  =—T~  =  -T-  =  IS*.  <W.    / 

,12         3  X 12       36  .    /■  £0.  i4<.  a 


And 


Multiplication  ef  Fhactions.— £ufc.  Prepare  the  gifon 
nambers,  {if  the;  require  it,)  b;  the  rules  of  Reduction ;  Iheu 
multiply  the  nuoierators  lof^ether  for  a  new  niimerator,  and  tbc 
denomiuators  for  a  new  denominator.  When  any  number, 
either  whole  or  mixed,  is  multiplied  bj  a  fraction,  the  product 
*ill  be  always  less  than  the  multiplicand,  in  the  same  propor- 
tion as  the  mnltipljing  fraction  is  leas  than  the  anlt. 

Example.  Multiply  1  by  |. 

Am.  3  X  3  :=  B  nam.  4  x  5  =  30  den.  =  j,. 

DwinoncfTnAci^ant.—RMie.  Prepare  the  si>en  numbers, 
(if  they  reijnire  it,)  by  the  rules  of  Reduction;  then  multiply 
the  denominator  of  the  divisor  into  the  numerator  of  the  divi- 
dend for  a  new  namerator,  and  the  numerator  of  the  divisor 
Into  the  denominator  of  the  dividend  for  a  new  denomioator. 
When  any  whole  number  is  divided  by  a  fraction  less  than 
unity,  the  quotient  will  be  greater  than  the  diridend :  but  if 
•n;  fraction  be  divided  by  a  whtde  number  greater  than  nnity, 
the  qaotient  will  he  less  than  the  dividend. 
Sx.  Divide  &  by  ].  6  x  9  =  45  num.  3  X  20  =  60  den.  a  =  i. 

Tkt  UuU  </  Thrtt  IB  FBACTIONS.— iZwIt.  When  the  three 
terms  are  properly  rednced,  proceed  aa  in  the  Rule  of  Three 
in  whole  nurabers. 

ExampU  1.  If  (of  ayardcoatlof  a£.— wfaatwillj^of  ayard 

come  to  at  that  rate!  Am.  H  =  16*. 

lyd.:|£.::Ayd.::H£. 

for4x«X    9=180num.      ,  ^^    «\-/i. 

■nd3  X  8  X  10  =  240  den. ."' •  '^  "  —  »    *>"tB- 

ExampU.  2,  If  48  men  o«n  build  a  wall  in  241  days— how 
many  men  can  do  the  same  in  IBS  days!    Tbu* 
102      97        49        1     X  07  X  48  97  97 

T"'  T—  1  •  192  X  4  X  I  - rm -  t6 -^  "'*''■ 

The  Dmible  Rule  ofThree  in  Fractions.— This  ia  staled  in 
the  aame  manner  as  in  common  aiithmelic. 

Emimple.  If  a  carrier  receive  2^.  for  the  carriage  ofs  ewt. 
IM  miies— bow  much  ought  he  to  receive  for  the  carriBge  of  7 
owt.  3|  qrs.  for  a  journey  of  90  miles! 
^ri.      milti.       £. 

160        21         M       1     X  21   X  SO 
Thoi     -  -     ■     —    ■•    ~  ■ 


10   ■ 
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FRACTURE,  in  Sui^ery,  the  rupture  of  a  bone,  or  a  solu- 
tion of  c'ontinnity  in  a  bone,  when  it  is  cruxhed  or  broken  by 
some  external  cause. 

FRjENUM,  in  Anatomy,  a  term  applied  to  some  membra- 
nous lifntments  of  the  body. 

Frxnum  Lingua,  ilie  lijcauient  under  the  tongae,  which  some- 
times ties  It  down  too  close  to  the  bottom  of  the  month.  rekI 
then  requires  to  be  divided,  to  give  this  oqcan  its  proper  motion. 

FRAGARIA,  the  StrMinberry,  a  genus  tif  the  polygynia 
order,  in  the  icoiandtia  class  of  plants,  and  fn  the  natnral 
MOtbod  ranking  under  the  36th  order,  sentioosm,  which  all 


thrive  In  any  common  garden  soil,  prodndnj^  abnndnnt  crept 
annually  without  much  trouble. 

FRAME.     See  Spinnino. 

FRANCHISE,  in  Law,  synonymous  to  liberty — "  a  royal 
privilege,  or  branch  of  the  king's  preio^tive,  subsisting  in  the 
hands  of  a  subject,"  say  the  expounders  of  the  law.  Fraa- 
ohises  may  he  vested  in  either  natural  persons  or  bodies  politic ; 
in  one  man,  or  in  many;  ai  of  a  county  palatinate,  a  corpora- 
tion, Slc.,  of  which  each  individual  has  by  right  or  preseriptioa 
thefreidom.  Other  franchises  are  to  hold  a  court  leet,  to  have 
a  manor  or  lordship,  a  bailiwick,  fair,  market,  toll,  Sto. 

FRANK  Fee,  in  Law,  signifies  the  same  thing  aa  boldinf 
lands  and  tenements  in  fee-simple. 

Fhank  Pledge,  in  onr  Law,  signifies  a  pledge  or  anrety  te 
the  behaviour  of  freemen. 

Frank,  at  Ftane,  an  ancient  coin  of  gold  or  silver,  correnlia 
France.  The  value  of  the  gold  frank  vas  somewhat  more  than 
that  of  the  gold  crown;  the  silver  frank^was  a  third  of  tbe 
gold  one.  Silver  franks  arc  now  the  current  coin  in  France, 
and  all  accounts  ate  kept  in  francs  and  centimes,  according  lo 
the  decimal  system.  There  are  20  sols  lo  a  franc,  and  some- 
times sols  still  appear  in  small  accounts.  It  is  usually  said 
that  24  franks,  or  480  sols,  are  equivaleot  to  a  pound  Stciliog, 
but  the  real  par  is  about  25  francs  to  a  pound  sterling. 

Franks,  or  Franking  Leiteri,  by  which  they  are  forwarded 
free  of  postage,  is  a  privilege  that  has  been  enjoyed  by  mem- 
bers of  parliament  from  the  Rrst  institution  of  the  post-oMce. 
A  member  of  parliameot  can  frank  only  ten  letters  a  dtj, 
and  receive  Unecn.  free  of  postage ;  each  of  which  mnst  weip 
lesM  than  one  ounce.    It  is  felony  to  forge  a  frank. 

FRANKINCENSE,  is  the  product  of  the  junipcma  Ijcii. 

FRANKLIN,  BENitiiiN,  a  celebraled  American  pliilosophet 
and  politician,  was  born  at  Boston,  in  New  England,  in  the 
year  1706.  He  was  author  of  several  tracts  on  electricity  and 
other  branches  of  natural  philosophy,  and  was  the  first  wte 
drew  electricity  from  a  thunder  cloud.  Bat  his  knowledge, 
however  eminent  as  a  philosopher,  is  eclipsed  by  his  fame  as  a 
politician,  in  which  latler  character  he  forms  an  excellent  sah- 
ject  for  the  general  biographer  and  historian.  Dr.  Franklta 
died  April  17,  1790,  being  then  in  the  84(h  year  of  bis  age. 

FR.IPFING,  the  act  of  crossing  and  drawinr  together  tkt 
several  parts  of  a  tackle,  or  other  complication  o>  ropes,  which 
had  already  been  strained  lo  their  utmost  extent:  in  tUt 
sense,  it  exaetly  resembles  the  operation  of  bracing  up  a  dram. 
Tbe  Trapping  increases  tension,  and  consequently  adds  to  tW 
security  acquired  by  the  purchase;  hence  tbe  catharpings arc 
no  other  than  the  frappinga  to  the  shrouds. 

Fhapping  of  a  Skip,  the  act  of  passing  four  or  five  turns  of  a 
cable-laid  rope,  round  the  hull  or  frame  of  a  ship  in  the  mid- 
dle, when  it  is  apprehended  that  she  is  not  strontr  enough  la 
resist  tbe  violent  eflbrts  of  the  sea.  This  expedient  is  mly 
made  use  of  for  very  old  ships,  which  their  owners  are  willing 
to  venture  to  sea  as  long  as  possible  by  insuring  them  deeply. 

FRAUD.  All  deceitful  practices  in  defrauding,  or  endea- 
vouring to  defraud,  another  of  his  own  right,  by  means  of  soon 
artful  device,  contrary  to  the  plain  rulei  or  common  honesty, 
arc  cotidemned  by  the  common  law,  and  punishable  accordiag 
to  (he  heinousness  of  the  olTrnce.  The  distinction  laid  down, 
as  proper  to  be  attended  to  in  all  cases  of  this  kind  is  this,  that 
in  such  impositions  or  deceits,  nhcre  common  prudence  Mgte 
guard  persons  from  the  offence,  it  i^  not  indictable,  but  tbe 
party  is  left  to  his  civil  remedy;  but  where  false  weights  Of 
measures  are  used,  or  false  tokens  produced,  or  such  measvct 
taken  to  defraud  or  deceive,  as  people  cannot  by  any  ordinary 
care  or  prudence  he  guarded  against,  there  it  is  an  offenet 
indictable.  Persons  convicted  of  obtaining  money  or  goods 
hy  false  pretences,  or  sending  threatening  letters  to  extort 
money  or  goods,  may  be  punished  by  fine  and  imprisonment,M 
by  pillorv,'  whipping,  or  transportation,  30  G.  II.  c.  24. 

FRAXINUS,  the  A»k,  a  cenus  of  the  dioecia  order,  in  As 
poltgamia  class  of  plants,  and  in  the  natural  method  rankinf 
under  the  44th  order  sepiari».  There  are  foor  species,  of 
which  the  most  nsefol  is  the  common  ash.  This  tree  flourishc* 
best  in  groves,  but  grows  very  well  in  rich  soil,  in  open  fieldt. 
It  hears  tranaplanling  and  hopping.  In  Lancashire,  Ibey  lop 
the  tops  of  these  trees  to  feed  the  o&ttie  in  autumn.    The  wool 
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is  kud  Kiul  lonKh,  uid  i*  invch  ated  to  make  tbe  tooU  «n- 
|da;«d  in  hnibaiidrr.  The  asbei  of  the  wood  afford  f(Ood 
poteih.     The  bark  ■■  Died  \a  tBDHJtifC  calf  ikin. 

FREEBENcit,  liKnifles  that  ritaie  in  copjhold  which  the 
wife,  beinic  eiipoaMd  a  Tir^n,  ban  after  the  decease  of  her  bna- 
band  for  her  clawer,  accoidloK  to  tbe  coitom  of  the  manor. 

FREEDOM  or  CoapORATiaH,  the  rijcbt  of  enjo^inR  all  the 
priiiicfei  and  imnanities  that  beloDg  to  it.  The  freedom  of 
citiea  and  corporations  li  regolatly  obtained  by  serving  an 
apprentiecship ;  bat  it  is  aliio  purchased  with  money,  and 
aometimei  eonferred  by  way  of  compliment. 

FREEHOLD,  Frank  Tntment,  is  land  or  tenement  which  a 
ma&  bolda  in  fee-simple,  frc-tail,  or  for  term  or  life  ;  and  is  of 
two  kinds,  in  dttd  and  in  lam,  the  fimt  btinn  real  poiscxsion  of 
land  or  tenement,  in  fee.  fee-tail,  or  for  lifo ;  tbe  other,  is  the 
ri)[bt  a  man  has  to  sach  land  or  teoeDieot  before  his  entry  or 

FREEING,  the  act  of  pampioK,  or  otbentlae  tfarowinfc  oat 
tbe  water  which  has  leaked  into  a  ship's  bottom  al  aea,  &c. 

FREESTONE,  a  whitish  stone  dug  np  in  many  parts  of 
Enslaod,  that  works  like  alabaster,  but  is  more  hard  and 
durable,  heiag  of  excellent  use  in  building,  be 

FREEZE,  or  FaiEze,  in  Commerce,  a  coarse  kind  of  woollen 
atnlTor  clulh,  so  called,  at  beinf  freeaed  or  naped  oo  one  side. 

FREEZING,  CoNoELATioN,  in  Philoiophy,  the  transfonua- 
Bon  of  a  Said  body  into  a  firm  or  solid  mass,  by  the  action  of 
cold  ;  in  whioh  latter  sense  the  term  is  applied  In  water  when 
It  freeces  into  ice  ;  to  metals  when  they  resume  their  solid  form 
alter  beinic  melted  by  heat ;  or  to  (class,  wax,  pitch,  tallow,  kc. 
when  they  harden  aitain  after  having  been  rendered  daid  by 
beat.    S4*  CoNOELATioN  and  EvApoaATioN. 

The  process  of  conielation  is  always  attended  with  the 
emission  of  heal,  as  is  found  by  experiments  on  the  freettng  of 
water,  wax,  spermaceti,  Sic. ;  for  in  luch  coses  it  is  always 
roand  that  a  thermometer  dipped  into  the  fluid  keeps  con- 
tiaaallj  descending  asthiscools.  till  it  arrives  at  a  certain  point, 
beioK  tbe  point  of  freesing,  wbicb  is  peculiar  to  each  fluid, 
where  il  Is  rather  atationary,  and  then  rises  for  a  little,  while 
tbe  congelation  goes  on,  at  the  same  time  the  bulk  of  the  body 
ia  expanded. 

The  prodigious  power  of  expansion  etinced  by  water  in  the 
act  of  freezing  is  nearly  double  that  of  the  moat  powerful 
steam-engines,  and  cxeried  in  so  small  a  mass,  seemingly  by 
tbe  force  of  cold,  was  thought  a  very  material  argument  in 
favour  of  Ibone  who  supposed  that  cold,  like  heal,  is  a  posiliTe 
■abslancc.  Dr.  Black's  discovery  of  latent  heat,  however,  hat 
•forded  an  easy  and  natnral  explication  of  this  phenomenon. 
Be  has  shewn  that,  in  tbe  act  of  congelation,  water  is  not  cooled 
Bore  than  it  was  before,  bot  rather  grows  warmer:  that  as 
BUch  heat  is  discharged,  and  passes  from  a  latent  to  a  sensible 
•tate,  as,  had  il  been  applied  to  water  in  a  fluid  stale,  wonld 
have  heated  il  to  13^°.  In  this  process  tbe  expansion  is  oc«a- 
ooned  by  a  great  number  of  minute  bubbles  suddenly  produced. 
Formerly  tbeie  were  supposed  to  be  cold  in  tbe  abstract ;  and 
ts  be  so  subtile,  that  insinuating  themsclTcs  into  the  substance 
td  tbe  fluid,  they  augmenied  its  bulk,  at  tbe  same  time  that  by 
iapMling  the  motion  of  its  particles  upon  each  other,  they 
nhangrd  it  from  a  Raid  to  a  solid.  But  these  are  only  air 
extricated  during  the  congelation  ;  and  to  the  extrication  of 
this  air  we  ascribe  the  prodigious  expansive  force  exerted  by 
frcnung  water.  By  what  means  does  this  air  come  to  be 
extricated,  and  to  lake  up  more  room  than  it  naturally  does  in 
the  laid!  Perhaps  part  of  the  heat,  which  is  discharged  from 
Ike  freering  water,  combines  with  the  air  in  its  unelastic  stale, 
•■d.by  restoring  its  elasticity,  giveiit  that  eilraordinary  force, 
U  Is  aetn  also  in  the  case  of  air  suddenly  eslricated  in  the 
Mptoaion  of  ganpowder. 

The  greatest  degrees  of  heat  which  are  known,  have  been 
prodnced  by  concenlraling  ihr  sniiir  rays  with  a  mirror,  or  lens, 
or  by  sopplying  a  blow-pipe  »ith  oxvgcn  gas.  A  very  great 
decree  of  cold  is  produced  by  mixing  snow  with  certain  sails. 
Tbe  beat  salt  for  this  purpose  is  muriate  of  lime.  If  this  he 
Mixed  with  dry,  light  snow,  and  stirred  well  together,  the  cold 
pradnced  will  be  so  intense,  as  to  freeae  mcrcnry  in  a  few 
■iutcs.  Salt  and  snow  also  prodaee  a  great  degree  of  cold. 
BvBporatioB  likewise  prodncet  cold.    Tbe  method  of  making 
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ice  arliSeially  in  the  Bast  Indiea,  depend*  opon  this  prinripla. 
The  manufacturers  at  Benareylig  pits  in  large  open  plains,  ibe 
bottom  of  which  ibey  strew  wiUi  sugar-canes,  or  dried  stems  of 
maiae,  or  Indian  corn.  Upon  this  bed  they  place  a  number  of 
unglaacd  pans,  made  of  so  porons  an  earth,  that  tbe  water 
ooxes  through  their  substance.  These  pans  arc  filled  lowardl 
evening,  in  Ibe  winter  season,  with  water  which  haa  been  boiled, 
and  are  left  In  that  situation  till  morning,  when  more  or  less 
ice  is  found  in  them,  according  to  the  temperature  of  the  ail; 
there  being  more  formed  in  dry  and  warm  weather,  than  la 
clonity  weather,  though  it  ma^  he  colder  to  Ibe  human  body. 

Every  thing  in  this  operation  is  calculated  to  produce  crid 
by  evaporation ;  the  beds  on  which  the  pans  are  placed,  aulfer 
the  air  to  have  a  free  passage  to  their  bottoms,  and  Ibe  pana 
constantly  ooiing  out  water  to  their  external  surface,  ar« 
cooled  b^  the  evaporation  of  it.  In  Spain,  they  use  a  kind  of 
earthen  jars,  called  buxaros,  the  earth  of  which  ia  so  poroas, 
being  only  half-baked,  that  the  outside  is  kept  moist  by  tha 
water  which  filters  through  it;  and,  thongb  placed  in  the  son, 
the  water  in  tbe  jar  becomes  as  cold  as  ice,  Il  Is  a  eomman 
practice  in  China,  to  cool  wine  or  other  lii^nors  by  wrapping  a 
wet  cloth  round  the  bottle,  and  hanging  il  op  In  the  son.  Tbe 
water  ia  the  cloth  evaporates,  and  thus  cold  Is  produced,  lem 
may  be  produced  at  any  time  by  the  evaporation  of  etber. 

FaeeziNO  lUiriurt,  a  prcpnralion  for  the  artificial  congela- 
tion of  water  and  other  fluids.  The  first  person  who  made 
exporimenta  on  freeslng  mixtnres  was  FabrenheiL  But  the 
subject  was  much  more  completely  investigated  by  Hr.  Walker, 
in  a  paper  published  in  the  Philotophical  Transactions  for  ITSA. 
Since  that  time  several  carious  additions  have  been  made  by 
pTofcssorLowitcparticnlftrlylheintrodnetJonofmarialeof  lime, 
which  produces  a  very  great  degree  of  cold  when  mixed  with 
snow  1  and  the  experiments  of  LowiO  have  been  lately  repeated 
and  extended  by  Mr.  Walker.  In  the  Philatopbir«l  Trmti5a<^ 
tjons  for  1001,  p.  135,  Is  given  a  table,  divided  into  classes  ; 
in  the  first  rank  of  these  classes  of  mixtures,  Mr.  Walker  haa 
not  specified  Ibe  temperature  al  which  the  materials  were, 
previous  to  mixing  ;  the  reader  being  informed,  in  a  paragraph 
which  immediately  follows  the  table,  that  il  is  immaterial,  toe 
resolt  being  the  same  as  stated  in  tbe  tabic,  whatever  may  be 
the  temperature  of  tbe  materials  at  mixing.  So  that  it  is  not 
reauisite  lo  specify  the  temperalnres  at  which  it  was  sopposed 
to  be  necessary  the  materiaJs  should  be,  previous  to  mixing,  in 
order  to  produce  the  effects  stated. 

Professor  Leslie  has  lately  discovered  that  porphyrilie  trap, 
poonded  and  dried,  will  absorb  one-tenth  part  of  lis  weight  of 
rooislore,  and  can  henee  be  easily  made  to  freese  the  eighth 
part  of  its  weight  of  water.  In  hot  countries  the  powder  will 
after  each  process  recover  its  power  by  drying  in  the  san. 
This  curious  and  beautifol  discovery  of  artificial  congelation, 
will  Iberefore  produce  ice  in  the  tropical  climea,  or  even  M 
sea,  with  very  lilll%|w«ble,  and  no  sort  of  risk  or  inconvenience. 
Thus  wo  are  convnlCcd  of  tbe  wonderful  power  of  chemistry. 
This  one  discovery,  which  enables  man  in  the  hottest  climate, 
even  in  tbe  torrid  sone,  to  compose  artificially,  and  by  soch  a 
simple  process,  the  product  of  the  frigid  cones,  is  but  a  single 
instance,  but  it  is  snflicient  to  rank  that  noble  science  amoof 
one  of  tbe  most  important  to  man.  Even  in  oar  every-da^ 
meals,  ont,tea,  our  coffee,  every  process  of  cookery,  of  medi- 
cine, in  short,  almost  all  the  operations  of  nature  and  art,  are 
carried  on  by  the  means  either  of  chcmieal,  electric,  or 
magnetic  processes,  with  all  of  which  we  may  became  ao- 
qnaintcd  in  some  degree. 

The  annexed  figure  repre- 
sents a  large  air  pump,  for 
the  purpose  of  freesing,  on 
Leslie's  principle.  It  con- 
sists  of  a  stout  low  frame.  In 
which  a  good  air  pump  is 
fixed,  and  on  the  plate  are 
six  receivers,  each  furnished 
with  a  broad  glass  aaiteer  for 
holding  ^nlphnric  acid,  or 
ponnded  wbirutone,  and  a  amall  poroai  earthea  eap  for 
holding  the  water.  Tbe  niaehine  may  be  seen  at  Messrs- 
Harris's,  the  opticians,  No.  M,  High  Holboni. 
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Leslie  has  lately  discovered  (hat  parched  oatmeal  is  even  a 
more  powerful  absorbent  than,  the  whinstone;  and  with  a 
stratum  of  oatmeal,  about  a  foot  diameter,  and  one  inch  deep, 
he  froze  a  pound  and  a  quarter  of  water,  contained  in  a  hemi- 
spherical porous  cup.  The  meal  is  easily  dried,  andrestored  to 
its  former  use. 

Freezing  Pointy  denotes  the  point  or  degree  of  cold,  shewn 
by  a  mercurial  thermometer,  at  which  certain  fluids  begin  to 
freeze,  or,  when  frozen,  at  which  they  begin  to  thaw  again. 
On  Fahrenheit's  thermometer  this  point  is  at  +  32  for  water, 
and  at  —  40  for  quicksilver,  these  fluids  freezing  at  those  two 
points  respectively.    See  Thermometer. 

Freezing  i2atn,  or  Raining  Ice,  a  very  uncommon  kind  of 
shower,  which  fell  in  the  west  of  England,  in  December,  1672, 
of  which  we  have  various  accounts  in  the  Philosopliical  Trans- 
actions. This  rain,  as  soon  .as  it  touched  any  thing  above 
ground,  as  a  tough,  &c.  immediately  settled  into  ice ;  and,  by 
multiplying  and  enlarging  of  the  icicles,  broke  all  down  with  its 
weight.  The  rain  that  fell  on  the  snow  imniediateiy  froze  into 
ice,  without  sinking  in  the  snow  at  all.  It  made  an  incredible 
destruction  of  trees,  beyond  any  thing  recorded  in  history. 
**  Had  it  concluded  with  some  gust  of  wind,  (says  a  gentleman 
on  the  spot,)  it  might  have  been  of  terrible  consequence.  I 
weighed  the  sprig  of  an  ash  tree,  of  three-quarters  of  a  pound, 
tiie  ice  on  which  weighed  16  pounds.  •Some  were  frightened 
with  the  noise  in  the  air,  till  they  discerned  it  was  the  clatter 
of  icy  boughs,  dashed  against  each  other.''  This  phenomenon, 
however,  is  not  unoommon  in  a  less  degree,  and  depends 
wholly  on  the  nice  balance  of  temperatures  in  the  rain  and 
atmosphere.  Dr.  Beale  observes,  tbat  there  was  no  consider- 
able frost  observed  on  the  ground  during  the  whole ;  whence  he 
concludes,  that  a  frost  may.  be  very  intense  and  dangerous  on 
the  top  of  some  hills  and  plains;  while  in  other  places  it 
keeps  at  two,  three,  or  four  feet  distance  above  the  ground, 
rivers,  lakes,  &c.  and  may  wander  about,  very  furious  in  some 
places,  and  remiss  in  others  not  far  off.  This  frost  was  followed 
by  glowing  heats,  and  a. wonderful  forwardness  of  flowers  and 
fruits. 

Freeze,  in  Naval  Architecture,  ornamental  painting  or 
acolpture  on  the  upper  part  of  a  ship's  quarter,  stem,  or  bow. 
It  consists  generally  of  armour,  instruments  of  war,  marine 
emblems,  &c. 

FREIGHT  OF  A. Ship,  the  hire  of  part  thereof,  usually  paid 
for  the  carriage  and  conveyance  of  goods  ;  or  the  sum  agreed 
upon  between  the  owner  and  the  merchant  for  the  hire  and  use 
of  a  vessel. 

Freight.  The  freight  of  a  vessel  is  usually  agreed  on  either  at 
the  rate  of  so  much  for  the  voyage,  or  by  the  month,  or  per  ton. 
FREIGHTING,  or  Letting  <nU  Veuelt  on  Freight  or  Hire,  was 
once  one  of  the  principal  branches  of  the  trade  of  the  Dutch. 
They  were  the  carriers  of  all  the  nations  of  Europe,  and  their 
purveyors,  notwithstanding  that  their  country  produced  Uttle  or 
nothing,  and  that  they  were  forced  to  have  everything  necessary 
for  the  building  of  a  vessel  from  other  countries.  The  principal 
laws  relating  to  freighting  are:— -That  if  a  whole  vessel  be 
hired,  and  the  merchant/or  person  who  hires  it,  does  not  give  it 
its  full  load  or  burden,  the  master  of  the  vessel  cannot,  with- 
out his  consent,  take  in  any  other  goods  without  accounting  to 
him  for  freight  That,  though  the  merchant  do  not  load  the  full 
quantity  of  goods  agreed  on  in  the  charter-party,  yet  he  shall 
pay  the  whole  freight;  and  if  he  load  more,  he  shall  pay  for  the 
excess.  If  a  time  be  appointed  by  charter-party,  and  either 
the  ship  be  not  ready  to  take  in,  or  the  merchant  to  put  on 
board,  the  parties  are  at  liberty,  with  remedy  by  action  for  the 
detriment.  If  part  be  on  board,  and  some  misfortune  prevent 
the  merchant's  lading  the  whole  in  time,  the  master  may  con- 
tract with  another,  and  have  freight  as  damage  for  the  time 
longer  than  limited.  On  the  other  hand,  if  the  vessel  be  ready, 
the  merchant  may  ship  the  remainder  of  the  goods  aboard 
another,  and  recover  damages  against  the  6ist  master  or 
owners ;  therefore,  by  the  marine  law,  chance,  or  other  noto- 
rious necessity,  will  excuse  the  master,  but  he  loses  his  freight 
till  he  breaks  ground.  But  if  the  merchant  be  in  fault,  he  must 
answer  the  damage,  or  be  liable  to  maintain  the  crew  ten  days ; 
and  if  after  that,  the  full  freight :  if  damage  afterwards,  it  is 
the  merchant's  risk :  but  by  the  common  law,  while  the  goods 


are  on  board,  the  master  most  see  them  forthoomfng.  IT  goods 
are  fully  laded,  and  the  ship  has  broken  ground,  but  the 
merchant  afterwards  declines  the  adventure,  and  unladea 
again,  by  the  maritime  law  the  freight  is  due.  If  a  set  time  be 
agreed  on  between  the  merchant  and  master  to  begin  and  end 
the  voyage,  it  may  not  be  altered  by  the  supercargo  witbonl 
special  commission  ;  and  if  a  master  shall  sail  on  his  voyage 
after  the  time  agreed  on  for  his  departure,  and  damage  bap- 
pens  afterwards,  he  shall  make  it  good.  If  a  ship  be  freighted 
from  one  port  to  another,  thence  to  a  third,  &c.  and  ao  bone 
to  the  port  whence  she  first  sailed,  (commonly  called  a  trading 
voyage,)  the  whole  is  one  and  the  same  voyage,  if  performed 
according  to  the  charter-party.  If  the  ship  be  freighted  oat 
and  in.  no  freight  is  due  till  the  voyage  is  performed;  if,  tiiera* 
fore,  the  ship  perish  coming  home,  the  whole  freight  it  lost 

The  master  may  set  ashore  such  goods  as  he  finds  In  his 
vessel  which  were  not  notified  to  him,  or  take  them  at  a  higher 
rate  than  was  agreed  on  for  the  rest.  But  if  the  master  freight 
his  ship,  and  afterwards  secretly  take  in  other  goods,  be  loses 
his  freight ;  and  if  any  of  the  freighter's  goods  should,  for  the 
ship's  safety,  be  cast  overboard,  the  rest  shall  not  be  tnlijeet 
to  average,  but  the  master  most  make  it  good. 

If  a  ship  be  stopped  or  detained  in  its  course,  either  thnragh 
the  master's  or  merchant's  default,  the  delinquent  shall  be 
accountable  to  the  other.  Thus,  if  the  freighter  load  the  dip 
with  prohibited  goods,  he  shall  answer  the  freight  contracted; 
but  if  the  ship  put  into  any  other  port  than  she  is  freighted  to, 
the  master  shall  answer  damage  to  the  merchant ;  but  if  foraed 
in  by  storm,  enemy,  or  pirates,  he  must  then  tail  to  the  stipa- 
lated  port  at  his  own  costs.  If  the  master  be  obliged  to  reftt 
his  vessel  during  his  voyage,  the  merchant  shall  wait,  or  else 
pay  the  whole  freight ;  if  the  vessel  could  not  be  refitted,  the 
master  is  obliged  to  hire  another  immediately,  otherwise  only 
to  be  paid  bis  freight  in  proportion  to  the  part  of  the  voyage 
performed ;  though,  in  case  the  merchant  prove  that  the  vessd, 
at  the  time  it  set  sail,  was  not  capable  of  the  voyage,  the 
naster  must  lose  his  freight,  and  an  account  for  damages  to 
the  merchant.  Freight  shall  be  paid  for  merchandises  whkh 
the  master  was  obliged  to  sell  for  victuals,  or  refitting,  or  other 
necessary  occasions,  paying  for  the  goods  at  the  rate  the  reit 
were  sold  at  where  they  were  landed.  In  case  of  a  profalbitioB 
of  commerce  with  the  country  whither  the  vessel  is  bound,  w 
that  it  is  ob!if:ed  to  be  brought  back  again,  the  master  oalj 
shall  be  paid  freight  for  going.  And  if  a  ship  be  stopped  er 
detained  in  its  voyage  by  an  embargo  by  order  of  the  prince, 
there  shall  neither  be  any  freight  paid  for  the  time  of  the  detaa- 
tion  in  case  it  be  hired  per  month,  nor  shall  the  frelcht  he 
increased,  if  hired  for  the  voyage ;  but  the  pay  and  the  vietailf 
of  the  sailors  during  the  detention,  shall  be  deemed  avera^ 

Freight  is  also  used  for  the  burden  or  lading  of  a  flhip,er 
the  cargo  of  goods,  &c.  which  she  has  on  board.  FreigM  is 
also  a  duty  paid  to  the  govesnment  of  France  by  the  mastut 
of  foreign  vessels  going  in  or  out  of  the  several  porta  of  the 
kingdom. 

It  is  to  be  observed,  that  all  vessels  not  built  In  Franea  ue 
accounted  foreign,  though  belonging  to  that  government,  aid 
as  such,  are  liable  to  the  payment  of  an  impost)  ndeif 
otherwise  exempted,  or  that  two-thirds  of  the  crew  are  Ffcaeh. 
Tho  Dutch  and  the  Hanse  Towns  were  exempted  front  the  daly 
of  freight. 

FRENICLE,  Bernard,  a  celebrated  French  mathematiciiB 
of  the  seventeenth  century,  contemporary  and  eompanien  tf 
Descartes,  Fermet,  Roberval,  and  the  other  distingaisbed 
mathematicians  of  that  time. 

FRESCO,  a  method  of  painting  in  relievo  on  walls,  so  as  li» 
endure  the  weather.  It  is  performed  with  water  colours  ea 
fresh  plaster  ;  or  a  wall  laid  with  mortar  not  dry.  Thb  sortef 
painting  has  a  great  advantage,  by  its  incorporating  with  the 
mortar  with  which  it  dries. 

FRESH,  when  applied  to  the  wind,  signifies  strong,  but  net 
violent  or  dangerous ;  hence,  when  the  gale  increases,  it  h  uiA 
to  freshen. 

FRESH  Shot,  signifies  the  falling  down  of  any  great  river  late 
the  sea,  by  means  whereof  the  sea  hath  fresh  water  a  good  way 
from  the  mouth  of  the  river.  As  this  is  more  or  leas,  they  call 
it  a  |;reat  or  small  fresh  shot. 
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Frbsh  SpeH^  a  fresh  iconic  to  relieve  the  rowers  to  the  loii|(* 
boet  Fresh  Water^  implies  water  fit  to  drink,  in  oppostioo  to 
sea  or  salt  water.  Fkesu  Way  ofu  Skip  implies  considerable 
▼olocitv. 

To  Freshen  Hawtt^  to  reliefe  that  part  of  the  cable  which 
has  for  some  time  been  exposed  to  friction  in  one  of  the  hawse* 
holes,  when  the  ship  rocks  and  pitches  at  anchor  in  a  hi|ch  sea ; 
this  is  dune  bj  applying  fresh  service  to  the  cable  within  board, 
and  then  veering  it  into  the  hawse. 

Freshes,  imply  the  impetuosity  of  an  ebb-tide  tncreasinf^  bj 
heavy  rains  and  flowing  out  into  the  sea,  which  it  often  disco- 
lours to  a  considerable  distance  from  the  shore*  insomoch  as 
the  line  which  divides  the  two  colours  may  be  perceived  dis- 
tinctly for  a  great  length  along  the  coast. 

FRJBT,  or  Fretto,  in  Architecture,  a  kind  of  ornament,  con- 
sisting of  two  lists  or  fillets  interlaced,  and  running  at  parallel 
distances  equal  to  the  breadth. 

Fret,  in  Music,  a  kind  of  stop  on  tome  instruments,  parti- 
eolarly  bass-viuls  and  lutes. 

FRIABILITY,  that  quality  of  certain  bodies  whereby  they 
are  easily  reduced  to  powder.  Thus  we  speak  of  the  friability 
c»f  earthH,  &c. 

FRICTION,  the  act  of  rubbing  two  bodies  together,  or  the 
resistance  in  machines  caused  by  the  motion  of  the  different 
parts  against  each  other.  Friction  arises  from  the  roughness 
or  asperity  of  the  surface  of  the  body  moved  on,  and  that  of 
the  moving  body  ;  for  such  surfaces  consisting  alternately  of 
•fluill  eminences  and  cavities,  these  act  against  each  other,  and 
prevent  the  free  motion  that  would  ensue,  on  a  supposition  of 
the  two  bodies  being  perfectly  polished  planes. 

Mr.  Ferguson  found  that  the  quantity  of  friction  was  always 
proportional  to  tlie  weight  of  the  rubbing  l>ody»  and  not  to  the 
quantity  of  surface;  and  that  it  increased  with  an  increase  of 
velocity,  but  was  not  proportional  to  the  augmentation  of 
celerity.  He  found  aUo  that  the  friction  of  smooth  soft  wood, 
Boving  upon  smooth  soft  wood,  was  equal  to  one-third  of  the 
weight;  of  rough  wood  upon  rough  wood,  one-half  of  the 
weight :  of  soft  wood  upon  hard,  or  bard  upon  soft,  one-fifth  of 
the  weight ;  of  polished  steel  upon  polished  steel  or  pewter, 
aoe-quarter  of  the  weight ;  of  polished  steel  upon  copper,  ooe- 
ftllh;  and  of  polished  steel  upon  brass,  one-sixth  of  the 
weight 

Columb  has  made  numerous  experiments  upon  friction,  and 
by  employing  large  bodies  and  ponderous  weights,  and  con- 
duciing  his  experimentii  on  a  large  scale,  he  has  corrected 
aeveral  errors  which  necessarily  arose  from  the  limited  ex- 
periments of  preceding  writers;  he  has  brought  to  light 
maoT  new  and  striking  phenomena,  and  confirmed  others 
which  were  hitherto  but  partially  established. 

We  cannot  in  a  uork  ot  this  kind  follow  M.  Columb  through 
his  numerous  and  varied  experiments;  all  that  can  be  ex- 
pected will  be  a  short  abstract  of  the  most  interesting  of  his 
resulU;  a  few  of  which  are  as  follow:  —  1.  The  friction  of 
homogeneous  bodies,  or  bodies  of  the  same  kind  moving  upon 
each  other,  is  generally  supposed  to  be  greater  than  that  of 
heterogeneous  bodies  ;  but  Columb  has  shewn  that  there  are 
exceptions  to  this  rule.  2.  It  was  generally  suppose<l  that  in 
the  case  of  wood,  the  friction  is  greatest  when  the  bodies  are 
drawn  contrary  to  the  course  of  their  fibres ;  but  Columb  has 
•hewn  that  the  friction  in  this  case  is  sometimes  tlie  smallest.  3. 
The  longer  the  rubbing  surfaces  remain  in  contact,  the  greater 
is  their  friction.  4.  Friction  is  in  general  proportional  to  the 
force  with  which  the  rubbing  surfaces  are  pressed  together, 
and  is  coniuionly  equal  to  between  one-half  and  one-quarter  of 
that  force.  .0.  Friction  is  not  ^lenerally  increased  by  angment- 
iag  the  nibbini;  surraces.  (>.  Friction  is  not  increased  by  an 
increase  of  veloeity,  at  least  it  is  not  generally  so  ;  ami  even 
in  some  cases  the  friction  decreases  with  an  increase  of  cele- 
rity. 7.  TLe  friction  (»r  cylinders  rolling  upon  an  horisontal 
plane  is  in  the  direct  ratio  of  their  weights,  and  in  the  inverse 
ratio  of  their  diameters. 

From  a  variety  of  experiments  on  the  friction  of  the  axes  of 
pulleys,  Columb  aUo  obtained  the  following  results  ; — When 
an  iron  axle  moved  in  a  brass  bush  or  bed,  the  friction  was 
ofie.«iith  of  the  pressure ;  but  when  the  bush  was  besmeared 
with  very  clean  tallow,  the  friction  was  only  oue-cleveuth ;  wlieo 


swine's  grease  was  interposed,  the  friction  amounted  to  -^r; 
and  when  olive-oil  was  employed  as  an  unguent,  the  friction 
was  never  less  than  |,  or  — •    When  the  ails  was  of  green 

oak,  and  the  bush  of  guaiacum-wood,  the  frietion  was  ^  wheo 
tallow  was  interposed ;  but  when  the  tallow  was  removed,  so 
that  a  small  quantity  of  grease  only  covered  tlie  surface,  the 
friction  was  increased  to  ^.  When  the  bush  was  made  of  elm, 
the  friction  was  of  similar  circumstances  Jj,  and  jy,  which  is  the 
least  of  all.  If  the  axis  be  made  of  box,  and  the  bush  of  guaia- 
cum-wood, the  friction  was  ^  and  ^^  circumstances  being  the 
same  as  before.  If  the  axle  be  of  box  wood,  and  the  bush  of 
elm,  the  friction  will  be  ^  and  ^  ;  and  if  the  axle  he  of  iroot 
and  the  bush  of  elm.  the  friction  will  be  ^  of  the  force  of  pret- 
sure.  In  wood  rubbing  upon  wood,  oil,  grease,  or  blaek-leadt 
properly  applied,  makes  the  friction  two-thirds  less.  Wheel* 
nav  es,  when  greased,  have  only  one-fourth  of  the  frietioo  they 
would  have  if  wet.  Hence  the  propriety  of  so  contriving 
wheel  naves  as  to  keep  the  grease  from  being  dissipated. 
W'hcn  polished  steel  moves  on  steel,  or  pewter  properly  oiled, 
the  friction  is  about  one-fourth  of  the  weight ;  on  copper  or 
lead,  one-fifth ;  on  brass,  one-sixth ;  and  oMtals  have  mora 
friction  when  they  move  on  metals  ojf  the  same  kind,  than  oa 
ditfereut  metals.  The  friction  of  a  single  lever  is  very  little. 
The  friction  of  the  wheel  and  axle  is  in  proportion  to  the  weighty 
velocity,  and  diameter  of  the  axle ;  the  smaller  the  diameter  of 
the  axlcy  the  less  the  friction.  The  frietion  of  pulleys  is  great, 
on  account  of  the  smallness  of  their  diameters  in  proportion  to 
that  of  their  axes  :  because  they  often  bear  against  the  blocks, 
and  from  the  wearing  of  their  holes  and  axles.  In  the  wedge 
and  screw  there  is  much  friction.  Screws  with  sharp  threads 
have  more  friction  than  those  with  square  threads,  and  endless 
screws  have  most 

An  easy  method  of  experimenting  on  the  friction  of  surfaecf , 
is,  to  place  a  plank  with  its  upper  snrfaoe  level ;  and  on  this  a 
thin  block  of  the  matter  to  be  tried,  with  a  cord  fixed  to  it, 
which  block  may  be  loaded  with  different  weights;  and  a 
spring  steelyard  attached  to  the  other  end  of  the  cord,  to  draw 
it  along  by,  will  shew  the  force  necessary  to  produce  motion. 
See  the  following  figure,  where  A  A  i^  the  plank,  B  the  block 
of  matter  to  be  tried  loaded  with  a  weight  W,  C  the  scale  of 
the  spring  steelyard ;  which  shews  the  force  required  to  over* 
come  the  frietion,  when  the  block  B  is  moved  bv  drawing  at 
the  hook  D.  By  attending  to  a  few  precautions,  the  friction  of 
surfaces  may  be  easily  asoortained  with  this  simple  apparatus. 
Thus,  to  try  the  frietioo  of  white  deal  on  white  deal,  theplaak 
A  A  was  of  that  substance,  as  well  as  the  block  B.    Then  a 


weight  \V  was  put  on  the  block,  when  the  block  and  the  load 
upon  it  amounted  to  9(1  lbs.  The  force  required  to  move  it 
from  rest,  as  shewn  by  the  steelyard,  was  7 lbs.;  and  when 
there  was  20  lbs.  more  weight  laid  upon  the  Mock,  the  force  to 
move  it  was  14  lbs.,  hence  we  find  that  the  friction  increases  in 
the  same  proportion  as  the  weight.  In  making  the  experi* 
ment  on  the  friction  of  wood,  the  block  moves  quickly  forward 
as  soon  as  you  have  gently  drawn  the  spring  to  the  measure  of 
its  friction  at  rest,  and  it  may  be  contiDued  in  gentle  motion  with 
a  less  degree  of  force.  Now,  if  you  continue  to  draw  steadily, 
so  as  to  give  the  block  the  slowest  regular  motion  it  will  take, 
the  scale  will  shew  the  frietioo  io  motioo  to  be  3|  lbs,  whca 
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the  load  is  20  lbs.,  and  7  lbs.  when  the  load  is  JO  lbs. ;  therefore 
the  friction  id  motion  is  not  sensibly  different  from  being  pro- 
portional to  the  pressure. 

The  relation  between  the  friction  and  the  pressure  is — 20  :  7 
i-^  100  :  ^ ;  that  is,  the  friction  from  rest  is  36  lbs.  when  the 
pressure  is  100  lbs.  or  35  per  cent,  in  white  fir  on  white  fir, 
drawn  in  the  direction  of  the  grain  of  the  wood,  when  the  rub- 
bing surfaces  of  the  fir  have  been  planed  true  and  even.  And 
the  friction  of  white  fir  on  white  fir,  in  motion,  is,  40  :  7  : :  100 
:  17|,  or  I7|  lbs.  when  the  pressure  is  100  lbs.  that  is,  17i  per 
cent 

In  trying  the  friction  in  motion,  the  slowest  regular  move- 
ment  should  be  obtained.  If  you  endeavour  to  produce  a  quicker 
motion,  you  will  find  that  a  greater  force  is  necessary ;  because 
it  requires  more  force  to  give  a  body  a  greater  velocity  than  a 
small  one,  though  the  friction  be  the  same.  Without  this 
explanation,  a  very  wrong  measure  of  friction  might  be 
adopted. 

The  friction  from  rest  of  white  fir  on  white  fir,  across  the 
grain,  is  not  quite  33 lbs.  when  the  pressure  is  100 lbs.:  but 
when  in  motion,  the  friction  is  sensibly  diflferent  from  that  in 
the  direction  of  the  grain. 

The  surface  of  the  block  In  the  preceding  trial  was  six 
square  inches,  and  when  it  was  reduced  to  three  square  inches, 
the  same  results  were  obtained.  In  these  trials  there  was  no 
attempt  made  to  ascertain  to  what  extent  it  was  possible  to 
reduce  the  rubbing  sut faces  without  increasing  the  friction. 

To  try  the  friction  of  metals  at  a  small  expense,  let  the  blade 

■.  saw  be  laid  flat  on  the  plank  A  A,  and  a  small  piece  of 
metal,  with  one  of  its  faces  ground  true,  will  serve  for  the 
moving  piece  B.  If  the  moving  piece  B  be  of  steel,  the  surfaces 
will  then  be  steel  on  steel,  and  the  friction  from  rest  is  sensibly 
the  same  as  the  friction  in  motion ;  t.  e,  20  lbs.  when  the  pressure 
was  100 lbs.,  or  the  friction  one-fifth  of  the  pressure.  When 
the  piece  B  was  of  oast  iron,  ground  true  and  even,  the  friction 
was  221bs.  when  the  surfaces  were  pressed  together  by  100  lbs. 
and  it  was  sensibly  the  same  at  the  first  moving  from  rest,  as 
to  continue  a  slow  motion.  When  the  piece  B  was  of  gun- 
metal,*  ground  true  and  even,  the  friction  was  only  15^  lbs. 
when  the  pressure  was  100  lbs.  and  the  same  in  slow  motion  as 
from  rest. 

From  these  experiments  it  will  appear,  that  the  friction  of 
different  combinations  of  matter  differ  very  considerably ;  and 
that  an  immense  quantity  of  power  may  be  lost  in  a  machine 
by  UBinf  those  substances  for  the  rubbing  parts  which  have 
great  friction.  We  see  that  in  a  combination,  where  gun-metal 
moves  against  steel,  the  same  weight  may  be  moved  with  a 
force  of  15|  lbs.,  which  it  would  require  22  lbs.  to  move  when 
cast  iron  moves  against  steel. 

The  resistance,  called  friction,  performs  important  offices  in 
nature  and  in  works  of  art.  Friction  destroys,  but  never  gene- 
rates motion.  Were  there  no  friction,  all  bodies  on.the  surface 
of  the  earth  would  be  clashing  against  one  another :  rivers 
would  dash  with  unbounded  velocity,  and  we  should  see  little 
besides  collision  and  motion.  As  it  is,  whenever  a  body 
acquires  a  great  velocity,  it  soon  loses  it  by  friction  against  the 
surface  of  the  earth ;  the  friction  of  water  against  the  surfaces 
it  runs  over,  soon  reduces  the  rapid  torrent  to  a  gentle  stream ; 
the  fury  of  the  tempest  is  lessened  by  the  friction  of  the  air  on 
the  face  of  the  earth  ;  and  the  violence  of  the  ocean  is  subdued 
by  the  attrition  of  its  own  waters.  Its  ofiBces  in  works  of  art 
are  equally  important. 

Our  garments  owe  their  strength  to  friction ;  and  the  strength 
of  ropes,  sails,  and  various  other  things,  depends  on  the  same 
cause ;  for  they  are  made  of  short  fibres,  pressed  together  by 
twisting,  and  this  pressure  causes  a  sufficient  degree  of  friction 
to  prevent  the  fibres  sliding  one  upon  another.  Without  fric- 
tion, it  would  be  impossible  to  make  a  rope  of  tht;  fibres  of 
hemp;  or  a  sheet  of  the  fibres  of  flax;  neither  could  the  short 
fibres  of  cotton  have  ever  been  made  into  such  an  infinite 
variety  of  forms  as  they  have  received  from  the  hands  of  our 
truly  imgenious  countrymen.  Wool  also  has  been  converted 
into  a  thousand  textures  for  comfort  or  for  luxury,  and  all 

these  are  constituted  of  fibres,  united  by  friction.    In  fine,  if 

■ — 

*  A  eompotitioD  of  oopptr  and  tin  ufcd  for  beariogi  in  maohinerr. 


friction  retards  the  motion  of  machines,  and  oontamas  a  large 
quantity  of  moving  power,  we  have  a  full  compensation  in 
other,  and  equally  necessary,  benefits  which  it  insures  to  as. 

Friction,  in  Medicine  and  Surgery,  the  act  of  rubbing  the 
surface  of  the  body,  whether  with  the  hand  only,  with  the  flesh- 
brush,  flannel,  or  other  substances,  or  with  oils,  ointments,  or 
other  medicinal  matters,  with  a  view  to  the  preservation  of 
health,  or  to  the  removal  of  particular  diseases.  In  delicate 
habits  the  use  of  the  flesh-brush,  or  gentle  robbing  with  the 
hand,  until  some  degree  of  glow  is  produced  on  the  sorlace 
of  the  skin,  may  contribute,  like  riding  or  other  speciei  of 
exercise,  to  support  or  improve  tlie  health.  The  wliolesome 
effects  of  friction  are  well  illustrated  by  the  advantages  of  cor- 
rying  horses  ;  the  benefits  derived  from  it  in  these  animals  aie 
generally  considered  as  equivalent  to  half  the  feeding. — Fric- 
tion is  an  efficacious  remedy  in  several  conditions  of  disease; 
particularly  in  chronic  iheumatisms  of  long  standing ;  la  mos- 
cular  contractions,  succeeding  to  rheumatism,  &c.  and  con- 
nected often  with  effusions  of  lymph;  in  some  states  of  para- 
lysis; in  certain  indolent  tumours,  &c.  In  these  cases,  a 
variety  of  unguents  and  liniments  is  recommended;  but  the 
friction  itself  is  the  principal  source  of  relief. 

FRIENDLY  Societies,  denote  associations,  chiefly  anoog 
the  most  industrious  of  the  lower  and  middling  class  of  trades- 
men and  mechanics,  for  the  purpose  of  affording  each  otiwr 
relief  in  sickness;  and  their  widows  and  children  soBt 
assistance  at  their  death.  These  have  been  thought  worthvdT 
the  protection  of  the  legislature,  to  prevent  frauds  which  hai 
arisen  from  the  irregular  principles  on  which  many  of  tbea 
were  conducted.  The  statute  33  Geo.  III.  c.  54,  provides, 
that  any  number  of  persons  may  form  themselves  into  a  societjr, 
and  raise  among  themselves  a  fund  for  their  mutual  beocft, 
and  make  rules  and  impose  fines.  The  roles,  declariag  tke 
purpose  for  which  such  societies  are  established,  are  to  be 
exhibited  to  the  quarter  sessions*  who  may  annul  or  coofini 
them  ;  in  which  latter  case,  they  are  to  be  signed  by  the  clerk  of 
the  peace.  No  rule  thus  confirmed  is  to  be  altered  but  at  a 
general  meeting  of  the  society,  and  subject  to  the  control  «f 
the  sessions. 

FRIEZE,  in  Architecture,  that  part  of  the  entablature  of 
columns  between  the  architrave  and  corniche.  Ancieotly 
friezes  were  enriched  with  figures  of  animals ;  in  modem 
times,  they  are  commonly  ornamented  by  figures  in  basso 
relievo. 

FRIGATE,  in  the  Navy,  a  light  nimble  ship,  built  for  the 
purpose  of  sailing  swiftly.  These  vessels  mount  from  tweaty 
to  forty-four  guns,  and  make  excellent  cruisers. 

FRiGATE-frutZr,  the  disposition  of  the  decks  of  snch  merehait 
ships  as  have  a  descent  of  four  or  ftve  steps  from  the  quarter- 
deck and  forecastle  into  the  waist,  in  contradistinction  totboie 
whose  decks  are  on  a  continued  line  for  the  whole  length  of  the 
ship,  which  are  called  galley-built.  Formerly  the  naaie  of 
frigate  was  only  known  in  the  Mediterranean,  and  applied  tea 
kind  of  long  vessels  navigated  in  that  sea  with  sails  and  can. 
The  English  were  the  first  who  appeared  on  the  ocean  witk 
those  ships,  and  equipped  them  for  war  as  well  as  commerce. 

FRIGORIFIC  Particles,  is  a  term  used  by  some  early 
philosophers  to  denote  what  they  considered  the  matter  of 
cold,  as  modern  philosophers  make  caloric  the  matter  of  heat 

FRIN6ELLA,  in  Ornithology,  a  genus  belonging  to  the 
order  of  passeres,  of  which  there  are  one  hundred  and  three spc* 
cies,  distinguished  principally  by  varieties  in  their  colour,  is 
the  carduelis,  or  goldfinch.  2.  Thecaelebs,  orchaflinch.  3.  The 
montifringilla,  or  bramling.  4.  The  domestica,  or  sparrow. 
5  The  spinus,  or  siskin.  In  the  bird-shops  in  London  it  is 
known  by  the  name  of  th^*  aberdavine.  It  is  a  dodle  species, 
and  is  often  kept  and  paired  with  the  canary-bird,  with  which  it 
breeds  freely.  6.  The  linota,  pr  linnet.  7.  The  cannabina,  or 
greater  red  pole,  which  frequents  our  sea- coasts,  and  is  oftea 
taken  near  London.  8.  The  linaria,  or  lesser  rcdpole,is  knowa 
about  London  by  the  name  of  stone  redpole.  9.  Tlie  montisD, 
or  twite,  about  the  size  of  a  linnet  10.  The  canaria,  or  canarj- 
bird,  originally  peculiar  to  those  islands,  to  which  it  owes  itf 
name.    These  birds  are  all  well  known. 

FRIT,  in  the  Manufacture  of  Glass,  is  the  matter  or  ingredi- 
ents of  which  the  glass  is  to  be  made,  when  they  have  betv 
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d  or  baked  in  m  farnace ;  and  these  ingredients  are  soda 
id  or  flint. 

m,  an  arm  of  the  sea,  as  the  frith  of  Forth,  the  frith  of 
he, 

2ISG,  ill  the  Woollen  Manufactories,  is  a  term  applied 

brminfc  of  the  l^nap  of  cloth  or  staff  into  any  number  of 

lard  burrs  or  prominences,  cot ering:  almost  the  whole 

thereof.  Some  cloths  are  only  frized  on  the  back,  as  black 

others  on  the  right  side,  as  coloured  and  mixed  cloths, 
1^  ba>^,  freezes,  &c.  Frizinj^  may  be  performed  two 
one  uith  the  hand,  that  is,  by  two  workmen,  who  con- 
kind  of  plank  that  scries  for  a  frizing  instrument.  The 
vay  is  by  a  mill,  worked  either  by  water  or  a  horse,  or 
nes  by  men.  This  latter  is  esteemed  the  better  way  of 
,  the  motion  bein^  uniform  and  regular,  and  the  little 
of  the  frizing  are  fonned  more  equably  and  regularly. — 
incture  of  this  useful  machine  is  as  follows:  The 
rincipal  parts  are,  the  frizcr  or  crisper ;  the  frizing- table ; 
B  drawer,  or  beam.  The  two  first  are  two  eqoal  planks, 
rds,  each  about  10  feet  long,  and  15  inches  broad  ;  differ- 
y  in  this,  that  the  frizing-table  is  lined  or  covered  with 
of  coarse  woollen  stuff,  of  a  rough,  sturdy  knap,  and  that 
ler  is  incrustated  with  a  kind  of  cement  composed  of 
am-arabic,  and  yellow  sand,  with  a  little  aqua  vitae,  or 

The  beam  or  drawer,  thus  called  because  it  draws  the 
rom  between  the  frize  and  frizing-table,  is  a  wooden 
beset  all  over  with  little,  fine,  short  points  or  ends  of 
ike  those  of  cards  used  in  carding  of  wool.  The  disposi- 
id  use  of  the  machine  are  thus ;  the  table  stands  immove* 
nd  bears  or  sustains  the  cloth  to  be  frized,  which  is  laid 
lat  side  uppermost  on  which  the  knap  is  to  be  raised. 
be  table  is  placed  the  frizer,  at  such  a  distance  from  it  as 
;  room  for  the  stuff  to  be  passed  between  them ;  ao  that 
ler,  having  a  very  slow,  semicircular  motion,  meeting  the 
lirs  or  knap  of  the  cloth,  twists  and  rolls  them  into  little 
or  burs,  while,  at  the  same  time,  the  drawer,  which  is 
lally  turning,  draws  away  the  stuff  from  under  the  frizer, 
iods  it  over  its  points. 

)G-FiSII  of  Surinam,  a  singular  animal,  which  is  pro- 
by  the  transformation  of  a  frog  into  a  fish.  In  Surinam 
fishes  are  called  jaVies.  They  are  cartilaginous,  of  a 
nee  like  our  mustela,  and  exquisite  food.  They  are 
1  with  regular  vertchre,  and  small  bones  all  over  the 
divided  into  equal  parts ;  are  first  darkish,  and  then  g^y  ; 
cairs  make  a  beautiful  appearance. 
)ST,  such  a  state  of  the  atmosphere  as  causes  the  eon- 
»n  or  freezing  of  water  or  other  fluids  into  ice.  In  the 
northern  parts  of  the  world,  cs^n  solid  bodies  are 
fd  by  frost,  though  this  is  only  or  chiefly  in  consequence 
moisture  they  contain,  which  being  frozen  into  ice,  and 
»anding,  as  water  is  known  to  do  when  frozen,  it  bursts, 
ends  any  thing  in  which  it  is  contained,  as  plants,  trees, 
,  and  large  rocks.    Many  lluids expand  by  frost,  as  water, 

expands  about  one-tenth  part,  for  which  reason  ice 
in  water;  but  others  again  contract,  as  quicksilver, 
lence  frozen  quicksilver  sinks  in  the  fluid  metal.  Frost, 
derived  from  the  atmosphere,  naturally  proceeds  from 
iper  parts  of  bodies  downwards,  as  the  water  and  the 

so  the  lonv^cr  a  frost  is  continued,  the  thicker  the  ice 
es  upon  the  water  in  ponds,  and  the  deeper  into  the 
the  Kfound  is  frozen. 

JTll  Si'lT.  or  ('t  CROW  Spit,  a  name  given  to  a  white 
»r  spume  very  common  in  the  spring.  It  forms  the  nidus 
leeics  of  cicada. 

JCTlFiCATlON,  the  tenninating  of  an  old  vegetable, 
e  beginnini;  of  a  new  successor.  See  Botany. 
JIT.  in  Hotauv,  is  that  part  of  a  plant  in  which  the  seed  is 
tied;  and /r«i/jr  arc  recent^  frrth,  and  r/rv«  according  as 
ave  been  gathered  for  immediate  use,  or  prepared  for 
iC  by  being  dried  in  the  sun.  or  otherwise  preserved. 
IT  StontM  swallowed.  \\\\\c  often  bt-en  the  cause  of  fatal 
lints  in  the  bowels  ;  for  th(»uirh  the  guts  are  so  defended 
ir  proper  mucus,  that  people,  and  children  especially, 
I  suffer  by  the  generality  of  things  they  devour;  >et  the 
rthc  skins  of  animals,  the  stumps  of  birds' feathers,  the 

vessels,  and  nerves  of  plants,  are  not  altered  by  the 
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stomach,  and  oft^n  collect  in  lumps  in  the  intestines,  prododof 
colics,  pains,  &c.  without  being  voided,  except  bj  the  most 
violent  punres. 

FRUSTUM,  in  Geometry,  is  the  part  of  a  solid  next  the  base, 
left  by  cutting  off  the  top  or  segment  by  a  plane  parallel  to  the 
base ;  as  the  frustum  of  a  pyramid,  of  a  cone,  of  a  conoid,  of  a 
spheroid,  or  of  a  sphere,  which  is  any  part  comprised  between 
two  parallel  circular  sections ;  and  the  middle  frustum  of  a 
sphere  is  that  whose  ends  are  equal  circles,  having  the  centres 
of  the  sphere  in  the  middle  of  it,  and  equally  distant  from 
both  ends. 

FUCUS,  a  name  given  by  the  ancients  to  certain  dyes  and 
paints.  By  this  name  they  called  a  purple  sea-plant,  used  by 
them  to  dye  woollen  and  linen  cloths  of  that  colour.  The  dye 
was  very  beautiful,  but  not  lasting ;  for  it  soon  began  to  change, 
and  in  time  went  wholly  off. 

Fucvs,  in  Botany,  a  genus  of  the  order  of  algie,  belonging  to 
the  cryptogamia  class  of  plants;  as,  1.  The  serratus,  serrated 
fucos,  or  sea-wrack,  frequent  upon  the  rocks  at  low-water- 
mark. 2.  The  vesiculosus,  bladder  fucus,  common  sea-wrack, 
or  sea-ware,  grows  on  the  sea-rocks  about  low-water-mark. 
This  species  is  an  excellent  manure  for  land ;  to  which  pur- 
pose it  is  often  applied  in  Scotland,  and  other  countries.  But 
the  most  beneficial  ose  to  which  the  fueus  vesiculosus  is  applied, 
is  in  making  kelp,  a  work  much  practised  in  the  Western 
isles.  The  manufacture  or  burning  of  kelp  employs  .lO.tKM)  per- 
sons in  Great  Britain,  and  it  sells  from  £4.  lUf .  to  £6.  5*.  a  ton. 

FUEL,  comprehends  the  fluid  inflammable  bodies ;  peat  or 
turf;  charcoal  of  wood;  pit-coal  charred ;  and  wood,  or  pit- 
coal  in  a  crude  state,  and  capable  of  yielding  a  copious  and 
bright  flame. 

FUGUE,  in  Music,  a  term  derived  from  the  Latin/n^*,  a  flight, 
and  signifying  a  composition  either  vocal  or  instrumental,  or 
both,  in  which  one  party  leads  off  some  determined  succession 
of  notes  called  the  subject,  which,  after  being  answered  in  the 
fifth  and  eighth  by  the  other  parts,  is  interspersed  through  tho 
movement,  and  distributed  amid  all  the  parts  at  the  pleasure 
of  the  composer,  sometimes  accompanied  by  other  adventitiot  t 
matter,  and  sometimes  by  itself.  There  are  distinct  descrip* 
tionsof  fugues ;  the  simple  fugue,  the  double  fugue,  and  counter 
fugue. 

FULCRUM,  in  Mechanics,  the  prop  or  support  upon  which 
a  lever  is  sustained.    iSVe  Lever. 

FULGORA,  or  Lantern  Fly,  an  insect  belonging  to  the 
hemiptera  order.  1.  The  Peruvian  lantern-fly  measures  nearly 
three  inches  and  a  half  from  the  front  to  the  tail,  and  about  five 
inches  and  a  half  from  wing  to  wing,  when  expanded :  this  beau- 
tiful insect  is  a  native  of  Surinam,  and  many  other  parts  of 
Sooth  America,  and  during  the  night  diffuses  so  strong  a  splen- 
dour from  its  head,  that  it  may  be  employed  for  the  purpose  of 
a  candle  or  torch  ;  and  it  is  said,  that  three  or  four  of  the 
insects  tied  to  the  top  of  a  stick,  are  frequently  used  by  travel- 
lers for  that  purpose.  2.  The  fulgora  eandelaria  is  a  smaller 
species  than  the  preceding,  and  is  a  nati^  e  of  China.  3.  Fulgora 
diadema  is  an  Indian  species;  its  colour  is  biown,with  red  and 
yellow  variegations ;  in  size  it  is  nearly  similar  to  that  of  the 
preceding  species. 

FLLIC  A,  the  iimltinule  and  €oot,  a  genus  of  birds  of  the  order 
of  gallie.  of  which  there  are  25  species,  IH  of  which  belong  to 
the  gallinule  division,  distinguished  by  having  the  toes  fur- 
nished with  broad  scalloped  membranes  ;  and  se«cn  comprehend 
the  coots,  which  have  the  toes  divided  to  their  origin.  The 
atra,  or  common  coot,  has  a  bald  forehead,  a  black  body,  and 
lobated  toes,  and  is  about  16  inches  in  length.  They  frequent 
lakes  and  still  rivers ;  making  their  nests  among  the  rushes, 
with  grass,  reeds,  &c.  floating  on  the  water,  so  as  to  rise  and 
fall  with  it. 

FILL  AND  By,  the  situation  of  a  ship  with  regard  to  the 
wind,  when  she  is  close-hauled,  and  sailing  in  such  a  manner 
as  neither  to  steer  too  nigh  the  direction  of  the  wind,  nor  to 
deviate  from  it ;  or  it  is  when  a  ship  is  as  close  as  she  will  lie 
to  the  wind  without  suffering  the  sails  to  shiver  ;  hence.  Keep 
htr  Fm//,  is  the  order  to  the  helmsman,  not  to  incline  too  much 
to  windward,  and  thereby  shake  the  sails,  which  would  retard 
the  ship's  velocity. 

FULLER,  a  workman  employed  in  the  wooUeo  manofae 
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toriea  to  mill  or-scoar  dothsy  serg^et,  and  otluvr  staffs,  in  order 
to  render  them  more  thick,  compact,  and  darable, 

FULLER'S  Earth,  a  well-koown  mineral,  generally  of  a 
greenish  white  colour,  more  or  less  mixed  with  brown,  gray,  or 
yellow;  of  a  soft  and  friable  texture,  and  somewhat  onctnons 
to  the  touch.  When  thrown  into  water,  it  immediately  absorbs 
it,  and  breaks  down  into  a  fine  pulp.  Its  great  utility  in 
removing  grease  from  woollen  cloths,  and  other  fabrics,  has 
^ven  this  earth  a  great  yalue  in  commerce,  and  its  exportation 
IS  prohibited  under  very  severe  penalties.  There  are  very 
extensive  beds  of  this  earth  in  several  counties  in  England,  as 
Kent,  Surrey,  Sussex,  and  at  Wavedon,  near  Woborn,  in  Bed- 
fordshire. In  no  country  in  the  world  is  such  excellent  fuller's 
earth  produced  as  at  Wavedon.  We  have  notiocd  the 
valuable  property  of  this  earth,  of  taking  grease  out  of  woollen 
and  other  cloths,  which,  on  a  large  scale,  is  effected  by  the 
operation  called  AiUiag,  whence  its  name  has  been  derived, 
lliis,  which  is  performed  by  a  kind  of  water-mill,  called  a 
fulling-mill*  is  particularly  necessary  with  respect  to  new 
eloths,  for  the  purpose  of  depriving  them  of  the  grease  and  oil 
which  has  been  used  in  their  preparation. 

In  the  dressing  of  cloth,  this  earth  is  so  indispensable,  that 
foreigners,  although  they  can  procure  the  wool,  are  never  able, 
without  fuller's-earth,  to  reach  the  perfection  of  the  English 
cloths ;  and  in  this  country  incalculable  quantities  of  it  are  ooa*' 
sumed.  As  an  article  of  domestic  utility,  it  might,  be  more 
frequently  used  than  it  is  for  the  cleaning  and  scouring  of 
wooden  floors  and  wainscots.  In  this  respect  it  might  be 
rendered  an  ezoellent  substitote  for  soap.  Seg  WooLLfiN 
Cloths. 

FULLING,  the  act  of  cleansing,  scouring,  and  pressing, 
stuffs,  cloths,  stockings,  &c.  to  render  them  stronger,  firmer,  and 
closer ;  called  also  willing^  because  these  cloths  are  in  faot 
scoured  by  a  wattr  null.  The  principal  parts  ot  tifulling-mUl 
are,  the  wheel  with  its  tmndle,  which  gives  motion  to  the  tree 
or  spindle,  whose  teeth  communicate  that  motion  to  the  pestles 
or  stampers,  which  fall  into  troughs,  wherein  the  cloth  is  put 
with  fuller's  earth  to  be  sooured,  and  thickened  by  this  process 
of  beating  it 

FULMINATING  PowDBa,  (from  fulmin^  to  thunder,)  is  a 
prepared  powder  which  explodes  upon  the  application  of  cer- 
tain degrees  of  beat»  with  instantaneous  combustion  and 
prodigious  loud  noise. 

Simple  fulminating  powder,  without  any  metallic  subslante,  is 
thus  prepared  ;  take  three  parts  of  nitre,  two  of  purified  pearK» 
ash,  and  one  of  flowers  of  sulphur ;  mix  the  whole  very  aeou^ 
rately  in  an  earthen  mortar,  and  place  it  on  a  tile  or  plate 
before  the  fire  till  it  is  perfectly  dry  ;  then  transfer  it- while  hot 
into  a  ground  stopper  bottle,  and  it  may  be  kept  without  ii^urir 
for  any  length  of  time«  In  order  to  experience  its  effects,  poor 
from  ten  to  forty  grains  into  an  iron  ladle,  and  place  it  over  a 
slow  fire ;  in  a  short  time  the  powder  becomes  brown,  and 
acquires  a  pasty  consistence;  a  blue  lambent  flame  then 
appears  on  the  surface,  and  in  an  instant  after  the  whole  ex- 
plodes with  a  stunning  noise  and  a  slight  momentary  flash. 
if  the  mass  be  removed  from  the  fire  as  soon  as  it  is  fused,  and 
kept  in  a  dry  well-closed  vial,  it  may  at  any  time  be  exploded 
by  a  spark,  in  which  case  it  burns  like  gunpowder,  but  more 
rapidly  and  with  greater  detonation  ;  bu|  this  effect  cannot  be 
produced  on  the  unmelted  powder,  how  apeorately  soever  the 
ingredients  of  it  are  mixed  together.  When  fulminating  pow- 
der is  in  fusion,  but  not  heated  to  the  degree  necessary  to 
produce  the  blue  flame,  a  particle  of  ignited  charcoal  thrown 
upon  it  will  occasion  immediately  a  remarkably  loud  explosion. 
It  appears,  that  the  ingredients  of  this  powder  do  not  acquire 
their  fulminating  property  till  combined  by  fusion ;  in  other 
words,  till  the  potash  of  sulphur  form  sulphuret  of  potash ; 
whence  fulminating  powder  may  also  be  made  by  mixing  sul- 
phuret of  potash  with  nitre,  instead  of  by  adding  the  sulphur 
and  alkali  separate.  In  all  these,  the  cause  of  the  detonation 
or  fulmination  is  not  accurately  understood.  In  simple  fulmi* 
tiating  powder,  there  is  a  very  large  portion  of  elastic  gas 
evolved :  in  fulminating  gold  or  silver,  a  much  smaller ;  yet 
the  explosion  in  the  latter  case  is  infinitely  greater  than  tliat 
in  the  former. 

Fulminating  Gold*    Dissolve  pure  gold  into  muriatic  acid  to 


saturation,  and  dilute  the  solution  vrith  three  times  its  bulkeff 
distilled  water,  and  add  to  it  graduaUy  some  pore  amaeniait 
a  yellow  precipitate  will  be  obtained,  whidi  must  be  repeatedly 
washed  with  distilled  water,  and  dried  on  a  chalk  stone,  er  it 
a  filter.  When  dry,  it  is  called  fulminating  gold,,  and  detonates 
by  heat,  as  may  be  shewn  by  heating  a  few  graina  of  it  on  the 
point  of  a  knife  over  the  candle. 

Fulminating  Silver,  Dissolve  fine  silver  in  pale  oitiie  aeid« 
and  precipitate  the  solution  by  lime  water ;  deeant  the  ioid, 
mix  the  precipitate  with  liquid  ammonia,  and  stir  it  till  it 
assumes  a  black  colour ;  then  decant  the  fluid,  and  leave  it  ia 
the  air  to  dry.  This  product  is  fulminating  silrer,  which  ean* 
not  even  be  touched  without  producing  a  violent  coq^losieB; 
Its  preparation  is  so  hazardous,  that  it-  ought  not  to  ht 
attempted  without  a  mask,  with  strong  glass  eyes,  upon  the 
face.  No  more  than  a  single  grain  ought  at  any  time  to  be  tiitd 
as  an  experiment.  . 

Mr.  Chenevix  has  invented  a  less  dangwons  falminating  sO* 
Ter,  which  is  thus  prepared:  Diffuse  a  quantity  of  alomiai 
through  water,  and  let  an  abundant  current  of  chlorine  gas 
pass  through  it  Then  digest  some  phosphate. of  silver  oa  the 
solution  of  the  chlorate  of  alumina,  andi  evaporate  it  slowiv; 
The  produce  will  then  be  a  hyperchlorate  of  silrer,  a  sinpt 
grain  of  which,  in  contact  with  two  or  three  of  sQlfter,  will 
explode  violently  with  the  slightest  friction. 

Fulminating  Mercury,  The  mercurial  prepanationa  whisk 
fulminate  when  mixed  with  sulphur,  and  gradaally  exposed  It 
a -gentle  heat,  are  well  known  to  chemists ;  they  were  disooverei 
by  Mr.  Bay  en. 

Mercnry,  and  most,  if  not  all  its  oxides^  may,  by.  treatoNBl 
with  nitric  acid  and  alcohol,  be  converted  into  a  whitish  cfyitti^ 
lised.  powder,  possessing  all  the  inflammable  properties  of 
gunpowder,  as  well  as  many  peenliar  to  itself. 

FUNCTION,  Animal,  applied  to  the  actions  of  the  body,il 
by  physicians  divided  into  vital,  animal,  and  naturaL  The 
vital  functions  are  those  necessary  to  lii^,  and  withoot  avWch 
the  individual  cannot  subsist ;  as  the  notion. of  tlie:  btlVtl 
lungs,  &c.  The  natural  functions  are  those  which  the  body 
cannot  subsist  any  considerable  time  without,  as  the  digestioa 
of  thealiment.and  its'  conversion  into  blood.  Aninud  fnnottem 
include  the  senses  of  touching,  tasting  &c.  memory,  judgment, 
and  voluntary  motion. 

Function.  A  quantity  is  said  to  be  a  function  ofanothsr 
quantity,  when  ita  value  depends  on  that  quantity  and  knewa 
quantities  only  ;  and  it  is  said  to  be  a  function  of  several  quaa^ 
titles,  when  its  value  depends  on  those  quantities  aad  Juumtb 
quantities  only. 

FUNDAMENTAL  Note,  In  Music,  the  principal  note  in  a 
song  or  composition,  to  which  all  the  rest  are  adapted :  it  il 
also  called  the  key  to  the  song. 

FUNDS,  THE  Public,  in  a  political  sense,  mean  the  money 
lent  by  the  nation  to  government,  and  icnown  as  the  Nnn^md 
Debt,  and  for  which  the  lenders,  or  their  assig^nees,  reeiivf 
interest  from  revenues  allotted  for  that  purpose.  For  npwanls 
of  a  century  past,  the  war  expenses  of  the  government  have  Atf 
exceeded  the  prodoce  of  the  taxes  ;  hence  the  govemmeot  h« 
been  compolled  to  borrow  on  the  security  of  the  taxes  on  pro* 
perty  ;  and  the  accumulated  national  debt,  at  the  present  time, 
is  estimated  at  about  830  millions,  for  the  re-pay mentefwhieli^ 
and  its  interest,  31  millions,  all  the  property  of  the  coaBtiy» 
stands  mortgaged.  The  interest  of  this  debt  is  regularly  paid 
at  the  Bank  of  England  from  the  produce  of  the  taxes.  Hence 
it  is  that  persons  who  have  spare  money  either  gladly  soheeribt 
to  loans,  or  purchase  of  public  creditors  their  abaree  of  tkt 
public  debt,  called  Stock,  There  are  several  kinds  of  stock  or 
funds,  according  to  the  annual  interest,  as,  3  per: cent,  stookt 
3i  per  cent,  stock  ;  and  4  per  cent,  stoek. 

To  purchase  stock,  or  to  put  money  in  the  stoeks,  is  4o 
become  a  creditor  of  the  nation,  by  buying  a  title  to  so  madi 
interest.  Of  course,  the  price  of  stoek  varies  according  si 
money  is  more  or  less  plentiful,  as  there  are  more  or  fever 
buyers,  and  as  the  opinion  of  public  credit  is  high  or  low.  As 
£100  produces  5  per  cent,  at  lawful  interest,  the  4  per  cent  il 
at  par  at  £80 ;  the  3|  at  £70 ;  and  the  3  per  cent,  at  £O0l  Tbi 
stocks  are  high  or  low,  as  they  prodoce  less  or  more  thanlegal 
interest,  and  as  they  vary  above  or  below  par*- 
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Simkinff  FUHD.  Id  order  to  pay  off  the  nmtionkl  debt.  Dr. 
Price  (UirKCSled,  in  17M,  in  f  spedieat  of  meroinic  >  millioD 
per  ananin,  with  which  to  purchase  itook  for  the  public,  and  to 
apply  all  it*  iatereit  id  further  porchaaea,  bo  that  the  fuad 
■boold  iocreate  in  the  ratio  of  compoaad  iatereit.  Upwards 
of  three  huodred  thouiand  per  aDnum  was  aneraards  ndded, 
and  the  whole  called  TMe  Sinking  Fund.  A  farlhet  plan  of 
repnjnifnt  wai  adopted  in  ITBl.  uf  appropriating  one  pound  of 
eterv  hundred  borrowed  in  future,  to  the  lame  principle  of 
•ccuinnlation.  it  beiufc  known  that  ooe  pound  at  compound 
inlcrcit  will  produce  £99  in  04  years,  or  £60,  the  par  price  of 
the  3  per  cents,  in  M  yean.  The  accumulation  of  these  vari- 
oai  means  had  enabled  the  public  conimiaiioaers  on  the  1st  of 
Fehruar;,  1HI4,  to  redeem  254  millions  ot  the  debt,  to  bnj  up, 
aad  to  make  annual  purchases  of  upaards  of  eleven  millions, 
ao  ihal  the  whole  of  Ibc  prcseut  debt  ma;  be  redeemed  b; 
thrsc  means  within  forty  years;  supposinK,  as  wai  actually 
dune  in  1823,  that  five  or  six  intllioDS  annually  can  be  appro- 
priated to  thii  fund. 

The  expenses  of  the  |tof  eminent,  or  the  npplirt  required  of 
parliament,  amnuntcd,  in  1814,  to  nearly  120  millions  per 
■nnuiB,  of  which  tS  million*  were  fur  the  nary ;  39  miUioni  for 
the  army  and  ordnance;  33  millions  for  the  interest  of  the 
national  debt ;  and  the  rest  for  the  civil  list  and  miicellaoeous. 
During  the  year  endinc  January  5.  1822,  tbe  poblje  expendi- 
ture was  abofc  31  mlllioni.  of  which  fi*e  millions  and  a  half 
were  for  the  navy,  and  nino  raillioni  and  a  quarter  for  ibe  anSv 
and  ordnance,  two  millions  for  the  civil  list.  Etc.  and firo mlllioni 
for  intrrcst  of  enchcquer  bills  and  sinking  fund,  oier  and  above 
tbe  inlerest  of  the  public  debt,  BiuooDtlnx  to  31  millioaa. 

The  nrjrf  anu  mtam  for  railing  the  above  supplies  are,  by 
dnliri  of  customs  and  excise ;  by  assessed  taxes,  by  stauip  aud 
Icfarv  diilics.  ntid  ht  licenses  of  vaiicus  klodi. 

FL'NOI,  the  name  of  tlifl4th  order  of  the  24th  class  of  vpRe- 
tables,  in  the  Laannan  system,  comprehend ing  the  moshroom 
kind.  This  order  in  Linnvas  contains  lOfceoer a.  Tbe  ancienta 
oaUad  funici  children  of  the  earth,  to  indicate  the  obscurity  of 
tbeir  origin.  The  modems  have  likewise  been  at  a  loss  iu  what 
raak  to  place  tbcm :  some  rrferrinf  tbem  to  tbe  animal,  some 
10  the  retcetable,  and  others  to  the  mineral  kinftdom.  Messrs. 
Wilck  and  Muncbaosen  have  not  scrupled  to  rank  them  in  the 
nnaibtir  of  animal  productions :  because  when  frajcinents  of 
tkem,  or  their  seed,  were  mneerated  in  water,  they  perceived  a 
^■aatity  of  animalcules  discharfied,  which  they  supposed  capa- 
bte  of  bcin)c  changed  into  the  same  sobstance. 

The  maahrooBt  is  one  of  the  most  perishable  of  plants,  attd 
therefom  the  most  favourable  for  tbe  generation  of  insects. 
ComiderinK  the  quickness  of  its  f^wth,  it  must  be  furnished 
with  a  power  of  copious  absorption ;  the  eatremities  of  its 
veaaola  must  be  more  dilated  than  in  other  plants.  Its  root 
t**m»  in  many  cases  lo  be  merely  inlended  for  its  support ;  for 
some  spFric*  (trow  upon  stones  or  moveiible  sand,  from  which 
It  is  impoiksible  (hat  they  can  draw  much  nourishment.  Wc 
nnM  thcrFfiirc  suppose,  that  it  i«  chiefly  by  the  stalk  that  they 
absorb.  These  stalks  (trow  in  a  moist  and  tainted  air,  in  which 
float  muliitades  of  fffn,  so  small,  that  the  very  insects  thry 
produrearc  uilh  dlHiculty  srrnhy  the  ntiaroscope.  A  tiuantily 
of  these  efcirs  arr  probably  absorbed  by  the  vessels  of  the  fun- 
^s.  and  remain  there  without  any  citange,  (ill  the  plant  bcfrini 

FtrNGrS.  in  Sorfery.  denotes  any  sponicy  excrescence. 

Fl'SICULAKM^CHiNa.  is  a  term  used  to  denote  an  assem- 
Uax«of  corda.  by  menns  of  uhich  two  orroany  powers  sailain 
aae  or  many  «eifrht«.  Thin  is  classed  by  some  authurs 
anong  tbe  simple  mcehanical  powers,  and  is  tbe  simplest  of 
thna  all.  la  order  lo  find  the  law  of  njuitibrium  in  this 
maebiiK,  wemosi  first  reduce  all  ihe  pnuers  which  meet  nt  one 
point  to  a  single  power,  by  the  melhihJ  of  I'umposilion  of  forces  ; 
which  sinfle  power  must  act  in  the  direction  of  the  cord, 
this  brla^  etidrnti*  necessary  for  estahlishioK  an  e(|uilibrium  ; 
followiaK  this  method,  we  may  reilnee  all  the  posers  which 
set  on  different  poio(sorthe  mrd,  to  a  system  of  poaers  acliox 
in  tbe  same  potot.  Then  lo  cslablisb  (lie  perfect  equilibrium, 
reduce  those  powers,  which  act  all  on  Ihe  same  point,  to  one 
c^nraleBt  fumrw,  and  we  shall  have  two  powers  only,  which 
«a|M  t*  ba  («)Hal>  and  aciiaf  in  coairary  directions. 


Fl'R,  in  Commerce,  the  skiD  of  a  wild  beast  dressed  in 
alum,  with  tbe  hair  on;  and  used  as  part  of  dress  by  persona 
ofever^  rank,  aocordinx  as  custom,  etiquette,  eaprlee,  or  wealth, 
may  dictate.  The  principal  part  of  the  fors  sold  in  Brilal* 
come  from  onr  possessions  in  Canada,  or  are  bronf^hi  thither 
to  the  merchants  li;  (he  Indians ;  and  In  one  year  (berv  ara 
usually  purchased. 


1M.UU0  Beaver  skins, 

2,  KM  Bear  do. 

I. SOU  Fox    do. 

4,IN)0  Kite  fox  do. 

4,6UU  Otter  do. 
17,000  Musquash  do. 
32.000  Marten  do. 

1,800  Mink  do. 


9.000  LvM  akins, 

OUO  Wolverino  do. 
1,6&0  Fisber  do. 

1(M  RackooD  do. 
3,(W0  Wolf  do. 

TOO  Elk  do. 

7fiO  Ueerdo. 
1,200  Ditto,  drt$Md, 


fiUO  Uulfalo  robei,  and  an  Immense  quantity  of  castoream. 

All  which  are  received  in  excban^  for  icoods  shipped  frost 
this  country,  as  coarse  woollen  cloths,  blankets,  arms,  ammu- 
nition, tobacco,  Manchester  and  Glasgow  goods,  linens,  sbeeU 
incs.  thread,  hardware,  cutlery  and  iranmoniery,  kettles,  pots, 
shoes,  bats,  hose,  spirits,  &c. 

This  will  be  better  illustrated  by  tho  following  statenoiK:^ 
We  will   suppose  the  exchange  to  be  taada  iu   tho   Indian 
country  In  IttM-A. 
1.  The  order  for  (he  goods  was  sent  to  this  conolry, 

London,  for  example 361h  October,         \«2U 

3.  They  are  shipped  from  London, March,  Ih23. 

3.  They  arrive  in  Montreal June,  Iioa. 

4.  They  are  made  ap  In  parcels,  of  90  lbs.  weight  each,  in 

the  course  of  that  summer  and  winter 1821 

a.  They  are  sent  f^om  Montreal, May,  1S33. 

e.  The;  arrive  lo  Ihe  Indian  coantry,  and  are  excbanged 

for  furs  in  Ihe  following  winter. 1873—1824. 

7.  Whtcb  furs  come  to  Montreal, September,      1834. 

H.  And  are  shipped  fur  London,  where  they  are  sold  in 

March  and  April,  and  paid  for  in  May  or  June 1823. 

Thus  the  merohants  tie  on(  of  their  money  three  years,  fron 
the  time  they  parefcase  the  commodities  in  England  (ill  the; 
receivo  tbeir  re(urna,  and  in  all  four  yeais  are  ooniumed  bcfera 
one  order,  and  its  consequent  sales,  are  completely  closed. 

FURLINQ,  the  operation  of  wiapping  or  railing  a  sail  dost 
Dp  (o  the  yard. stay,  or  matt,  to  which  it  belongs,  and  windin;: 
a  gasket  or  cord  about  i(.  to  fasten  it  thereto.  Furling  in  t 
Hady,  is  a  particular  method  of  rolling  up  a  topsail,  only  prac- 
tised in  harbour,  and  is  performed  by  gathering  all  (be  loos* 
part  of  the  sail  into  the  top  about  the  herl  of  tbe  top-mast 
whereby  the  yard  having  as  little  rolled  on  it  as  possible, 
appears  much  thinner  and  lighter  than  when  the  sail  is  forled 
iri  the  usual  manner,  which  is  sometimes  termed,  for  dislinctioo 
sake. furiingin  the  bunt.  Furling  £ii»,denotesacord  employed 
in  this  operation.  Furling  Linii  are  generally  flat,  and  are 
known  by  (he  name  of  gaskets. 

Fl'RLONO,  a  long  measure,  equal  to  one-eighth  of  aaiilr.oi 
forty  poles.  It  Is  also  used  in  some  law  books,  lor  the  eighth 
part  of  an  acre. 

FCRN.ACE.  is  a  vessel  or  building  for  the  purpose  of  con- 
laining  combustible  and  fusible  matters,  whether  of  coal,  or 
wood,  or  metal.  Bod  so  constructed,  that  great  heat  may  be 
produced  and  concrntratcd.  Furnaces  are  as  various  as  thr 
purposes  tu  which  tbry  are  applied;  but  tbe  rcuuisites  of  n 
good  furnace  arr,  I.  To  be  able  to  L-oucentrate  toe  brat,  and 
direct  it  as  much  as  possible  lo  the  substances  to  be  acted 
upon.  2.  To  prevent  the  dissipation  of  the  heat  alter  it  li 
produced.  3.  Tu  obtain  the  greatest  qoanlity  of  beat  frnm  tbe 
smallest  quantity  of  fuel :  and  4.  To  be  able  lo  regulate  at 
pleasure  tbe  necessary  degree  of  heat,  and  have  It  wholly  at  the 
artist's  manageiuent.  .As  far  as  furnaces  were  necessarily 
connecird  aith  the  word  Vkrmitlrf,  we  noticed  them  under 
that  article  :  we  shall  in  this,  though  it  be  in  fact  but  a  mora 
extensive  application  of  chemistry,  describe  some  particular 
farnares.  We  premise,  however,  that  under  tbe  word  llcL- 
Lnwt,  we  have  shewn  bow  a  continued  Umtt  ma;  be  kept  up  in 
any  furge  or  furnace. 
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FURHACE/orl 
Mm  Smokt. — Fig.  I  repreieDU 
M  vertical  lection,  and  Sg.  2  m 
front  TJew  of  a  steam  boiler, 
furoisbed  with  a  imekx  eoa- 
tttming  fumaee,  and  the  lame 
letters  refer  in  both  to  the 
■ame  parts  of  the  construclion 

The  openintt  A,  through 
which  the  fnel  is  introdaced 
into  the  fninace.   ia   shaped 


the  brick  work  H,  H.  From 
the  mouth  it  iodines  down 
ward  to  the  place  where  the 
flre  reits  at  the  bottom  of  the 
grate  B.  The  eoals  in  this 
hopper  answer  the  purpose  of 
■  door,  and  those  that  are 
lower  are  broiiKht  into  a  state 
of  i^ition  before  they  are 
forced  into  the  furnace.  A 
■hotter  of  thin  plate-iroa  is 
sometimes  laid  over  the  hop 
per,  to  prevent  the  entrance 
of  air  by  that  passage.  Be 
low  the  lower  plate  of  the 
hopper  K,  e  the  furnace  ia 
provided  with  a  grated  door 
G,  kept  io  its  position  by  the 
catch  L,  which  not  only  serves 
to  admit  air  to  the  fuel,  but  allows  the  workmen  to  posh  back 
the  fuel  from  time  to  time,  from  e  to  d,  to  make  room  for  fresh 
quantities  to  fall  into  the  furnace  from  the  hopper.  The  refuse 
of  the  fuel  is  cleared  out  by  opening  the  grated  door.  The 
■moke  passes  from  the  raw  coali  over  those  burning,  by  the 
breast  b,  before  it  can  reach  the  flue  F  F  F.  In  this  way  it  is 
hnrned,  and  but  a  small  quantity  escapes  np  the  chimney. 
However,  by  a  simple  contrivance  of  a  cast-iron  plate  a  n, 
above  the  fuel,  a  space  i*  left  between  it  and  the  hopper,  for 
the  admission  of  fresh  air,  a  thin  stream  of  which  rushing 
downthe  opening.comes  incontact  with  the  smoke  given  ouLby 
the  freshest  coal,  and  mixing  with  it  in  its  passage  overthe  fuel 
Id  a  high  stale  of  combustion,  enables  it  to  enflame  it  so  com- 
pletely, that  not  a  particle  of  smoke  ever  escapes  uu  decomposed. 
BIbU  FUKNACE/or  SnieUing  Iron,  with  part  of  the  Blowing 
Machine.    A  is  the  regulating  cylinder,  8  feet  diameter,  and 

8  feet  high.  B,  the  floating  piston,  loaded  with  weights  pro- 
portionate to  the  power  of  the  machine.  C,  the  valve  by  which 
the  air  is  pressed  from  the  pumping  cylinder  into  the  regula- 
tor ;  its  length  26  inches,  and  breadth  11  inches.  D,  the  aper- 
ture by  which  the  blast  is  forced  into  the  furnace.  Diameter 
of  this  range  of  pipes,  18  inches ;  the  wider  the  better,  as  ooca- 
■ioning  less  friction,  and  affording  a  more  powerful  column  of 
air.    E  is  the  blowing  or  pumping  cylinder,  6  feet  diameter, 

9  feet  high  :  journey  of  the  piston  in  this  cylinder,  from  S  to  7 
feet  per  stroke.  F  is  the  blowing  piston,  and  a  view  of  one  of 
the  valves,  of  which  there  are  sometimes  two,  sometimes  four, 
distributed  over  the  surface  of  the  piston.  G,  a  pile  of  solid 
■tone  building,  on  which  the  regulating  cylinder  rests,  and  to 
which  the  fianch  and  tilt  of  the  blowing  cylinder  are  attached. 
H,  the  safety  valve,  or  eock  j  by  the  simple  turniog  of  which 
the  blast  may  be  admitted  to  or  shut  off  from  the  furnace,  and 
passed  off  to  a  collstcral  tube  on  the  opposite  side.  I,  the 
tuyere,  by  which  the  blast  enters  the  furnace.  The  end  of  the 
tapered  pipe,  which  approaches  the  tuyere,  receives  small 
pipes  of  various  diameters,  from  3  to  3  inches,  called  noie  pipet, 
which  are  applied  at  pleasure,  and  as  the  strength  and  velo- 
city of  the  blast  may  require.  K,  the  bottom  of  the  hearth. 
3  feel  square.  L,  the  top  of  the  hearth,  3)  feel  square.  K  L, 
the  height  of  the  hearth,  6t  feet.  L  is  aluo  the  bottom  of  the 
bushes,  which  terminate  of  the  same  size  as  the  top  of  the 
hearth,  only  the  former  are  round  and  the  latter  square.  M, 
the  top  of  the  bushes,  12  feet  diameter,  and  8  feet  perpendicu- 
lar.   N,  the  top  of  the  fnrnace,  at  which  the  materials  are 


charged  commonly  3  feat  diameter.  N  N,  tb«  latemd  cavhr 
of  the  furnace  from  the  top  of  the  bushes,  30  feet  high.  Nl, 
total  height  of  the  internal  parts  of  the  futnace,  44^  feet.  00, 
the  lining  of  fire  bncks,  13  inches  long    and  3  inche*  AM. 


P  P  B  space  all  round  three  Incliea  broad  filled  witt  eaks 
dust  to  allow  tor  expansions  and  contractioos  of  the  iiaer 
brick  lin  ng  Q  Q  the  second  lining  similar  (o  the  firaL  K, 
a  cast-iron  lintrl,  on  which  the  bottom  of  th«  aroh  is  sappoftel 
R  S,  the  rise  of  the  arch.  S  T,  the  height  of  the  arch  on  Hi 
outside,  14  feet,  and  18  feet  wide.  VV,  the  extremeaoTAl 
hearth,  10  feet  square.  This  and  the  bush  stonea  are  amtOj 
made  from  a  coarse-grained  freestone,  whose  fracture  preieall 
large  rounded  grains  of  quartz,  connected  by  meuis  of  ceaeal 


less  pure. 


Fig.  1  represents  the  foundation  of  ttl 
furnace,  and  a  full  view  of  the  maaaerti 
which  the  false  bottom  is  conatnielaA 
A  A.in  theupperflgure,  thebuttomstaw 
ofthehearth.  B,in  the  same  fiKvre,i>i 
stratum  of  bedding  sand.  CC.  ps^ 
sages  by  which  the  vapours,  which  mayW 
generated  from  the  damps,  are  panel 
off.  D,  D,  pillars  of  brick.  The  kttai 
in  the  horizontal  view  of  the  same  Bgore, 
coh-espond  to  similar  letten  in  the  dot- 
ted elevation. 

Fig.  2,  A  A,  horlcontal  aaclioa  tlOt 
diameter  of  the  bushes,  the  lining  asd 
vacancy  for  stui&ng  at  H.  C,  ia  a  view 
of  the  top  of  the  hearth  at  L. 

Fig.  3.  A  vertical  side  section  of  tht 
hushes  and  hearth,  shewing  the  tyap 
and  dam  stones,  and  the  tymp  and  daM 
plates,  a,  the  tyrap  stone.  (,  the  lyvp 
plate,  which  is  wedged  firmly  ;'  "" 
8-one,  to  keep  it  firm  in  case  of  ■! 
by  the  great  heat    C,  the  dam  i 

J    which  occupies  the  whole  breadlb  of  At 

/  bottom  of  the  hearth,  excepting  aboal 
6  inches,  which,  when  tho  fumaee  is  at 
^  S  work,  is  filled  every  cast  with  stroaf 
sand.  This  stone  U  surroanded  by  aa 
iron  plate  of  considerable  tbickneaa.  aad 
of  a  peculiar  shap«,  d,  and  froia  ibil 
called  the  dam  plate.  The  top  of  tba 
dam  stone  and  plate  Is  two,  thre^  a* 
four  inches  under  the  level  of  the  tayn* 
bole.     The  apace  betwixt  the  bottom  af 
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the  tymp  and  the  dotted  line  it  rammed  fall  of  ftronfc  sand, 
and  sometimes  fine  clay.  This  is  called  the  tyrnp  stoppinfc, 
and  prevents  any  part  of  the  blast  from  being  unnecessarily 
expended. 

The  furnace  being  finished,  the  bottom  and  sides  of  it,  for 
two  feet  up  the  square  funnel,  receive  a  linin|c  of  common  brick 
upon  edtce.  to  prevent  the  stones  from  shivering  or  moaldering, 
nheu  the  fire  comes  in  contact  with  it.  On  the  front  of  the 
furnace  in  erected  a  temporary  fire-place,  about  4  feet  long, 
into  the  bottom  of  which  are  laid  corresponding  bars.  The 
aide  walls  are  made  so  high  as  to  reach  the  under  surface  of 
the  upper  tymp  stone ;  excepting  a  small  space,  which  after- 
wards receives  an  iron  plate  1 4  inch  thick,  by  way  of  cover. 
This  also  prevents  the  tymp  stone  from  injury  by  the  flame.  A 
^TC  is  now  lighted,  and  fed  with  small  coals,  and  as  the  whole 
cavity  of  the  furnace  serves  as  a  chimney  for  this  fire,  the 
draught  is  consequently  violent,  and  the  volume  of  beat  car- 
ried up  is  very  considerable.  In  the  course  of  three  weeks, 
the  furnace  will  be  sufficiently  dried  for  the  reception  of  the 
iron  materials.  By  the  introduction  of  a  few  baskets  of  loose 
fuel  and  coke,  upon  the  bottom  of  the  furnace,  then  more,  and 
to  on,  as  it  ignites,  the  furnace  is  filled,  or  |tbs  filled.  The 
furnace  before  us  will  contain  900  baskets  of  coke,  each  1  lOlbs. 
or  9U,0lX)Ibs.  of  coke  in  all;  and  every  third  day  this  is 
renewed,  when  the  furnace  is  full^  worked.  The  operation  of 
the  furnace  is  kept  up  by  specific  quantities  of  coke,  iron- 
stone, and  blast-cinders,  being  added.  The  descent  of  the 
charge  is  facilitated  by  opening  the  furnace  below  two  or  three 
times  a  day,  throwing  out  the  cold  cinders,  and  admitting  for 
an  hour  or  two  a  fresh  body  of  air,  when  the  iron-stone  begins 
to  fuse,  and  drop  like  lava  through  the  iron  bars.  The  filling 
above  is  regularly  continued  till  the  furnace  acauires  a  good 
heat  above,  and  then  the  blast  is  introduced  as  follows  : 

The  dam  stone  is  laid  in  its  place,  firmly  imbedded  in  fine 
clay ;  the  dam  plate  is  again  imbedded  on  this  with  the  same 
cement,  and  is  subject  to  the  same  inclination.  A  channel  is 
made  for  the  scoria,  down  which  it  flows  in  large  quantities. 
The  tuyere  hole  is  now  opened,  and  lined  with  a  mixture  of  fine 
clay  and  loam, — the  blast  is  introduced,  at  first  with  a  small 
discharging  pipe,  which  is  afterwards  increased,  and  in  a  few 
hours  a  quantity  of  lava  will  be  accumulated.  By  various 
minor  operations,  the  metal  is  finally  conducted  into  moulds,  or 
•OK-i,  and  when  detached  from  these,  is  termed  pitjf  iron.  In 
six  days  after  the  commencement  of  blowing,  the  furnace  ought 
to  have  worked  itself  clear. 

Iron  is  a  well-known  metal,  of  a  livid  grayish  colour,  hard 
and  elastic,  and  capable  of  receiving  a  high  polish.  Its  weight 
is  nearly  eight  times  as  great  as  that  of  water.  It  is  seldom  found 
in  a  native  state,  but  occurs  abundantly  in  almost  every  coun- 
try of  the  world  in  a  state  of  oxyde,  and  mineralized  with  sul- 
phuric, carbonic,  and  other  acids.  It  is  found  in  plants,  in 
several  kinds  of  coloured  stones,  and  even  in  the  blood  of 
animals.  After  iron  ore  has  boen  dug  out  of  the  earth  it  is 
broken  into  sniall  pieces  by  machinery,  then  washed,  to  detach 
the  grosser  particles  of  earth  which  adhere  to  it ;  then  thrown 
into  a  furnace,  as  described  above,  mixed  with  a  certain  por- 
tion of  limestone  and  charcoal,  for  the  purpose  of  being  melted. 
Near  the  bottom  of  each  furnace  there  is  a  tap-hole,  through 
which  the  liquid  metal  is  discharged  into  the  furrows  of  a  sand 
bed.  The  larger  mass,  or  that  which  flows  into  the  main  furrow, 
is  called  a  loif-;  the  smaller  ones  are  denominated  pips  of  iron; 
and  the  sreneriil  name  of  the  inelal  in  this  state  is  cntt  iron. 

Cast  iron  is  distinguishable  by  its  properties  of  being,  in 
iceneral.  so  hard  as  to  resist  both  the  hammer  and  the  file, 
hcing  extremely  brittle,  and  for  the  most  part  uf  a  dark  gray 
or  blackifth  colour.  A  great  number  of  useful  and  important 
articles  are  formed  of  cast  iron,  such  as  stoves,  grates,  chimney 
hacks,  pots,  boilers,  pipes,  cannon  sliot,  &c.  The^e  are  made 
hj  casting  ladles  full  of  the  rough  metal  into  moulds  shaped 
for  the  purpose,  in  sifted  sand. 

Wrought  iron.  The  process  of  converting  cast  iron  into 
wroochtor  malleable  iron,  is  called  hhammff.  The  cast  iron  is 
put  into  a  furnace,  and  melted  by  the  flume  of  combustibles, 
which  is  made  to  play  upon  its  surface,  a  workman  constantly 
stirring  it.  until,  notwithstanding  the  continuance  of  the  heat, 
ii  gradually  acquires  consistency  and  congeals.    It  is  then 

as. 


taken  out  while  hot,  and  violently  beaten  with  a  large  hammer 
worked  by  machinery.  See  Foar.K  Hammer.  In  this  state  it  is 
formed  into  bars  for  sale.  By  means  of  this  metal  the  earth 
has  been  cultivated.  Without  it,  houses,  cities,  and  ships 
could  not  have  been  built ;  and  few  arts  could  have  been  prac- 
tised. It  forms  also  the  machine! y  by  which  the  most  uneful 
and  important  mechani(«il  powers  are  generated  and  applied. 

Steel  is  usually  made  by  a  procc^ts  called  cemeniation.  This 
process  consists  in  keeping  bars  of  iron  in  contact  with  pow- 
dered charcoal,  during  a  state  of  ignition  for  se%-eral  hours  in 
earthen  troughs,  or  crueibles,  the  mouths  of  which  are  closed 
up  with  clay.  Steel,  if  heated  to  redness,  and  suffered  to 
cool  slowly,  becomes  soft;  but  if  it  he  plunged  whilst  hot  into 
cold  water,  it  acquires  extreme  har<lness.  And  by  heating 
steel  to  diflferent  degrees,  it  receives  difl'erent  degrees  of  tem- 
per, from  that  which  renders  it  proper  for  files,  to  that  which 
fits  it  for  the  manufacture  of  watch-springs.  All  kinds  of  edge 
tools,  where  excellence  is  required,  are  made  of  steel ;  and  a 
steel  instrument  may  be  known  from  an  iron  one,  by  letting 
fall  upon  it  a  drop  of  aqua-fortis  ;  if  it  be  steel,  this  will  occa- 
sion a  black  spot,  but  if  it  be  iron,  it  will  not  have  this  eflVxt. 

FURNITURE,  in  Dialling,  certain  additional  points  and 
lines  drawn  on  a  dial,  by  way  of  ornament  rather  than  utility, 
such  as  the  signs  of  the  zodiac,  length  of  the  days,  parallels  of 
declination,  azimuths,  points  of  the  compass^  meridians  of 
chief  cities,  Babylonic,  Jewish,  or  Italian  towns. 

FUSE,  of  a  Bomb  or  Grenado,  is  that  which  makes  the 
whole  powder  or  composition  in  the  shell  take  fire.  Fuses  are 
chiefly  made  of  dry  beech-wood  or  hornbeam.  The  composi- 
tion of  fuses  is  saltpetre  3,  sulphur  1,  and  mealed  powder  3, 
4,  or  five  parts. 

FUSEE,  in  Clock  Work,  is  that  part  drawn  by  the  spring, 
and  about  which  the  chain  or  string  is  wound. 

FUSIBILITY,  that  quality  of  metals  which  renders  them 
liquid  ;  or  pet  haps,  we  may  define/ujr&iViiy  to  be  the  property 
in  metals,  which,  when  a  strong  heat  is  applied  to  them,  per 
mits  the  atoms  of  which  they  are  composed,  to  disengage 
themselves,  and  become  solutile  or  fluid,  (rold  is  more  fusible 
than  iron  or  copper; — or,  the  atoms,  of  which  it  is  composed 
have  a  readier  affinity  to  heat  than  iron  or  c(»pper,  and  do 
thereby  separate  into  an  infinity  of  particles  sooner  than  iron 
or  copper.  But  silver,  tin,  and  lead,  are  dissolved  sooner 
than  gold,  which  shews  that  the  atoms  of  these  metals  ha%e  a 
greater  affinity  to  the  heat  applied  to  them  than  gold.  Borax 
and  some  other  substances  are  frequently  mived  with  mrtals 
to  render  them  more  fusible,  which  shews  either  that  the  borax 
augments  the  heat,  or  that  a  particular  affinity  takes  place 
between  the  metal  and  borax,  in  the  aff^ection  of  both  to  become 
liquid,  by  their  attraction  or  cohesion. 

FUSILEERS,  in  the  British  service,  are  soldiers  armed  like 
the  rest  of  the  infantry,  with  this  difference,  that  their  muskets 
are  shorter  and  lighter  than  those  of  the  battalion  and  the 
grenadiers. 

FUSION,  the  action  of  fire,  or  rather  of  caloric,  on  solid 
bodies,  by  which  they  are  made  to  pass  into  the  state  of  fluidity, 
and  a  body  rendered  liquid  by  fire  is  said  to  be  in  fusion,  that 
is,  to  flow  or  melt.  Some  bodies  cannot  be  rendered  fluid  by 
any  heat.  These  are  called  infusible,  or  fire-proof.  Several  of 
them  may,  however,  be  fused  by  adding  other  bodies,  which  are 
called  fluxes.    See  Fi.i'xr.s. 

FUST,  or  Fai'st,  John,  a  goldsmith  of  Mentz,  and  one  of 
the  three  artists  who  invented  the  art  of  printing,  (wuttrmherp 
invented  wooden  blocks,  which  resembled  the  stereotype  plates 
of  the  present  day.  Srhtefer,  the  son-in-law  of  Fust,  indented 
punches  and  matrices,  by  means  of  w  hich  this  noble  art  was 
carried  to  perfection  at  once :  and  Fust  supplied  money  to 
carry  on  the  business.  Fust  visited  Paris  in  I4(if{.  to  sell  a 
.second  edition  of  his  Bible,  and  died  of  the  pUeue,  which 
carried  off  4(t.0tN)  souls  in  the  months  of  August  and  .September 
alone.  The  monks,  whom  printing  deprived  of  emoluments 
arising  from  the  copying  of  manuscripts,  afterwards  invented 
the  romance  of  Fmustus^  the  magician,  and  his  sellinir  himself 
to  the  devil  for  *24  years,  just  as  John  Tsetses,  the  monk,  in  his 
Chiliads  of  the  Twelfth  Century,  palmed  upon  the  world  the 
romantic  tale  of  lielisarius.  Now  Belisarius  did  n«)t  lose  his 
sight,  nor  was  he  ever  reduced  to  beggary,  though,  from  a  c^m* 
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tpiracy  formed  against  the  Teteran  general,  he  was  acoased  to 
Justinian  as  a  rebel :  his  life  was  spared,  but  his  fortunes 
were  sequestered,  and  from  June  to  December  he  was  guarded 
as  a  culprit  in  his  own  palace.  But  at  length  his  innocence 
was  acknowledged,  bis  freedom  and  honours  restored,  and 
eight  months  afterwards  he  died  in  his  own  palace. 

FUSTIAN,  a  cloth  made  of  cotton  yarn,  both  woof  and  warp, 
though  many  cloths  of  this  name  are  made,  of  which  the  warp 
is  flax,  or  even  hemp. 

FUSTIC,  Yellow  Wood.  This  wood,  the  morus  tinctoria,  is 
a  native  of  the  West  Indies.  It  afl'ords  much  colouring  matter, 
which  is  very  permanent.  The  yellow  given  by  fustic  without 
any  mordant  is  dull,  and  brownish,  but  stands  well.  The  mor- 
dants which  are  employed  with  weld,  act  on  it  in  a  similar 


manner,  and  by  their  means  the  colour  is  rendered  mom 
bright  and  fixed.  As  it  abounds  more  with  coloaring  matis 
than  weld,  a  less  quantity  will  suflSce.  The  yellow  of  fiistio 
inclines  more  to  orange  than  that  of  weld. 

FUTTOCKS,  the  middle  division  of  a  jhip's  timbers,  or  thoie 
parts  which  are  situated  between  the  floor  and  the  top  timben. 
Those  next  the  keel  are  called  ground  futtocksy  and  the  rest 
upper  futtooks. 

FuTTOCK  Shrouds^  or  Foot  Hook  Sknmds.  Hie  epithet  imk 
is  frequently  applied  in  common  language  to  any  tMng  bent  or 
incurvated,  and  particularly  to  several  crooked  timbers  iat 
ship,  as  the  breast-hooks,  fore-hooks,  after-books,  &c.  Tlus 
term  is  evidently  derived  from  the  lowest  part  or  foot  of  the 
timber,  and  from  the  shape  of  the  piece. 


G. 
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GAG 


vJ9  the  seventh  letter  of  our  Alphabet ;  as  a  numeral  it  was 
used  by  the  ancients  to  denote  400,  and  with  a  line  over  it, 
40,000.  In  Music,  it  is  the  mark,  of  the  treble  clef;  and  from 
its  being  placed  at  the  head,  or  marking  the  first  sound  in 
Guido's  scale,  the  whole  scale  took  the  name  of  Gamut 

GABEL,  a  word  in  old  records,  signifying  a  tax,  rent,  custom, 
or  service,  paid  to  the  king  or  lord. 

GABIONS,  in  Fortification,  baskets  made  of  osier-twigs, 
which,  being  filled  with  earth,  serve  as  a  shelter  from  the 
enemy's  fire. 

GABLE,  in  Architecture,  the  upright  triangular  end  of  a 
bouse,  from  the  eaves  to  the  chimney  top. 

GAD,  among  Miners,  a  punch  of  iron,  with  a  wooden  handle, 
used  to  break  up  the  ore. 

GAD  Fly,  or  Breezt  Fly,  names  given  to  the  black  and 
ydlow-bodied  oestrus,  a  fly  nearly  as  large  as  the  common  blue 
flesh  fly. 

GADOLINITE,  a  mineral  found  in  Sweden,  and  called  after 
Gadolin,  who  first  ascertained  its  composition.  The  colour,  a 
black  or  brown.  It  is  brittle,  and  the  specific  gravity  is  4*0497. 
With  borax  it  melts  into  a  topaz»yellow  glass. 

GADUS,  the  Cod,  a  genus  of  fishes  belonging  to  the  order  of 
jngolares,  of  which  there  are  seventeen  species.  The  general 
rendezvous  of  the  cod  fish  is  on  the  banks  of  Newfoundland, 
and  the  coasts  of  Cape  Breton,  Nova  Scotia,  and  New  England. 
The  cod  grows  to  a  very  large  size :  Mr.  Pennant  mentions  a 
specimen  which  weighed  78ibs.  and  measured  5  ft.  8 in.  in  length, 
and  5  ft.  in  girth  round  the  shoulders ;  but  the  general  weight 
is  from  14  to  40  lbs. 

The  food  of  the  cod  is  small  fish,  worms,  testaceous  or  crus- 
taceoos  animals,  such  as  crabs,  &c.  and  its  digestion  is  so 
powerful  as  to  dissolve  the  greatest  part  of  the  shells  it  swallows. 
The  fishermen  are  well  acquainted  with  the  use  of  the  air  blad- 
der or  sound  of  this  fish,  and  dexterously  perforate  the  living 
fish  with  a  needle  to  let  out  the  air  contamed.  The  sounds, 
when  salted,  are  reckoned  a  delicacy.  A  species  of  isinglass  is 
also  prepared  from  this  part  of  the  fish  by  the  natives  of  Iceland. 
The  haddock,  whiting,  dorse,  coal  fish,  ling,  and  turbot,  are  spe- 
cies of  the  cod. 

GAFF,  a  sort  of  boom,  used  in  small  ships,  to  extend  the 
upper  edge  of  the  mizzeo,  and  employed  for  the  same  purpose 
on  those  sails  whose  foremost  edges  are  joined  to  the  masts  by 
hoops  or  lacings,  and  which  are  usually  extended  by  a  boom 
below  ;  such  are  the  main-sails  of  sloops,  brigs,  and  schooners. 
The  foremost  end  of  the  gafi'is  furnished  with  two  cheeks  forming 
a  semicircle,  which  enclose  the  after  part  of  the  mast,  and  is 
secured  in  this  position  by  a  rope  passing  from  one  of  the 
cheeks  to  the  other  on  the  fore  side  of  the  mast,  on  which  are 
strung  several  small  wooden  balls,  called  trucks,  to  lessen  the 
friction  of  the  rope  on  the  mast  when  the  sail  is  hoisting  or 
lowering.  It  is  further  secured  in  this  situation  by  a  rope 
passing  from  one  of  the  cheeks  to  the  other  on  tlie  fore  side  of 


the  mast,  and  to  prevent  the  friction  of  this  rope  upon  the  aait, 
by  hoisting  or  lowering,  several  little  wooden  balls,  called 
trucks,  are  hung  upon  it,  in  the  same  manner  as  beads  are  bong 
upon  the  Indians'  strings  of  wampum. 

GAGE,  is  a  term  employed  to  denote  various  instrumeoti 
used  for  measuring  the  state  of  rarefaction  in  the  air-pooq^ 
variations  in  the  barometer,  &c.  The  Gage  of  the  Air  Pnmf 
is  of  a  variety  of  forms,  as,  the  Barometer  Gage^  the  5ypA«i 
Gage^  the  Pear  Gage^  &c. 

Short  Barometer  Gage  is  merely  the  lower  part  of  a  barosM- 
ter,  or  a  tube  about  eight  or  nine  inches  in  length,  filled  wtti 
mercury,  and  immersed  with  its  aperture  into  a  small  quantity 
of  the  same  fluid,  contained  in  a  glass  vessel  which  forms  tte 
cistern.  This  gage  is  either  placed  under  the  receiver  upoi 
the  principal  plate  of  the  pump,  or  it  is  placed  under  a  sepa- 
rate small  receiver  on  an  auxiliary  plate  attached  to  sooe 
pumps  for  this  purpose.  As  this  gage  is  not  equal  to  a  wbolt 
barometer,  it  will  not  begin  to  shew  the  state  of  rarefaction  tfl 
after  three-fourths  of  the  air  have  been  exhausted,  that  is,  wbei 
the  elasticity  of  the  remaining  air  is  about  one-fourth  of  tkat 
of  common  air,  the  barometer  itself  being  but  about  one-fourdi  of 
the  usual  height  of  the  mercury ;  but  after  this,  the  farther  de- 
crease of  elasticity  is  exhibited  by  the  sinking  of  the  mercury, 
and  a  graduated  scale  attached  to  the  instrument. 

There  is  another  gage,  called  the  Long  Barometer  Giat, 
which  works  in  a  similar  manner,  and  indicates  the  state  sf 
rarefaction  on  nearly  the  same  principles. 

Syphon  GkQE,  This  diflfers  from  the  short  barometer  gage, 
only  in  this ;  that  instead  of  terminating  in  a  small  cistern,  ia 
this  gage  the  tube  is  bent,  and  rises  upwards  with  its  apeiture, 
which  by  means  of  a  brass  tube  is  made  to  communicate  with 
the  inside  of  the  pump,  so  that  the  ascending  leg  of  the  tabe 
performs  the  office  of  a  cistern. 

Pear  Gage.  This  is  the  invention  of  Mr.  Smeaton,  and  ii 
thus  denominated  from  its  form,  which  resembles  that  of  a  pear. 
This  gage  does  not  indicate  the  rate  of  rarefaction  as  it  pro- 
ceeds, but  shews  the  ultimate  state  to  which  it  was  carried 
after  the  re-admission  of  the  air.  The  gage  is  suspended  ia 
the  receiver,  and  exhausted  to  the  same  degree ;  but  when  this 
is  carried  on  as  far  as  is  intended,  the  open  orifice  of  the  ga{:e 
is  let  down  into  a  vessel  of  mercury,  which,  upon  the  re-admn- 
sion  of  the  air,  is  forced  into  the  pear,  and  thus  the  ultinuite 
state  of  rarefaction  is  determined. 

Gage  of  the  Barometer,  is  a  contrivance  for  estimating  tk 
exact  degree  of  the  rise  or  fall  of  the  mercury  in  the  barometricil 
tube.  It  is  obvious,  that  when  the  mercury  sinks  in  the  tube  it 
rises  in  the  cistern,  and  vice  versa;  and  as  the  distance  between 
the  divisions  graduated  on  the  annexed  scale,  and  the  soiface 
of  the  mercury  in  the  cistern,  is  not  truly  shewn  by  the  noa* 
hers  on  the  scale,  errors  must  happen  in  determining  the  exiet 
height  of  the  mercury.  To  remedy  this  inconvenience,  a  line 
is  cut  upon  a  round  piece  of  ivory,  which  is  fixed  near  the 
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i;  this  line  is  mccaratelj  placed  at  a  f^vcn  distance  from 
ale,  as  fur  instance,  twenty-aeven  inches ;  and  a  small 
if  cork,  with  a  c^lindric  piece  of  ivory  fixed  to  its  upper 
e,  (on  which  a  line  must  be  cut  at  a  distance  of  two 
.,  exactly  from  the  under  surface  of  the  oork,)  is  left 
jr  freely  on  the  quicksilver,  and  the  cylinder  works  in  a 
i  made  in  the  other  piece;  from  this  construction  itap. 

that  if  these  marks  are  made  to  coincide,  by  raising  or 
n^  the  serew  whirh  acts  on  the  quicksilver,  then  the 
ins  on  the  scale  will  express  the  true  measure  of  the  dis-» 
from  the  .surface. 

IE  of  the  ( V>fi//ryiier,  is  a  glass  tube  of  a  particular  con- 
ion,  adiipted  to  the  condensing  engine,  and  designed  to 
the  exact  density  and  quantity  of  the  air  contained  at  any 
n  the  condenser. 

Gaue,  is  an  instrument  invented  by  Dr.  Hales  and  Dr. 
ulicrs,  for  finding  the  depth  of  the  sea,  the  description 
ch  is  this.  A  H.  in  the  annexed  flgure,  is  the  gage-bottle, 
lich  is  ecmented  the 
:uhe  K/,  in  the  brass 
.  G.  The  tipper  end  of 
ibe  K,  is  herinetieally 
,  and  the  open  lower 
,  is  immcrsied  in  nier- 
marked    C,   on   which 

a    small    ipmntity   of 
N     (hi    the    tup  of  the 

is  screwed  a  tube  of 
H  O.  pierred  uilh  seve- 
ies,  to  udniit  the  water 
he  bottle  V  II.  The 
K,  is  a  wei);ht  han;;- 
its  shank  L.  in  a  soeket 
;h  a  nttteh  on  one  side 
in  whiih  is  fixed  the 
/  of  tiie  spring  t,  and 
g  through  the  hole  L, 
shank  oi  the  weight  K, 
its  its  falling  out  when 
lUng  on.  On  the  top, 
upper  part  of  the  brass 
t  II,  \»  lixed  a  lar;ce  empty  ball,  or  full-blown  bladder  I, 
must  not  be  so  lai^e.  but  that  the  weight  Kmay  be  able 
.  the  whole  under  water.  The  instrument  thus  construct- 
used  in  the  following  manner: — The  weight  K  being 
on,  the  f;age  is  let  full  into  deep  water,  and  sinks  to 
ttuni ;  the  sork<  t  \  is  somewhat  longer  than  the  shank 
1  thereroro.  aftei  tlie  weight  K  comes  to  the  bottom,  the 
till  roiiiiiiue  to  descend,  till  the  lower  part  of  the  socket 
(  again  it  the  wei;;ht;  this  gives  liberty  to  the  catch  to  fly 
hole,  H hereby  the  weight  K  is  disengaged  ;  whcnthi&  is 
the  b.ill  or  bladder,  I,  iustantl)  buo)s  up  the  gage  to  the 
the  water.  While  the  gage  is  below,  the  water,  having 
:cess  to  the  trraele  and  mercury  in  the  bottle,  will  by  its 
re  font'  it  up  into  the  tube;  and  K/i,  the  height  to  whirh 
bern  iMrrcd  hy  t!ie  greatest  pressure,  ri:.  that  at  the 
I,  will  he  shew  I)  by  the  mark  in  the  tube  whirh  the 
^  leaies  hehind  it,  and  which  is  its  ouly  use.  This  shews 
hat  »pare  the  whole  air  in  the  tube  E/is  eompresseil, 
m.^e(|ut  iitl\  the  height  or  depth  of  tlie  water,  which  by 
'iuht  produced  that  euuipression,  whidi  is  the  thing 
rd. 

le  i:nue  tube  K  /"were  of  glass,  a  scale  might  be  drawn 
kith  the  point  of  a  diamond,  shewing  by  inspertinn  what 
the  water  stands  above  the  bottom.  But  the  length  of 
!ics  is  not  suilieient  for  fathoming  depths  at  sea.  because, 
all  the  air  in  such  a  leuftth  of  tube  is  compressed  into 
n  in(  h,  the  dt  pih  ot'  water  is  not  more  than  G3I  feet, 
is  hot  hair  a-«piart('r  of  a  mile. 

>  renird>  this,  we  make  use  of  a  tube  M)  inches  long, 
for  >ti'  M-th  may  he  a  muskot-barrel.  and  suppose  the 
Ripre^M  tl  into  an  hundredth  part  of  an  inch;  then  by 
,  HH  1  :  inf : :  4«M) :  .fiNiiX)  inches,  or  .TMH)  feet;  even  this  is 
lie  m>>rr  than  half  a  mile,  or  2G4(t.  liut  since  it  is 
able  to  suppose  the  cavities  of  the  sea  bear  some 
lion  to  the  muuntainuus  parts  of  the  land,  some  of  which 
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are  more  than  three  miles  above  the  earth's  aarface ;  therrfoiv, 
to  explore  such  great  depths,  Ur.  IIalecoDtri%rd  a  new  form  for 
his  sea  gage,  or  rather  for  the  gage-tube  in  it,  which  is  as  foU 
lows: — BC  D  F,  is  a  hollow  metallic  globe,  couimunieating  on 
the  top  with  a  long  tube  A  B.  whose  capacity  is  a  ninth  part  of 
that  globe.  On  the  tower  part  at  1),  it  has  also  a  short  tube 
1)  E,  to  stand  in  the  mercury  and  treacle.  The  air  contained 
in  the  compound  gage-tube  is  compressed  by  the  water  as 
before;  but  the  degree  of  compression,  or  height  to  which  the 
treacle  has  been  forced,  cannot  here  be  seen  through  the  tube ; 
therefore,  to  answer  that  end,  a  slender  rod  of  metal  or  wood, 
with  a  knob  on  the  top  of  the  tube  A  B,  wiiJ  receive  the  mark 
of  the  treacle,  and  shew  it  when  taken  out. 

If  the  tube  A  B  be  jO  inches  long,  and  of  such  a  bore  that 
every  inch  in  length  shall  be  a  euhic  inch  of  nir,  and  the  coo- 
tents  of  the  globe  and  tube  together  6(IU  cubic  inches;  then, 
when  the  air  is  compressed  within  an  hundredth  part  of  the 
whole,  it  is  evident  the  treacle  will  not  approach  nearer  than 
flic  inches  of  the  top  of  the  tube,  which  will  agree  to  the  depth 
of  :W(K)  feet  of  water  as  above.  Twice  this  depth  will  compress 
the  air  into  nearly  half  that  space,  rir.  2^  inches,  eorrespomling 
to  6()U0,  which  is  a  mile  and  a  quarter.  Again,  half  that  space, 
or  11  inch,  will  shew  double  the  former  depth,  ntr.  13.9(IU  feet. 
Of  *2\  miles,  which  is  probably  very  nearly  the  greatest  depth  of 
the  sea. 

Bucket  Sem  G4GR,  i«  an  instrument  contrived  by  Dr.  Hales  to 
find  the  dilferent  degrees  of  coolness  and  saltnessof  the  sea,  at 
different  depths,  eonsikting  of  a  common  household  pail  or 
bucket  with  two  heads  to  it.  These  heads  have  each  a  round 
hole  in  the  middle,  near  four  inches  diameter,  and  covered  with 
valves  opening  upwards,  and  that  they  ma>  both  open  and 
shut  together,  there  is  a  small  iron  rod  fixed  to  the  upper  part 
of  the  lower  valve,  and  at  the  other  end  to  the  under  part  of 
the  upper  valve ;  m  that  as  the  bucket  descends  with  its  sink- 
ing weight  into  the  sea,  both  the  valves  open  by  the  force  of 
the  water,  which  by  that  means  has  a  free  passage  through  tho 
bucket  But  when  the  bucket  is  drawn  up,  then  both  the 
valves  shut  by  the  force  of  the  water  at  the  upper  part  of  the 
bucket :  whereby  it  is  brought  up  full  of  the  lowest  sea-water 
to  which  it  has  descended. 

When  the  bucket  is  drawn  up,  the  mercurial  thermometer, 
fixed  in  it,  is  examined ;  but  icreat  care  must  be  taken  to 
observe  tJie  degree  at  which  the  mercury  stands,  before  the 
lower  part  of  the  thermometer  is  taken  out  of  the  water,  in  the 
bucket,  as  it  would  otherwise  be  altered  by  the  dillerent  tem- 
perature of  the  air.  In  order  to  keep  the  bucket  in  a  richt 
position,  there  are  four  cords  fixed  to  it,  reaching  about  four  feet 
below  it,  to  which  the  sinking  weight  is  attached. 

Tide  Gage.  This  is  an  instrument  used  for  determining  the 
height  of  the  tides,  b}  Mr.  Ba>ley,  in  the  course  of  a  vo>age 
towards  the  south  pole,  hic,  in  the  Resolution  and  Adventure, 
in  the  years  177*2,  1773,  1774,  177.'>.  This  instrument  consists 
of  a  glass  tube,  whose  internal  diameter  was  seven-tenths  of  an 
inch,  lashed  fast  to  a  ten-foot  fir  rod,  divided  into  feet,  inches, 
and  parts ;  the  rod  being  fastened  to  a  strong  post  fixed  firm 
and  upright  in  the  water.  At  the  lower  end  of  the  tube  was  an 
exceedingly  small  aperture,  through  which  the  water  waa 
admitted.  In  consequence  of  this  constructiim,  the  surface  of 
the  water  in  the  tube  was  so  little  affected  by  the  agitation  of 
the  sea,  that  its  height  was  not  altered  the  tenth-part  of  an 
inch,  when  the  swell  of  the  sea  was  two  feet,  and  Mr.  Bay  ley 
was  certain,  that  with  this  instrument  he  could  discern  a  differ- 
ence of  the  tenth  of  an  inch  in  the  height  of  the  tide. 

Wind  Guii,  is  an  instrument  for  measuring  the  force  of  the 
wind  upon  any  |:i% en  surface.     See  AM.NoiiKri.K. 

G.icjK,  among  Letter  Founders,  a  piece  of  box, or  other  hard 
wood,  variously  notched;  the  use  of  which  is  to  adjust  the 
dimensions,  slopes.  6u?.  of  the  different  sorts  of  letters.  There 
are  several  kinds  of  these,  as  the  flat-gage,  the  face-gage,  the 
italic- gage,  fiicc. 

iff  AGE,  .S7ff/iM/7,  a  tool  used  by  Mathematical  Instrument- 
makers,  for  measuring  and  setting  off  distances.  It  is  also  uf 
use  in  letter  cutting,  and  making  of  moulds. 

GALVNTHUS.  the  .Viu»«-  Drop,  a  genus  of  the  nionor^nia 
order,  in  the  hexandria  class  of  plants,  and  in  iba  uatural 
method  ranking  ondvr  (he  ninth  order,  apathaccM. 
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GALAXY,  Via  Lactba,  or  Milky  Way,  in  Astronomy,  that 
long,  iuminoas  track  or  zone,  which  encompasses  the  heavens, 
forming  nearly  a  great  circle  of  the  celestial  sphere.  It  is 
inclined  to  the  piano  of  the  ecliptic  at  about  an  angle  of  60^, 
and  cats  it  nearly  at  the  two  solstitial  points.  It  traverses  the 
constellations  Cassiopeia,  Perseus,  Auriga,  Orion,  Gemini, 
Canis  Major,  and  the  Ship,  where  it  appears  most  brilliant  in 
southern  latitudes;  it  then  passes  through  the  feet  of  the  Cen- 
taur, the  Cross,  the  southern  Triangle,  and  returns  towards  the 
Borth  by  the  Alter,  the  tail  of  the  Scorpion,  and  the  arc  of 
Sagittarius,  where  it  divides  into  two  branches,  passing  through 
Aquila,  Sagitta,  the  Swan,  Serpentarius,  the  head  of  Cepheus, 
and  returns  into  Cassiopeia. 

Milton  also  speaks  of  it  in  the  following  beautiful,  and  appro- 
priate language : — 

**  A  broad  and  ample  road,  whoie  du«t  is  gold. 
And  paye meat  stars,  as  stars  to  thee  appear. 
Seen  in  the  Galaxy,  that  milky  way. 
Which  nif^btly,  as  a  circling  zone  thoa  seest. 
Powdered  with  stars." 

The  ancients  had  many  singular  ideas  as  to  the  cause  of  this 
phenomenon;  but  modern  astronomers  have  long  attributed  it 
to  a  great  assemblage  of  stars,  and  Dr.  Herschel  has  conOrmed 
these  conjectures,  having  discovered,  in  a  space  of  about  15^ 
long,  by  2^  broad,  no  less  than  50,000  stars.  This,  however, 
instead  of  satisfying  the  curiosity  of  astronomers,  only  gave 
rise  to  farther  inquiries  and  hypotheses ;  amongst  others,  that 
of  Dr.  Herschel's,  which  is  very  interesting;  he  supposes  the 
sidereal  universe  to  be  distributed  into  nebulas  and  clusters  of 
stars,  and  the  milky  way  to  be  that  particular  cluster  in  which 
our  sun  is  placed.  In  a  paper  on  the  construction  of  the 
heavens.  Dr.  Herschel  says,  it  is  very  probable,  that  the  great 
stratum  called  the  milky  way,  is  that  in  which  the  sun  is  placed, 
though  perhaps  not  the  centre  of  its  thickness,  but  not  far  from 
the  place  where  some  smaller  stratum  branches  from  it.  Such 
a  supposition  will  satisfactorily,  and  with  great  simplicity, 
account  for  all  the  phenomena  of  the  milky  way,  which, 
according  to  this  hypothesis,  is  no  other  than  the  appearance 
of  the  projection  of  the  stars  contained  in  this  stratum,  and  its 
secondary  branch. 

In  another  paper  on  the  same  subject,  he  says,  **  We  will  now 
retreat  to  our  own  retired  station  in  one  of  the  planets  attend- 
ing a  star  in  the  great  combination  with  numberless  others ; 
and  in  order  to  investigate  what  will  be  the  appearances  from 
this  contracted  situation,  let  us  he^\n  with  the  naked  eye. 
The  stars  of  the  first  magnitude,  being  in  all  probability  the 
nearest,  will  furnish  us  with  a  step  to  begin  our  scale  ;  setting 
off,  therefore,    with    the  distance  of  Sirius  or  Arcturus,  for 
instance,  as  unity,  we  will  at  present  suppose,  that  those  of  the 
second  magnitude  are  at  double,  and  those  of  the  third  at  treble 
the  distance,  and  so  forth.    Taking  it  then  for  granted,  that 
a  star  of  the  seventh  magnitude  is  about  seven  times  as  far 
from  us  as  one  of  the  first,  it  follows  that  an  observer,  who  is 
enclosed  in  a  globular  cluster  of  stars,  and  not  far  from  the 
centre,  will  never  be  able,  with  the  naked  eye,  to  see  the  end  of 
it ;  for  since,  according  to  the  above  estimations,  he  can  only 
extend  his  view  about  seven  times  the  distance  of  Sirius,  it 
cannot  be  expected  that  his  eyes  should  reach  the  borders  of  a 
cluster,  which  ha5,  perhaps,  not  less  than  fifty  stars  in  depth 
every  where  around  him.    The  whole  universe,  therefore,  to 
him,  will  be  comprised  in  a  set  of  constellations,  richly  orna- 
mented with  scattered   stars  of  all  sizes.     Or  if  the  united 
brightness   of  a   neighbouring  cluster  of  stars  should,  in  a 
remarkably  clear  night,  reach  his  sight,  it  will  put  on  the 
appearance  of  a  small,  faint,  nebulous  cloud,  not  to  be  per- 
ceived without  the  greatest  attention.    Allowing  him  the  use 
of  a  common  telescope,  he  begins  to  suspect  that  all  the  milki- 
Bess  of  the  bright  path  which  surrounds  the  sphere  may  be 
owing  to  stars.    By  increasing  his  power  of  vision,  he  becomes 
certain  that  the  milky  way  is,  indeed,  no  other  than  a  collec- 
tion of  very  small  stars,  and  the  nebulae  nothing  but  clusters 
of  stars." 

Dr.  Herschel  then  solves  a  general  problem  for  computing 
the  length  of  the  visoal  ray ;  that  of  the  telescope  which  he 
uses  will  reach  to  stars  497  times  the  distance  of  Sirias.    Now 


Sinus  cannot  be  nearer  than  100,000  x  190,000,000  mflei, 
therefore  Dr.  Herschel's  telescope  will  at  least  reach  to 
100,000  X  190,000,000  X  497  miles.  And  Dr.  Herschel  says, 
that  in  the  most  crowded  part  of  the  milky  way,  he  has  had 
fields  of  view  that  contained  no  less  than  588  stars,  and  these 
were  continued  for  many  minutes,  so  that  in  a  quarter  of  ta 
hour  he  has  seen  116,000  stars  pass  through  the  field  of  view  of 
a  telescope  of  only  15'  aperture :  and  at  another  time,  in  41 
minutes,  he  saw  258,000  stars  pass  through  the  field  of  Mi 
telescope.  Every  improvement  in  his  telescope  has  discovered 
stars  not  seen  before,  so  that  there  appears  no  bounds  to  tbdr 
number,  or  to  the  extent  of  the  universe. 

GALBANUM,  a  gum  issuing  from  the  stem  of  an  nmbelfi- 
ferous  plant,  growing  in  Persia,  and  many  parts  of  Africa. 

GALE,  Electrical.  On  the  6th  December,  1823,  aboot 
100  miles  west  of  Drontheim,  a  gale  of  wind  lasted  three  days 
without  intermission,  and  afforded  the  following  proofs  of  its 
having  originated  in  a  disturbed  state  of  electricity  in  the 
atmosphere.  It  was  accompanied  by  frequent  and  vivid 
lightning,  unusual  in  high  latitudes  in  winter;  and  at  the  mast- 
beads  and  yard-arms  of  the  Griper,  commanded  by  Captab 
Clavering,  not  fewer  than  eight  balls  of  fire  were  visible  tt 
once. 

GALENA,  in  Mineralogy,  the  sulphnret  of  lead,  found  boti 
in  masses  and  crystallized.  The  primitive  form  of  its  crystab 
is  a  cube.  Its  colour  is  bluish  gray  like  lead,  bat  brighter. 
Lustre  metallic.  Texture  foliated.  Fragments  cubical.  Soft 
but  brittle.  Specific  gravity  7*22  to  7'587.  Efiervesces  wifii 
nitric  and  muriatic  acids.  It  is  composed  of  from  45  to  83 
lead,  and  from  0'86  to  *16  of  sulphur.  It  generally  contaus 
some  silver,  and  sometimes  also  antimony  and  zinc. 

GALENIC,  or  Galenical,  in  Pharmacy,  a  manner  of  treafini 
diseases,  founded  on  the  principles  of  Galen,  in  opposition  to 
the  chemical  practitioners. 

GALEOPITHECUS,  Colugo.  A  genus  of  quadnipedf, 
natives  of  the  Molucca  and  Philippine  islands,  freqaentini 
woody  places,  and  feeding  principally  on  fruits.  The  Cologo 
resides  on  trees,  and  in  descending  itom  the  top  of  a  tree,  it 
spreads  its  membranes,  and  balances  itself  to  the  place  it  aim 
at  in  a  gentle  manner ;  but  in  ascending,  it  uses  a  leaping  pace. 
The  whole  length  of  the  animal  is  about  three  feet ;  the  breadA, 
when  expanded,  nearly  the  same;  the  tail  is  slender,  and  about 
a  span  long.  The  membrane,  or  expansile  skin,  by  which  it  is 
enabled  to  fly,  is  continued  on  each  side,  from  the  neck  to  tk 
fore  feet,  thence  to  the  hind  feet,  and  again  to  the  tail:  it  if 
covered  with  fur,  in  the  same  manner  as  the  body.  The  whole 
upper  side  of  the  animal  is  generally  of  a  deep  ash  colour,  aad 
the  whole  under  side,  both  of  the  body  and  membrane,  is  yel- 
low. The  head  is  long.  The  ears  are  small,  round,  and 
marked  internally  by  numerous  semicircular  transverse  streaks. 
The  legs  are  clothed  with  a  yellow  down :  there  are  five  toes 
on  each  foot,  united  by  a  membrane,  and  terminating  in  crooked 
claws.  This  animal  is  called  by  the  Indians  caguang,  colngo,a]id 
gigua.  It  was  first  described  by  Bontius,  in  the  history  of  Javs. 
GALILEO,  Galilei,  a  very  celebrated  mathematician  and 
astronomer,  was  the  son  of  a  Florentine  nobleman,  and  boii 
in  the  year  1564.  He  had  from  his  infancy  a  strong  inclinatioi 
to  philosophy  and  the  mathematics,  and  made  prodigious  pio- 
gress  in  these  sciences.  In  1592  he  was  chosen  professor  of 
mathematics  at  Padua,  and  during  his  abode  there  he  is  said 
to  have  invented  the  telescope ;  or,  according  to  others, 
improved  that  instrument,  so  as  to  render  it  fit  for  astrononi- 
cal  observations.  In  1611,  Cosmo  II.  Grand  Duke  of  Toscasy, 
sent  for  him  to  Pisa,  where  he  made  him  professor  of  matheoa* 
tics,  with  a  handsome  salary ;  and  soon  after,  inviting  him  to 
Florence,  gave  him  the  office  and  title  of  principal  philosopher 
and  mathematician  to  his  highness.  In  1612  he  discovered  soM 
spots  on  the  sun's  disc,  which  led  to  the  publication  of  a  paB- 
phlet  asserting  the  truth  of  the  Copemican  system  of  astronoiBy* 
For  this  be  was  cited  before  the  inquisition  at  Rome;  aad 
after  some  months'  imprisonment,  released,  on  a  simple  promise 
that  he  would  renonnce  his  heretical  opinions.  In  1632  W 
published  his  dialogues  on  the  Ptolemaic  and  CoperaieiB 
systems  of  the  world,  for  which  he  was  again  cited  before  the 
Inquisition,  imprisoned,  his  book  burned,  and  condemned  ^ 
repeat  once  a  week,  for  three  years  to  come,  seven  peniteotitl 
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pialmi.  at  m  HTinK  prnaiev  for  hte  bere*i««.  He  b«ed  to 
irearx  Hfltr  lUi,  ud  dint  id  16^  in  the  78tli  jear  of  hia  rjc*. 
For  ihr  purpoia  or  BatroBoniiea]  obicTTBtiotu,  be  improted  Ibe 
idcMopc.  ir*l  f  OTCDted  bj  Juuvn,  and  wu  himaelf  the  oonlriver 
nt  thr  limplo  pendulum;  and  tboaibt  of  appljiofc  it  to  docka, 
b«t  did  not  cseouie  that  doiga,  H«.  tojetber  with  hia  papil 
Torriccili,  ditcovered  that  air  bad  (craTJly,  and  rndeavoarad  t» 
compare  Ji  viib  water.  Ai  a  grt*l  proiDoter  of  the  aoiences, 
he  opened  tait  fields  for  the  Joaoirioa  of  others,  and  ably 
aaaiited  ihem  by  hi*  iBteattona  and  diMoveriea. 

Galileo  wrote  a  oumbcr  of  treatiMi,  many  of  whloh  were 
nnUiahcd  in  bis  lifeiiine.  Many  of  hii  piecea  were,  howeier, 
foat  at  hii  dratb,  aa  lome  lay,  tbnwKfa  the  aoperititloD  of  one 
of  bii  nephews,  or,  «•  other*  lay,  through  the  ariilioe  of  hia 
wife*!  Goafeaaur :  at  all  evenla,  they  were  destroyed,  in  ooo- 
M^aenoe  of  ibeir  beinic  auppoMd  to  ooutain  doctrioea  which 
tbe  InqniiiiioD  deolared  to  be  heretical. 

GALL,  in  the  animal  eeoDomy,  the  aame  with  bile. 

Gall  BUddtr,  called  Veiicala.  and  Cyatia  Fvllia,  la  ninallj 
of  the  shape  of  a  pear,  or  the  atae  of  a  iruall  hen's  ef(%.  It  la 
•itaated  on  the  cooca* e  side  of  tba  liTer,  and  Itca  upon  the  colon. 
part  of  which  it  tiogei  with  Us  own  colour.  It  ia  couiposeil  of 
lovr  meoibranei,  or  ooata  ;  the  cnrnnion,  tbe  vesiculiir,  Ihemua- 
ealar,  and  the  nertoui  one,  which  laat  ia  of  a  wrinkled  or 
reijealalcd  surface  within,  and  furnished  with  an  unctuous 
lienor.  The  nie  of  tbe  Kail-bladder  is  to  oollcct  the  bile,  ••- 
croied  in  the  liter,  and  mixinKwiih  its  own  peculiar  prndnce, 
to  perfect  It  farther,  to  retain  it  a  certain  time,  and  then  to 
expel  it. 

0\LL,  in  Nalntal  Hlslorj,  denotes  any  prolnberance  or 
tomuur  produced  by  the  puncture  of  insecta  on  plants  and  trees 
f>r  diilerent  kinds.  Oalls  are  of  tarions  forms  and  sixes,  aod  no 
less  dilerent  with  rejcard  to  their  Internal  stnicture.  Some 
have  only  one  cajity,  aod  otberi  a  number  of  aicsll  cells  cotn- 
mumoating  with  each  other.  Some  are  aa  hard  as  the  wood  of 
the  tree  they  grow  on,  others  are  soft  and  spoofcy  ;  the  first  are 
termed  gall  nuts ;  and  the  latter  berry  galls,  or  apple  galla. 
Oak-galls,  pat  into  a  solution  of  vitriol  In  water,  give  tl  a  purple 
colour,  which,  as  it  grows  stronger,  becomes  Uack,  and  on 
tbia  property  depends  the  art  of  making  our  writing  ink  and 

Ok\.L  Slim**,  calcoloua  eonereliona  freqnently  formed  in  the 
gall  bladder,  and  sometimes  occasioning  great  pain  in  their 
passage  throueh  tbe  ducts  into  the  duodenum,  before  they  are 
evaruated.  GJI-atonea  often  oocnr  in  Ibe  inferior  animals, 
particularfj  in  cows  and  hogs;  bat  the  biliary  concretions  of 
these  aniaali  have  not  hitheilo  been  examtoed  with  mnefa 
attention.  Soaps  ha*e  been  proposed  as  aolTcnts  for  these 
•klcali.  The  academy  of  Dyon  has  poblbbed  the  anocess  of 
a  Mixture  of  essence  of  tnrpeniine  ana  ether. 

GALL\TES,  salts  formed  bj  tbe  gallw  acid  with  alkaliM 
onnhs  or  meiallio  bases. 

GALLERY,  a  balcony,  prcieeting  fmn  the  stern  or  qnarler 
of  a  ship  of  war,  or  of  a  large  merchantman. 

Arm  OaLiiMT,  that  part  of  tbe  preceding  article  which  is 
wholly  at  the  stem  of  the  ship,  and  is  nsoally  drcoraled  with  a 
bajvatrade  ealcnding  from  ooe  side  of  tbe  ship  to  the  other ; 
tho  forepart  is  limited  by  a  partitioo,  called  the  ikrtm  hulkhtmd, 
ia  which  are  framed  the  cabin  windows,  aod  the  roof  of  it  is 
foraaod  by  a  sort  of  vault,  termed  the  c«b«,  which  is  freqnently 
•tMwmeBted  with  scnlplare. 

Qmmrttr  GtLLaaT,  Is  thai  part  whieh  pra)eets  on  each  qnaf. 
tcr,  and  is  generally  fitted  op  ns  a  water  ckiaeL  Ships  of 
Iwaaty  gnas  and  upwards,  on  one  deck,  have  quarter  galleries, 
bat  wo  aters  gallery  ;  two  and  three  deckers  have  two  or  threa 
•f  Ibeae  conveniences  on  each  side,  oae  nnder  the  other,  aod 
•••  M  two  stern  galleries. 

OsiLiRT.  in  Architcdafe,  n  covered  place  in  a  boase, 
BsnaHy  in  Ibe  wings  of  a  bnilding,  its  nse  being  chiefly  to 


GALLBY.  a  kind  of  low  l)al>boiU  vessel,  famished  with  one 
4«A.  and  navigated  with  snlls  and  oars,  partienlariy  in  tba 
HedietrruKaa.      Tbe  largoit  aort  nf   these   veaaeJa,   ealtad 


long  aborr,  and  \Xt 
ft-el  tr  the  kei-l.  » 
feet  wide,  sod  23  fe*l 
Irngth  uf  Blernpost. 
^'   Thf-y    were    rurnish^ 


with  Ihre 


being  maoapied  by  ail 

were  uinaHy  chained  thereto.  In  the  forepart  they  bad  threa 
small  batteries  of  cannon,  n=.  two  36-poonders,  two  a4-poan- 
ders,  and  two  2-poDtiders  :  they  had  also  ihiee  It^pounders  om 
each  quarter,  and  carried  from  10UO  to  I2(N>  men. 

Tbe  galleji  next  in  siM  to  these  are  called  half-galleys,  and 
are  fromlaaio  IW  feet  long, 
la  feet  broail,  and  tf  or  !• 
feet  deep.  They  haie  two 
masts,  which  may  be  (Irnck 
at  plcasnre,  and  are  fat>i 
1 1  fi   -w    1    «  nfshed  with  two  large  lateen 

si.        'I       /I//     A   I      >  sails,  and  five  pieces  of  can- 

^ngW^i II' .  J^JL^^    «"»°-    They  have  commonrj 

g'^^^MgMBJ??STSr^ ^ -u-  iweoty-liie  banks  of  oars,  ns 
described  above.  A  sise  still 
less  than  these  are  called  quarter  iiBlleys,  carrying  frnm  I'J  to 
Ifl  banks  of  oars.  They  generally  keep  close  under  the  shore, 
but  sometimes  venture  out  to  roa  to  perform  a  summer  cruise. 

In  France  are  forty  galleis  for  ihe  use  of  the  .Mediterranean, 
the  araenal  thereof  being  at  Maracilles.  The  general  of  the 
galley  bears  a  donble  anchor,  placed  ia  jnlt  brblnd  the 
CBcutcheoo  of  his  arms,  as  a  mark  of  bis  office.  The  captain 
galley  it  the  principal  galley  of  a  alale,  commanded  by  tliv 
captain  •general  of  Ibe  galleys.  lo  France,  before  ihe  Kevola- 
tioo,  the  royal  galley  was  Ihe  Grsl.  These  galley*  in  Franee 
resemble  the  hulks  of  Urilaia,  in  wbicb  the  eonviots  laliour,  and 
are  confined. 

G«LLET,  is  also  a  name  given  to  an  open  boat,  rowing  sis  or 
eight  oars,  and  used  on  Ibe  river  Thame*  )iy  cuatom-faoase 
officers,  press-gangs,  and  also  for  pleasure;  hence  the  appelln- 
tion  of  onitom-bouse  galley,  press-galley,  kc. 

G4IXlr,  or  iimllif,  is  also  tbe  name  of  the  kilchen  of  a  sMp 
of  war,  or  the  place  where  the  grate*  arc  pot  up.  Are*  lighted, 
and  the  victuals  generally  boiled  or  roasted.  In  Kait  India 
ships  it  is  generally  termed  the  cook-room,  and  on  bosrd  of 
merebaatmeo  it  is  tmlled  the  eabonse. 

GxtLKT  SUt<,  a  person  condemned  to  work  at  the  oar  on 
board  a  galley,  betcig  chained  to  the  deck.  Condemnalloa 
to  Ibe  galleys  is  a  punishment  pecoliar  to  Prance,  whereby 
criminals  and  delinquents  are  adjudged  to  serve  as  slavea  on 
board  the  galleys,  either  duriog  life,  or  for  a  limited  time.  A 
man  condeaued  for  pcrpetojiy  is  dead  in  a  civil  sense;  he 
cannot  dispose  of  any  of  bis  effects ;  cannot  inherit ;  and  if  be 
be  BMrried,  hia  marriage  Is  null,  nor  ran  hi*  widow  have  any 
of  her  dower  ont  of  his  goods,  which,  with  his  lands,  are  hereby 
eonflsrnted. 

GALLIC  Acid,  bi  CheBnitr7,i*abtalaed  from  the  oah  nnt-gall. 
In  an  infosion  of  galls  made  vrith  eold  water,  a  srdinient  is 
formed  which  ha*  a  crystalline  form  and  an  arid  taste.  Dy  nn 
of  galls  exposed  to  tbe  air,  and  removing  now  and  then 
Idy  skin  formed  on  its  surfsce,  a  large  quantity  of  this 
It  was  obtiiincd;  whieh  beiog  edulcorated  with  cold 
water,  red isKolved  in  hot  water,  filtrated  and  etaporaled  very 
alowly,  yielding  an  acid  salt  In  cryatala  as  fioe  as  sand.  Or. 
boil  a  mixture  of  carbonate  of  barytes  and  an  infosion  of 
nut-galls.  A  bluish  green  liqnld  ia  obtained,  which  consists  of 
n  solntian  of  gallic  acid  and  barytea.  Filler  and  satnrale  with 
tlilnlad  Mlphuric  acid.  Sulphal  of  harylr*  ia  deposited  In  Ihe 
state  efnn  iasolnhle  iwwder.  and  a  osloarlrss  solution  of  galtic 
acid  remains.  Gallic  acid  when  pore,  iiln  tbe  form  of  trans- 
paiwal  plates.  It*  taste  is  acid,  and  somewhat  astringent : 
Bwd  when  heated  it  has  a  fMuHai  and  rhlher  anpletsant 
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GALLINiG,  in  Oniilboloftr,  Ibe  tOh  order  ofbird*.  Under 
which  are  com  prebend  ed  the  peacock,  pheoiant,  turkey,  tbe 
Gommon  cock,  partrid^,  fronae,  dodo,  Sto. 

GALLING  FiRR,  »  repealed  diacharge  of  oaoDon,  or  iniall 
anna,  which,  by  ita  execotioo,  greatir  aonoja  tbe  eoemjr. 

GALLIOT,  a  Batch  veaael,  carrying  a  main  and  a  misaen 
tnBst.nadalarge 
BafT-maio-sail. 
,    Af^iilliot  is  a 
sort  of  a  brif^an- 

galtej, built  very 
alightly,  and  de- 
■ifjnod  only  Tor 
chase.  Shcoaa 
both  sail  b  row, 
Bod  asually  car- 
ries about  two  or 
three  pedreros, 
aiid  has  sixteen 
or  twenty  oars. 
All  the  aeamen 
on  board  are  soU 
diers,  and  each  has  a  musket  by  himon  (gnittinghiaoar.  Some 
also  call  the  bomb-ketches  galliots. 

GALLON,  an  English  measDre  of  capacity,  being  equal  to 
4  quarts  or  8  pints.     .  od.  fiicte. 

The  galloQ,  wine  measure,  contains 231 

Ditto,    beermeasDre 2S2 

Ditto,    dry  measure 368^ 

.    GALLOON,  in  Commerce,  a  narrow  kind  oflaoB  used  to 
edse  or  border  cloths. 

GALLOWS  BiTs.aframe  oftimber,  in  form  of  a  gallows, 
forming  a  support  for  tbe  spare  topmasts,  yards,  and  booms. 

GALVANI,  Lewis,  a  modern  philonopber.  who  has  had  the 
honour  of  giving  his  name  to  a  newly  discovered  principle  in 
nature,  was  born  at  Bologna,  In  1737,  where  be  practised  medi- 
eiue,  was  public  lecturer  at  the  university,  and  reader  io 
liDatomy  in  the  Institute  of  the  same  cily.  His  reputation,  as 
an  anatomist  and  physiologist,  was  established  io  the  schools 
of  Italy,  when  accident  gave  birth  to  the  discovery  which  has 
immortalized  his  name,  Hia  wife,  with  whom  he  lived  many 
years  in  the  tendcrest  onion,  was  at  this  time  in  a  declining 
state  of  health.  As  a  restorative,  she  made  use  of  a  soup  of 
frogs ;  and  some  of  these  animals,  skinned  for  the  purpose, 
happened  to  tie  upon  a  lahie  in  h%r  hnthand's  laboratcu'y,  upon 
which  was  placed  an  electrical  machine.  One  of  the  assistants, 
in  bis  experimental  happened  accidentally  to  bring  the  point  of 
a  scalpel  near  tbe  crnrat  nerves  of  a  frog,  lying  not  far  from  the 
conductor.  Instantly  the  muscles  of  the  limb  were  agitated 
with  strong  convnisions.  Madame  Qalvani,  a  woman  of  quick 
ondorslanding,  and  of  a  scientilic  tarn,  was  present,  and,  struck 
wfib  Ibe  phenomenon,  she  immediately  went  to  inform  her 
husband  of  it.  He  came,  and  repeated  the  experiment ;  and 
soon  found  that  the  convulsion  only  took  place  when  a  spark 
was  elicited  by  the  conductor.  It  was  Valta,  however,  who 
brooght  to  a  system  the  crude  and  erroneous  opinions  of 
Galvani,  who  would  have  within  all  animals  a  peculiar  electri- 
cal Buid.  secreted  by  the  brain,  and  diffused  by  the  nerves 
through  varions  parts  of  the  body.  However,  from  this  simple 
experiment,  or  rather  accident,  arose  the  new  science  of 
Galvanism,  which  has  made,  and  la  still  making,  snch  a  rapid 
progress  io  the  hands  of  modern  cbemista  and  philosophers. 
Galvani  died  in  1796,  in  tbe  eist  year  of  his  age. 

GALVANISM,  a  modern  and  very  interesting  branch  of 
science,  thus  named  after  its  celebrated  discoverer,  profesaor 
Galvani,  of  Bologna.  (See  tbe  precedijig  article.)  Galvanism 
comprises  all  those  electrical  pbenomcDa  arising  from  the 
chemical  agency  of  certain  metals  with  different  lluids. 

We  have  noticed,  io  the  foregoing  article,  the  bumble  origin 
of  this  science ;  and  that  by  accident  it  was  discovered,  that 
commOD  electricity  had  Ibe  property  of  producing  nnscnlar 
contractions  io  the  limbs  of  animals  even  a  considerable  time 
after  death;  and  of  this  Galvani  more  clearly  oonvinoed  himself, 
|>y  ascertaining,  that  from  whatever  aouroe  the  electricity  was 
drawn,  the  effect  of  it  was  tttll  tha  tame,    Bntin  one  lastaace 


he  found,  that  (he  mere  agency  of «  netallie  (ahslaBee,  wkn 
he  had  do  reason  to  suspect  the  presence  of  eirctricily,  the 
limbs  of  a  recently  killed  frog  were  coovulsed  ;  and  after  mak- 
ing several  experiments,  he  ascertained,  that  tbe  coBvabioas 
only  took  place  when  he  employed  dissimilar  metals. 

Galvaoi's  eiperimeota  were  repeated  by  maa;  eminent  pbikt 
■ophers,  both  on  tbe  continent  and  in  this  conntry.  Nonea 
them,  however,  added  any  thing  new  to  what  Oalvaai  had  hoh 
self  discovered,  excepting  the  celebrated  Volta,  whose  improve- 
ment was  so  decided,  that  the  science  itself  has  nearly  changed 
ita  name,  taking  that  of  Voltaism  instead  of  Calvanism. 

When  we  view,  indeed,  the  nnmerous  facta  that  have  btea 
added  to  tbe  labours  of  Galvani,  his  disooveries  form  but  a  veiy 
small  part  of  the  whole  mass,  whereas  a  great  many  of  then 
are  doe  to  Volta.  Yet  when  we  recollect  again,  that  tbeinies- 
tigation  began  with  the  former,  and  was  in  H  great  d^ree 
promoted  by  his  own  perseverance,  we  mast  ever  conaidertiB 
as  a  principal  io  this  extensive  field  of  research  ;  and  eanact, 
witboot  injustice,  deprive  bim  of  the  honour  which  has  been 
conferred  upon  him,  of  giving  bis  own  name  to  the  adenca 
which  he  discovered  and  promoted.  Philosophy,  however,  ii 
infinitely  indebted  to  Sigoior  Volta,  it  being  to  him  that  «e 
owe,  in  a  ^ reat  measnte,  the  rapid  progress  that  baa  since  been 
made  in  this  interesting  branch  of  philosophy.  Ho  repealed 
the  experiments  of  Galvani,  and  found,  that  when  two  place* 
of  metal  of  different  kinds  were  placed  in  different  parts  of  m 
animal  at  the  same  time,  that  the  metals  were  brooght  in  eaa. 
tact,  or  were  connected  by  a  metallic  arc  ;  as  often  as  tka 
contact  was  made,  convulsions  were  observed.  He  found  that 
the  greatest  was  produced  when  the  metals  wertt  aino  sad 
silver.  When  several  pairs  of  metals  were  employed,  havisg 
pieces  of  moist  cloth  between  them,  the  effect  appeared  la 
increase  as  tbe  number  of  pairs.  This  important  diaeovery  tl 
accumulating  the  effects  of  this  species  of  electricity,  waa  made 
by  Volta  in  1800,  and  hence  has  been  denominated  the  VwtUm 
pilt.  Tbe  apparatus  first  made  by  Volta,  coosiaied  of  aoettaiD 
number  of  pairs  of  sine  and  silver  plates,  separated  from  each 
other  by  pieces  of  wet  cloth  ;  the  arrangement  being  as  follows: 
zino,  silver,  wet  oloth  ;  sine,  silver,  wet  cloth,  and  sn  on.  The 
silver  plates  were  chiefly  silver  coins,  the  plates  of  noo  aad  ths 
pieces  of  cloth  being  of  the  same  size.  He  found  Ibis  pih 
much  more  powerful  when  the  pieces  of  cloth  were  moislcaed 
with  a  solntion  of  common  salt  instead  of  pnro  water,  and  sa 
apparatus  consisting  of  forty  pairs  of  plares,  be  found  to 
possess  the  power  of  giving  a  very  smart  shock,  similar  to  thai 
of  a  small  electric  jar ;  and  that  this  effect  took  place  as  one* 
as  a  communication  was  made  between  each  end  of  the  piie, 
and  as  long  as  the  pieces  of  cloih  remained  moist. 

An  account  of  this  discovery  was  oammunicated  to  the 
Royal  Society,  and  published  in  the  Philosophical  TrsmsactnM. 
Since  this  time  we  have  no  account  of  any  farther  dtsooveriet 
of  Volta  ;  but  tbe  science  of  Gatvaniam  has  been  since  cob> 
siderably  extended  by  tbe  researches  and  experimeota  of 
pkilosophers  in  Prance,  England,  and  other  oountries. 

The  first  experiments  made  on  the  pile  in  this  country  were 
performed  by  Messrs.  Nicholson  and  Carlisle,  who  obaerved, 
that  on  bringing  the  wires  from  each  end  of  the  column  in  oaa- 
tact  with  a  drop  of  water,  bubbles  of  some  elastic  gas  wen 
disengaged,  which,  on  closer  examination,  they  found  to  ba 
hydrogen  gas ;  this  discovery  gave  rise  to  a  great  variety  of 
experiments,  and  to  many  interesting  results,  but  being  cMciy 
chemical,  we  cannot  here  enter  into  their  details- 

The  Galvanic  energy  evinced  in  tbe  decomposition  of  bodice 
which  the  experiments  of  Nicholson  and  Carlisle  bad  first  msAa 
known,  was  farther  prosecuted  by  Mr.  Croikshank,  ofWosl- 
wich,  to  whom  we  are  indebted  for  the  ioTenlioa  of  Iks 
Galvanic  trough,  which  we  have  described  under  the  artisls 
Galtattie  Battbhy.  This  again  led  the  way  to  other  battork* 
of  similar  construction,  but  of  a  more  powerful  nature,  by  wUA 
it  was  found,  that  all  the  metals  reduced  into  thin  leavea  wen 
deSsgrated  with  brilliant,  though  differently  coloured  Bame*: 
and  henceforth  Galvanism,  which  had  not  fa«fore  SASumed  any 
particular  character,  It  being  doubtful  Io  whathranch  of  saiew* 
It  properly  beloaged,  was  directed  entirely  to  cbcmisbry,  and 
has  since  been  the  qieana  of  throwing  great  light  oa  tlHf 
Interasting  branch  of  human  knowledge. 
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Tl*  Lmt  tfG^Mme  CmMMrioii.— The  eoadofltori  of  elee- 
tricil;  ar«  di«id«d  Into  two  prioctpal  elUM*.  Tbe  lint  clasa, 
called  Arj  and  perfect  eondncton,  mre  metallfo  iDbiUncei  and 
charooal.  Thcue  of  Ibe  leeoad  clasi,  or  Ihe  imperfect  eondue* 
(or*,  Bfe  water  and  other  oxidatinic  flnidi.  lint  ai  the  lub- 
■Uncei  of  llie  teoond  claai  differ  ia  eoadnctlni;  power  macb 
BOfe  than  tboM  of  Ike  Gnt  daat,  w  thej  may  be  inbditided 
Ikio  apeciei. 

Imperfett  C«idmtt«r*.—lt  ma;  be  obietred,  thai  water  hold- 
iof;  in  lolation  common  air,  and  MpeelalW  oxj^ea  gai,  ii  macb 
more  act! TO  than  water  drpriied  of  air  brboillnf.  a.  Water 
Mixed  with  cla;  or  cbalk  ;  3d,  a  aolDtlon  of  lagar :  41b,  alco- 
hol ;  6tb,  milk ;  Qlh,  macilasinooi  flaids ;  7tb,  astraal  ^latiaoat 
fluidi;  8th,  wine;  Mb,  riae^ar,  and  other  feKOlablejaicen.  and 
acida;  lUth.  lalivi;  lltti,  macni  from  tbe  ooie ;  I3th, blood; 
I3tfa.  braini;  14th,  lolutioD  of  lalt;  15tb.  soap-sods;  I6th, 
ehilk  water ;  17tfa,  conceotrated  mioeral  acid* ;  IStb,  stroDf 
aikallae  leys;   lath,  alkaline  fluidi;  20th,  inlphoret  of  potaih. 

SimpU  CombintHont  efGalrmnie  Cvnitutort,  capable  of  pro- 
ducing efTecij,  most  consist  of  three  different  conductor*,  for  two 
pTodoce  no  effect. 
Ooe  conductor  mast 
be  of  one  clasi,  and 
the  two  other  con- 
dnetori  different  of 
the  other  class,  De- 
aotiaK  tbe  ttodiei  of 
the  first  clai*  by 
means  or  three  capi- 
tal letters,  and  those 
of  tbe   second  clajs 

by  small  letters,  tbe  comblaaliOBS  of  No.  1  and  9  are  arrirc, 
bat  tboae  of  3.  4,  6.  are  not  active  ;  becaose  they  coniist  of  two 
bodies  ooly,  and  (hose  of  figs.  7  and  8  eonsial  of  three  bodies ; 
of  which  two  are  of  the  same  sort,  and  of  coarse  act  as  ■ 
•inicle  body. 

When  two  of  the  three  bodies  are  of  Ibe  flrst  class,  and  one 
of  Ihe  second,  tbe  comblDation  is  said  to  be  of  the  first  order ; 
Atherwise.  it  is  said  to  be  of  the  second  order.  In  a  single 
Bctiie  galvaDJc  combination,  or,  as  it  is  oommooly  called,  a 
■imple  galvanic  circle,  the  two  bodies  of  ooe  clati  most  touch 
«ach  other  in  more  than  one  point,  at  the  same  time  (bat  they 
are  connected  together  at  other  points  by  the  body  of  the  other 
elass.  Tbus,  when  a  prepared  frog  is  convulsed  by  the  con- 
taet  of  the  same  piece  of  metal  in  two  different  places,  then  Ihe 
Inidi  of  those  parts,  which  mast  he  somewhat  different  from 
carh  other,  are  the  two  conductors  of  the  second  class,  and  the 
mrial  is  the  third  body  on  tbe  conductor  of  the  firxl  class.  If 
two  metals  are  used,  then  the  flnids  of  the  prepared  animals 
differing  but  little  from  each  other,  may  be  considered  as  one 
body  of  the  second  class.  Thus  also,  when  a  person  drinks 
out  of  n  pewter  jug.  the  saliva  or  motstore  of  his  under  lip  ia 
One  flnid  or  one  eondnctor  of  the  second  dass,  the  liquor  in 
tbe  jog  ia  the  other,  and  Ihe  metal  is  Ihe  third  body,  or  coo- 
doelor  of  the  first  elas*. 

ll  sremi  to  bo  Indispensably  requisite,  that  in  a  simple 
galvanic  circle,  the  couduclor  or  conductors  of  one  class  should 
have  some  chemical  action  upon  the  olber  conductor  or  con- 
doctora  ;  without  which  clrcumstsnce  Ihe  combination  of  the 
three  bodies  will  have  either  no  galvRDle  action  at  all,  or  a 
very  slight  one.  Farther,  Ihe  galvanic  Bclinn  seems  to  he  pro- 
portionate'to  Ihe  degree  of  chemical  agency ;  which  seems  to 
■hew.  that  such  chemical  aetlon  is  Ibe  primary  cause  of  the 
rieetrie  phenomena.  The  most  active  galvanic  circles  of  tbe 
•nt  order,  are.  when  two  solids  of  different  degrees  of  oaid- 
ability  are  combined  with  a  fluid,  capable  of  oxidating  at  least 
one  of  (he  solid*.  Thus.  gold,  silver,  and  water,  do  not  form 
an  active  galvanic  circle :  hut  the  circle  will  become  active  if  a 
litile  nitric  acid,  or  any  lluid  detMrnposaUe  by  silver.  Is  mixed 
with  Ihe  water. 

A  romfainalion  of  aioe,  silver,  and  wsler,  forms  an  active 
(alvanic  circle,  and  the  water  Is  found  to  oxidate  the  sine,  pro- 
vided the  water  holds  In  solullon  some  atmospherical  air,  as  it 
««MitB<Mily  does,  and  especially  it  it  contains  oxygen  gas.  Bat 
wme,  silver,  and  waler.  containing  a  Uitle  nitric  acid,  form  a 
^•Te  p««wM  gilvaaie  eirele,  tbe  fluM  beU^  capable  of  aetliif 


I  both  upon  the  rino  and  upon  tbe  rilTer.    Tb«  most  powerfbl 

'  gilvanic  combinations  of  (be  second  order  are,  when  two  con- 
ductor* have  different  chemical  actions  on  the  coodactora  of 

I  tbe  first  class,  at  Ihe  same  time  that  (be*  have  an  action  apoa 

I  each  other.  Thus,  copper,  silver,  or  fold,  with  a  solalion  of 
alkalioe  sniphurel,  and  diluted  nltroai  acid,  form  a  very  active 

'  galvanio  circle.  The  present  state  of  knowledge  relative 
to  this  subject,  does  not  enable  ns  accurately  to  determine  tbe 
particulsr  powers  of  alt  sort*  of  galvanic  combinations:  tbe 

,  following  lists,  howevnr,  contain  an  useful  arrangement  of  tbe 
best  combinations,  disposed  in  tbe  order  of  their  powen,  and 
commeneiDg  with  tbe  moat  powcrfo). 

I  Tabu  ef  Calmie  Cireltt  of  tkt  Firtt  Onlrr.— These  circlet 
eoosist  of  two  conductors  of  the  first  class,  and  ooe  of  tbe 
second.  I,  Zino,  with  gold,  charcoal,  silver,  or  copper,  tin, 
iron,  or  mercury,  and  waler  containing  a  small  4]oantily  of  aaj 
of  the  mineral  acids.  2,  Iron,  with  gold,  charcoal,  silver,  cop- 
per, or  tin,  and  a  weak  solalion  of  any  of  the  mineral  acids.  S. 
Tin,  with  gold,  silver,  or  charcoal,  and  a  weak  solution  of  anjr 
of  the  mineral  acids.  4.  Lead,  with  j^old  or  silver,  and  a  weal 
acid  solution.  5.  Any  of  the  foregoing  metallic  combinations, 
and  common  water.  6.  Copper,  gold,  silver,  and  a  solDlion  of 
nitrate  of  silver  and  mercury,  or  nitric  or  acetous  acid. 

Gahanit  Cirelrt  of  tkt  Second  Onler,  coiuitt  of  one  eondoolor 
of  tbe  first  class,  and  two  of  Ibe  second.  Charcoal,  copper, 
sliver,  lead,  tin,  iron,  or  liue,  with  water,  or  a  solution  ot  anj 
hydrogeoated  alkaline  sulphurets,  capable  of  acting  on  the 
first  three  metals  only,  and  a  solution  of  nitrous  acid,  or 
oxygenated  mntiatic  acid,  capable  of  acting  upon  metals. 

Tkemj  of  tiu  Action  o/"  (ialvmnic  Circltt. — The  action  of  a 
single  galvaoio  circle  depends  do  the  qoaotity  of  surface  in 
contact  between  tbe  acting  bodies  ;  and  a  high  temperatore  la 
favourable  to  Ibis  activity.  ,  If  a  circle  consist  of  gold,  line, 
and  water,  the  ioterpoiition  of  iron  or  silver,  or  bolb,  does  not 
alter  the  activity.  Hence  it  appear*  thai  the  action  of  a  gal- 
vanic circle  may  be  conveyed  throngh  extraoeons  conduclors 
to  a  considerable  distance ;  but  it  must  he  observed,  that  the 
activity  is  weakened  by  the  great  length  of  tbe  eondaetors, 
especially  if  ibey  arc  of  an  impeifect  nature 

When  tbe  Ihree  bodies  which  form  a  galvanic  circle  of  Ibe 
first  order  are  laid  one  upon  Ihe  other,  so  that  the  lower  and 
upper  oqes  do  not  louch  each  other,  then  these  two  extremes 
are  in  opposite  electric  stales,  ci^.  the  rxtreniity  wUob  Is  next 
to  that  metallic  surface  that  louche*  Ihe  body  of  the  second 
data  is  positive,  sod  ibe  opposite  extremity  is  negative.  Thus, 
let  copper,  tine,  and  moistened  leather,  be  laid  one  opon  tbe 
other,  as  io  the  annexed  figure,  and  Ihe  upper 
end  W,  VII.  ihe  moistened  leather,  will  be 
fo and  possessed  of  positive  electricity;  whilst 
tbe  lower  end  C,  or  the  copper,  will  be  found 

Galvanic  Sattmrr.— Galvanic  effect*  may  be  increased  la 
almost  any  degree,  by  connecting  several  of  the  above-men- 
tioned active  combinations,  or  by  a  icprtilion  of  the  same 
simple  galvanic  cambioalion,  {the  most  active  simple  combi- 
nation forming  the  moil  powerful  batteries,  and  vie*  mtm,) 
provided  the  simple  combinations  are  disposed  so  a*  not  to 
connleraci  each  oiher.  Those  faatlerics  are  said  Io  be  of  the 
second  Qt  first  order,  according  as  the  simple  combinations  ef 
which  (hey  consis(  are  of  the  first  or  seconii  order. 

Examplr,  Thus,  if  a  piece  of  linc  i*  laid  upon  a  piece  af 
copper,  and  a  piece  of  moistened  card  opon  toe  line,  then  a 
similar  arrangement  of  three  other  sacb  piece*  laid  upon  Iheai, 
and  a  third  arrangement  npon  (his,  be.  all  in  Ihe  same  order, 
the  whole  will  form  a  battery  of  tbe  first  order.  Bal  If  ibe 
arraBgemenl  is  made  by  connecting  a  piece  of  copper  with  n 
piece  of  clolh  roeisiened  with  water,  the  latter  with  a  piece  of 
clotb  moistened  wilh  a  solution  of  solphurct  of  potash,  and 
ihi*  again  wilh  another  piece  of  copper,  tic.  Ibe  whole  will  forA 
a  battery  of  the  secoqd  order. 

Sir  Humphry  Davy  divides  the  batteries  of  Ibe  second  order 
Into  three  clR*se*  :  Hrsl,  the  most  feeble,  in  which  metallio 
plate*  are  *o  arranged  that  two  of  Ibcir  surfaces  or  end*  oppo- 
site to  eaeh  olfaer  are  in  contact  with  differeai  flnids.  one 
eapable  and  tbe  olber  Ineapable  of  oiidatin|  (be  nwt«l,    Mlj. 
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When  limple  conbioationi  Miuut  o€  a  tingle  pintcv 
triable  of  Mini;  acted  open  bt  inlpbaietied  hydrogen,  a 
tion  of  aulphnret  of  potufa  being  on  one  aide,  and  watei 
t&eofber,    Sdly.  Metallic  aubstancea  oxtdable 
caDable  of  aclioD  <>□  solations  of  aulpbureta. 

lavt  of  Galvanic  Aetiaa. — Vht  paria  of  a  batter;  mnat  not 
connterect  each  other.  Gtct;  simpie,  bat  interrupted  Ealvanic 
combination,  baa  a  poaitive  and  a  negative  end,  ■■  «.  tbe  elec- 
tric fiuid  circulates  in  one  way  on!;. 

EeampU.  Tbus.if  two  simple         Fig.  1.  Fig.% 

eombinaiiona  are  disposed,  aa 
inflg.  l,tliia  arranii;enient  will 
not  bave  any  Kalvanic  power, 
(>eoaaSe  the  actions  of  (he  two 
llAple  comblnatibDs.or  the  two 
ciirreiita  of  electrlciiy,  are 
exposed  tn  each  otber,  the  (wet 
iMsItlTe  enda  being  called  P, 
tUid  the  two  negative  ends  N.  Bat  if  thoie  fiud  bodiaa  are 
disposed  as  In  Sg.  2,  then  the  cumbination  will  be  ver;  aoiive. 
becanae,  according  to  the  hjpolhesia,  the  direction  of  Ilia  eler--^ 
trie  flnid  in  each  simple  arrangement  tends  the  aame  way,  and 
pt^obftbly  the  one  accelerates  ihe  other. 

What  has  been  said  of  the  above  arrangements  of  the  tuo 
Mniple  galvanic  comblnalions,  mast  be  likewise  understooil  to 
bold  good  with  respect  to  the  coaaexlon  of  any  number  of  ihe 
kame,  viz.  that  they  mnat  not  connteract  each  other:  or  iTa 
eenain  number  of  them  edgnleract  each  other,  then  the  remain. 
ing  only  fbrm  the  active  part  of  the  battery.  For  Inalance,  il'n 
battery  consists  of  forty  aimple  oombl nations,  and  if  twelv  0  o  r 
them  are  placed  in  a  direction  contrary  lo  the  olheis,  ih<-n 
these  twelve  will  aoanteract  twelve  others,  and  of  coarse  ilie 
whole  batiei-y  will  have  no  more  power  than  if  it  cousiated  of 
■isle en  combinations  properly  disposed. 

This  polnta  oat  a  method  of  comparing  the  powers  of  two 
batteries  1  for  if  those  batteries  are  connected  in  ati  inverted 
nrder,  vii.  the  positive  end  of  one  to  (oanh  the  negative  cod  of 
the  other;  thEn  on  conneotlDg  the  two  other  extremities,  or  on 
applying  tbem  to  proper  instrameots,  the  whole  power  will  br 
annihilated,  if  Ihe  separate  batteries  had  eqoal  power ;  otlicr- 
wise  the  power  of  the  whole  will  be  the  excess  tiftfae  power  »l 
the  moat  powerful  battery  above  that  of  the  weakest;  aod  the 
direction,  *iz.  its  being  positive  or  negative,  will  shew  (o  wliiiti 
battery  It  belongs.  It  must  be  observed,  with  respect  to  llic 
inactive  arrangement  of  figure  1,  tbat  it  one  of  the  separ:i[i- 
bodies  Z,  ia  removed,  then  Ihe  remainiog  Ave  bodies  will  form 
an  active  combination,  for  in  that  case  W  W  become  one 
bHMij,  and  S  S  likewise  act  aa  one  body. 

CmUTuctivn  of  Gahmie  BattariiM. — When  three  bodies  are 
aelected  for  the  battery,  the  operator  haa  only  to  make  their 
contact  perfect,  and  tbe  battenea  may  be  of  die  forms  repre- 
sented by  Ggs  1,  2,  3.  Those  of  figs.  1,  3,  are  more  easily  cun- 
aBucted ;  that  of  fig.  3,  howater,  is  the  moit  oommodiou:i. 
Fiq.  1.  F^.  2. 
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The  baltei7  fig.  1,  con- 

aiats  of  several  glasses  or 

China  caps  full  of  water. 

Or  of   water    containing 

salt,  &c.    A  plate  of  tjno 

and  a  plate  of  silver  are 

plunged  into  the  Bnid  0' 

each  cap,  excepting  tb 

Erst  and  last  caps ;  bat 

/lach  of  those  plates  mast  have  a  sort  of  tail  or  prolongation. 

by  which  they  are  so  connected  that  tbe  silver  plate  of  one  '  '  - 

oommuoicfllea  with  the  buc  plate  of  the  next,  and  ao  on.    The 

battery  fig.  2,  consists  of  pieces  of  silver  about  the  aiie  of  Imlf- 

cn^wns,  pitaMoTziuc  trf  aboat  an  eqnal  sise  to  those  of  the  ril  ver, 


and  ptecea  of  card  or  riotb,  laubar.  or  atlMr  bib«t«a>  MbaUSee, 

a  little  smaller  in  diameter  than  the  aKtallio  piaoea.  and  aoaked 
In  water  or  In  any  otber  proper  Baid,  These  pieena  are  di»- 
posed  in  the  order  silver,  sine,  and  wet  eloth,  aa  indie*led  by 
the  letters  8,  Z,  W,  The  pieoes  of  card  or  dotk,  Im.  onst  Im 
well  soaked  in  tbe  iaids  ;  bat  before  ihej  u*  applied,  bbey 
shonld  be  sqneeaed,  in  order  that  the  atlpertloaua  BbM  (say 
not  run  down  the  outside  of  the  pile,  or  insinaaia  ilastf 
between  (he  contiguous  pieces  of  silver  and  sine.  Those 
pieces  especially,  if  soaked  in  common' water,  k>a«  their  miNt> 
tare  pretty  aoon,  so  that  they  can  hardly  aerve  longer  thaa  far 
a  day  or  two ;  after  whioh  time  the  pile  Oiast  be  deranged,  tW 
metallic  piecea  cleaoed,  those  of  cloih  or  card  soaked  agaia, 
and  tbe  whole  arranged  aa  before.  The  three  rods.  R,R.B, 
are  of  glass  or  of  baked  wood,  and  the  piece  of  wood,  O,  aUas 
freely  up  or  down  tbe  rods.  This  servos  to  prevent  the  ft' 
of  the  pieces.  When  snch  a  battery  is  f  ' 
that  ia  to  say,  when  it  is  to  consist  of 
nnmerons  pieces,  the  best  way  is  to  form 
two  or  more  piles,  and  tn  join  tbem  by 
pieces  of  metal,  as  CG,  in  Gg.  4,  where  .. 
two  piles  are  joined  together,  so  that  a  is  ~ 
the  negative  extremity,  and  b  is  the  posi* 
live  one  of  the  whole  arrangement,  or  of 
the  two  piles,  a  considered  as  ooe.  The 
battery,  Gg.  3.  coosists  of  a  strong  oblong  c 
vessel  of  baked  wood  or  porcelain,  about  ^ 
three  inches  deep,  and  as  much  broad. 
In  the  side  of  this  vessel  grooves  are 
made  opposite  to  each  other,  and  about  -! 
one-eighth  of  an  inch  in  depth.  In  e: 
pair  of  opposite  grooves  a  double  metallic  plat*,  nar.  a  plate  <C 
zinc  and  a  plate  of  silver  soldered  together  at  their  edgM,  art 
cemented,  or  the  plates  may  be  put  in,  connected  only  at  their 
upper  ends  ;  by  which  means  the  wooden  vessel  is  divided  iirta 
several  cells  or  partitions,  about  half  an  inch  wide,  «•  ia  is>ib> 
cated  by  tiie  figure.  Tbe  cemeolallon  of  the  metallio  piaoes 
into  the  sides  and  the  bottom  of  the  wooden  vessel,  moat  be  aa 
accurate  as  not  to  permit  the  passage  of  any  fluid  frOM  aa* 
cell  into  the  next.  Tbe  cement  proper  for  this  pnrpoae,  i* 
made  by  melting  together  five  porta  of  resin,  fnur  parts  of  bees- 
WHK,  and  two  parts  of  powdered  red-ochre.  Thoso  oeUs  an 
afterwards  filled  almost  to  the  top  with  watar,  or  aay  otbsc 
fluid,  according  to  the  foregoing  table,  and  thus  tbe  wbole  wH 
form  B  baliery.  consisting  of  various  repetitions  of  ailver,  aiaa, 
and  fluid.  Two  or  more  of  such  batteries  may  be  joined,  aa  wai 
said  of  the  preceding  battery. 

It  need  hardly  be  observed,  that  instead  of  line,  aopper,ani 
water,  other  combinations  may  be  made  according  to  tb*  table. 
At  present,  the  last  described  batteries  are  constractod  >U 
copper,  ainc,  and  water  mixed  with  a  small  portion  of  nilria  ar 
muriatic  acid.  For  tbe  construction  of  such  battenea  il  is  «( 
little  consequence  whether  the  maierials  are  pure  or  slIgMly 
alloyed.  The  action  of  all  these  batteries  is  greateal  whca 
they  are  first  completed  or  filled  with  any  fluid  ;  and  it  dnnliatl 
in  proportion  aa  the  meial  is  oxidated  or  the  Quid  lose*  its 
power.  Hence,  aHer  a  certain  time,  the  fluid  must  not  onlybi 
chaogcd,  but  the  pieces  most  be  cleaoed,  by  removing  tbe  om- 

{  dated  surface,  which  is  done  either  by  filing  or  mbbing  lb«a 
with  sand,  or  sand  paper,  or  hy  immersing  them  for  a  shall 
time  in  dilated  muriatic  acid,  and  then  wiping  lbc»  with  a 

'  coarse  cloth.  The  metallic  pieces  of  fig.  4.  may  be  deansd  hy 
the  lost  method,  and  wiped  by  introducing  a  stick  with  a  tag 
into  the  cells.  The  energy  of  galvanic  batteries,  wb«a  tti 
troughs  are  porcelain,  may  be  restored  by  merely  liftiag  art 
tbe  metals,  and  exposing  them  lo  the  action  of  tbe  atmoapben. 
This  much  may  be  sufficient  with  respect  to  the  c»ustracli«a •( 
simple  and  compound  galvanic  arrangements. 

Gahanie  ExperimeiUt. — Experiment  1.  When  the  galvnia 
battery  of  the  first  order  coosists  of  twenty  reiielilinaa  of  aii^ 

tie  combinatiooa,  and  if  with  one  ham)  one  eatreniij  of  a 
attery  lie  touched,  and  the  other  hand  he  applied  to  tbn  olbst 
extremity  of  the  battery,  a  shock  will  be  felt,  Kke  that  vUdi  is 
communicated  by  a  Lcydeo  phial  weakly  charged,  and  it  wilt 
hardly  be  felt  beyond  tl^e  flogers,  or  at  most  thie  wiiciA.  lUi 
shock  will  be  felt  as  often  as  the  contact  is  repeatod. 
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Aitffe.— Tb«  iMUtery  la  the  Mlkmia^  «xperiiiieDt,  is  Um  form 
«»f  that  most  utaallj  sold  by  the  philosophical  instrament 
MMUert.  The  nitrio  aad  numatic  acid  aiaj  be  had  at  aoy 
chriniflrfl  shap. 

2.  If  the  haods  are  contioued 
in  contact  with  the  extremities 
i  aod  c,  a  sliichi  bat  cantintted 
iiTitatioB  will  be  pereeived ;  aad 
whea  the  haad  which  touobes 
the  extremity  of  the  battery  is 
excoriated  or  wouaded,  this 
srnsatioB  i*  disagreeable,  and 
rather  painful. 

3.  Instead  of  one  person, 
several  persons  may  join  hands, 

(well  moistened  with  water,)  and  on  oompleting  Uie  eircnit, 
ihey  wiU  all  feel  the  shook  at  the  same  instant  But  the 
streagth  of  tlie  shook  is  mooh  diminished,  by  its  passinfc 
tbroogh  the  several  parsons,  or,  in  general,  by  passing  throngh 
less  perfect  oooductors. 

4.  The  shock  from  a  battery  consisting  of  fifty  or  sixty  repe- 
titions, of  the  most  active  combinations  of  the  first  order,  may 
be  felt  as  far  as  the  elbows,  and  the  combined  force  of  five  or 
atx  such  batteries  will  give  a  shock  much  stronger,  perhaps, 

most  men  wonld  be  wiUing  to  receive.  The  prepared 
of  a  frog  or  other  animal  are  violently  convulsed ;  bnt 
aoon  exhausted  of  their  irritability  by  the  actioa  of  a  galvanic 
battery,  and  its  action  on  a  person  lately  executed  at  Glasgow 
was  the  most  singalarly  terrific  that  medical  practitioners  had 
ever  witnessed. 

6w  If  a  wire,  proceeding  from  one  extremity  of  a  pretty 
atroog  battery,  is  made  to  communicate  with  the  inside  coat- 
ing; and  a  wire  which  proceeds  from  the  other  e&tremity  of 
the  battery  is  made  to  communicate  with  the  outside  coating 
of  a  common  large  jar  or  electrical  battery;  the  latter  will 
beoome  weakly,  but  almost  instantaneoosi) ,  charged  in  the 
same  manner  as  if  it  had  been  charged  by  a  few  turns  of  a 
oommoQ  electrical  machine:  with  this  charge  you  may  either 
give  the  shock  or  effect  on  the  electrometer. 

6w  The  spark,  or  the  discbarge  of  a  galvanic  battery,  when 
sent  through  thin  inOammable  bodies  that  are  in  contact  with 
common  air,  or  oxygen  gas,  sets  them  on  fire  and  consumes 
them  with  wooderCul  activity.  It  fires  gunpowder,  hydrogen 
gas,  phosphorus,  and  other  combnstibles ;  it  readers  red-hot, 
fuses,  and  oxidates  very  slender  metillic  wires,  and  metallic 
leaves.  The  mode  of  applying  the  power  of  the  battery  for 
such  purpoi^es,  is  shewn  in  fig.  2,  where 
A  B  represents  a  powerful  galvanic  bat. 
terv  :  A  C  D  F,  is  a  wire  which  commu- 
mc:atej  m  ith  the  last  plate  of  the  battery 
at  A ;  B  K  H  6  is  another  wire  which 
communicates  with  the  last  plate  at  B. 
D  E,  H  I,  are  two  glass  tabes,  through  which  those  wires  pass, 
and  into  which  they  are  fastened  sufficiently  steady.  Those 
tabes  serve  to  move  the  wires  ;  for  if  the  operator  applies  his 
fingers  to  those  tubes,  he  may  move  the  wires  wherever  ha 
pleases,  without  the  fear  of  receiving  a  shock.  If  the  two 
extremities  FG.  are  brought  sulficienUy  near  to  one  another, 
the  spark  will  be  seen  between  them.  It  is  between  those 
rxtffcmities  that  the  combustible  substances,  or  the  metallic 
leaC  is  to  be  placed  ia  order  to  be  fired  or  horned.  This  figure, 
moreover,  represents  the  sitnatioa  of  the  wires  ia  the  act  of 
iaflaming  gunpowder. 

7.  A  battery  consisting  of  200  pairs  of  metallic  plates  (i>tr. 
copper  and  sine,  each  B^ie  Inches  square)  melted  23  iocbes  of 


Fig,  a. 


▼ery  fine  iron  wire.  A  platina 
wire  about  ^  inch  in  diameter, 
was  melted  into  a  globule.  Fig. 
3.  is  the  representation  of  a 
compound  battery  of  the  same 
kind,  fastened  together  with 
iron  cramps  a,  6,  c.  Under 
tlte  exhausted  receiver  of  the 
air  pomp,  the  galvanic  battery 
aeu  less  powerfullv  than  in  the  open  air;  bat  in  oxygen  gaa,lt 
acu  with  increased  power. 
37. 


8.  The  flash  of  light,  which  appears  before  the  eye  of  the 
experimenter,  when  the  eve  Itself  or  some  other  part  not  very 
remote  from  it,  is  put  in  the  circuit  of  a  galvanic  eomlMnation, 
does  not  appear  much  greater  when  a  battery  is  employed  than 
when  two  plates  are  applied  in  the  manner  which  has  been 
already  mentioned ;  but  when  the  battery  is  used,  the  sensatiaa 
of  a  flash  may  be  produced  in  various  ways.  If  one  hand  or 
both  be  placea  in  contact  with  one  extremity  of  the  battery, 
and  almost  any  part  of  the  face  brought  into  contact  with  tbe 
other  extremity,  the  flash  will  appear  very  distinctly,  tbe 
experimenter  being  in  the  dark,  or  keepiug  bis  eyes  sbat. 
This  flash  appears  very  strong,  when  a  wire  which  proceeds 
from  one  extremity  of  the  battery,  is  held  between  the  teeth, 
aad  rests  upon  tbe  tongue,  whilst  the  other  wire  is  held  in  the 
hand.  In  this  case,  the  lips  and  tongue  are  <^onvolsed,  tha 
flash  appears  before  tbe  eyes,  and  a  very  pangent  taste  ia  per- 
ceived in  the  mouth. 

a  If  any  pert  of  tbe  baman  body,  forming  part  of  the  circuit 
of  a  galvaaic  battery,  is  kept  sometimes  in  that  situation,  the 
irritation  is  more  or  less  distinct,  according  to  tbe  sensibility  of 
the  psrts  concerned.  This  application  is  likely  to  prove  most 
useful  as  a  remedy  in  various  disorders.  It  is  said,  that  it  has 
already  proved  most  beneficial  in  deafness  and  in  rheumatisms. 

Decomposition  t^.  Compound  Bodits.^The  most  extraordiaary 
phenomena  of  galvanic  batteries,  are  the  chemical  eflects  pro- 
duced upon  bodies  placed  in  a  circuit  Thus,  when  into  two 
small  tubes,  eonnected  by  a  moist  animal  substance,  and  filled 
with  distilled  water,  two  gold  wires  are  introduced  from  a 
large  battery  in  the  proper  order,  oxygen  is  produced  ia  one 
quantity  of  water  and  hydrogen  in  the  other,  nearly  in  the  pro- 
portions in  which  they  ate  required  to  form  water  by  combus- 
tion. All  tbe  oxygenated  solutions  of  bodies  possessing  less 
affinity  for  oxygen  thaa  nasocnt  hydrogen,  are  decomposed 
when  exposed  to  the  action  of  the  metal  occupying  the  piece 
of  the  least  oxidable  part  of  the  series  in  the  compound  circle. 
Thus  we  may  produce  sulphur  from  salpbnrie  add  ;  aod  preci- 
pitate copper  and  other  metals  in  the  metallic  form,  from  tlieir 
solutions. 

On  briaeiog  potash  and  soda  within  tbe  actioa  of  a  powerful 
battery.  Sir  H.  Davy  found  that  metalline  substances  were 
produced,  which  he  has  aamed  potostium  and  oodium. 

it  is  well  known,  that  hydrogen  in  its  nascent  state,  reduces 
the  oxide  of  metals.  Accordiagly,  when  a  tube  is  filled  with  a 
solution  f>f  acetate  of  lead  in  distilled  water,  aad  a  communi- 
cation is  made  with  tbe  battery,  as  above  described,  no  gas  is 
perceived  to  issue  from  the  wiie  which  proceeds  from  the 
negative  end  of  the  battery ;  but,  ia  a  few  minutes,  beautiful 
metallic  needles  are  perceived  on  the  extremity  of  this  nire  ; 
they  soon  increase,  and  assume  tbe  form  of  a  fern  leaf,  or  other 
vegetable.  The  lead  thus  separated,  is  in  its  perfect  metallic 
state,  and  very  brilliant.  When  a  solution  of  sulphate  of  i-op- 
per  is  employed,  tbe  copper  in  precipitated  in  its  niciaUic 
state ;  but  instead  of  appearing  in  cr)staJs,  it  foniis  a  Lind  uf 
button,  which  adheres  firmly  to  ibe  end  of  tlie  uire.  The 
ejects  of  the  gslvanic  batler>  upon  ti.e  humaa  frame  wbcu 
d(  ad,  are  extraordiaary.  but  of  these  we  cannot  now  treat. 

Imprornmont  in  tke  Gmlvmnie  /IsMrnif.— Professor  Oersted, 
amoitig  his  other  discoveries  on  tbe  afliuity  betwt*€n  ckcttioity 
and  gah<wnism,  has  ascertained  the  important  fact,  that  to  pro- 
duce an  active  influence  on  the  inagiu-tir  needle,  and  tli\eit  it 
fiom  its  position,  exposing  it  to  the  action  of  a  sintcle  pair  of 
discs  of  copper  and  zinc,  separsted  by  a  cunductiug  body,  will 
be  sufficient ;  and  that  this  simple  apparatus  will  act  with  mora 
force  than  an  entire  pile.  By  this  simplification  of  the  Kslvauic 
process,  he  has  suspended  two  plates  of  copper  and  ainc  sepa- 
rated by  a  liquid  conductor,  to  a  very  fiae  thread :  aod  he  has 
found  this  arraagement  competent  to  give  them  a  higher  de- 
gree of  mobility,  aod  to  render  them  suseeptible  of  obeyinx  or 
Yielding  to  the  action  of  exterior  agents  however  feeble.  Little 
bars,  strongly  magnetised,  presenting  either  of  their  poles  to 
tbe  apparatus,  repulsed  or  attracted  it,  ioiparting  a  rotatory 
movement  about  the  poiot  of  sus|»ension. 

GAMBOGE,  a  cooareted  vegetable  juice,  psrtly  of  a  gVBMny 
and  partly  of  a  resinous  quality,  brovght  from  ladia. 

GAMB,  in  general,  signifies  any  diversion  or  sport  iierformed 
with  ragiilaffitjr,  or  rcstraiBed  to  rules.    Gaiaes  are  «smally 
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distingaisbed  into  those  of  address  and  those  of  hazard.  To 
the  first  belong  chess,  tenis,  billiards,  wrestling,  &c.  and  to 
the  latter  those  performed  with  cards  or  dice,  as  backgammon, 
ombre,  picc|uet,  whist,  &o. 

Games,  in  Antiquity,  were  pablic  diversions,  exhibited  on 
solemn  occasions.  Sach,  among  the  Greeks,  were  the  Olympic, 
Pythian,  Nemaean,  &o.  games;  and  among  the  Romans,  the 
Apollinarian,  Circeosian,  Capitoline,  &c.  games.  The  Romans 
bad  three  sorts  of  games,  vtr.  sacred,  honorary,  and  ladicroas. 
T^e  6rst  were  instituted  in  honour  of  some  deity  or  hero :  of 
which  kind  were  those  already  mentioned,  together  with  the 
augostalis,  doralis,  palatini,  &c.  The  second  were  those  exhi- 
bited by  private  persons  to  please  the  people,  as  the  combats  of 
gladiators,  the  scenic  games,  and  other  amphi theatrical  sports, 
llie  ludicrous  games  were  much  of  the  same  nature  with  the 
games  of  exercise  and  hazard  among  us ;  such  were  the  Indus 
trojanus,  tesserae,  tali,  trochus,  &c. 

Gamb.  It  is  a  maxim  of  the  common  law,  that  goods  of 
which  no  person  can  claim  any  property,  belong  to  the  king : 
hence  those  animals,  (ferae  naturae,)  which  come  under  the 
denomination  of  game,  are  styled  in  our  laws  his  majesty's 
game ;  and  that  which  he  has,  he  may  grant  to  another ;  in 
consequence  of  which,  another  may  prescribe  to  have  the  same 
within  such  a  precinct  or  lordship.  And  hence  originated  the 
right  of  lords  of  manors,  or  others,  to  the  game  within  their 
respective  liberties.  For  the  preservation  of  these  species  of 
animals,  for  the  recreation  and  amusement  of  persons  of  for- 
tune, to  whom  the  king  has  granted  the  same,  various  acts  of 
parliament  have  been  made.  To  entitle  any  one  to  kill  game, 
he  must  now  take  out  a  certificate,  upon  which  a  stamp  duty  is 
payable.  There  are  innumerable  acts  of  parliament  inflicting 
penalties  on  persons  illegally  killing  game,  and  some  of  them 
exceedins^ly  severe,  extending  even  to  transportation.  Yet, 
whilst  so  many  persons  of  g^eat  wealth  have  not  otherwise  the 
means  of  procuring  game  except  by  purchase,  and  areciestrous 
of  having  it,  the  encouragement  thus  given  to  poaching  will 
continue  to  render  all  game  laws  nugatory  as  to  the  eflfeot 
intended.  It  is  not  lawful  for  qualified  persons  to  kill  game  at 
all  seasons.  The  time  for  sporting,  in  the  day,  is  from  one 
hour  before  sun -rising,  until  one  hour  after  sun -setting. 
10  Geo.  III.  c.  10.  For  bustards,  the  sporting  is  from  Dec.  I  to 
March  I.  For  grouse,  or  red  grouse,  from  Aug.  11  to  Dec.  10. 
Hares  may  be  killed  all  the  year  under  the  restrictions  in  10 
Geo.  III.  c.  19.  Heath  fowl,  or  black  game,  from  Aug.  20  to 
Dec.  20.  Partridges,  from  Sept.  1  to  Feb.  12.  Pheasants,  from 
Oct.  1  to  Feb.  1.  Widgeons,  wild  ducks,  wild  geese,  wild 
fowls,  at  any  time  but  in  June,  July,  August,  and  September. 

GAMELION,  in  Ancient  Chronology,  was  the  eighth  month 
of  the  Athenian  year,  containing  29  days,  and  answering  to 
the  latter  part  of  our  January  and  beginning  of  I^ebruary. 

GAMING,  Laws  op.  These  are  founded  on  the  doctrine  of 
chances.  De  Moivre,  in  his  treatise  De  Mensura  Sortis,  has 
computed  the  variety  of  chances  in  several  oases  that  occur  in 
gaming,  the  laws  of  which  may  be  understood  by  what  follows. 
Suppose  p  the  number  of  cases  in  which  an  event  may  happen, 
and  q  the  number  of  cases  wherein  it  may  not  happen,  both 
sides  have  the  degree  of  probability,  which  is  to  each  other  as 
p  to  g.  If  two  gamesters,  A  and  B,  engage  on  this  footing, 
tiiat  if  the  cases  p  happen  A  shall  win ;  but  if  q  happen,  B 

shall  win,  and  the  stake  be  a;  the  chance  of  A  will  be — —. —  . 

P  +  g 

and  that  of  B  '      ,  '  ;  hence,  if  they  sell  the  expectancies, 

they  should  have  Uiat  for  them  respectively.    See  Chances^ 

GAMMONING,  seven  or  eight  turns  of  a  rope,  passed  over 
the  bowsprit,  and  through  a  large  hole  in  the  stem  or  knee 
of  the  head,  alternately,  and  serving  to  bind  the  inner 
quarter  of  the  bowsprit  close  down  to  the  ship's  stem,  in  order 
to  enable  it  the  better  to  support  the  stays  of  the  foremast ; 
after  all  the  turns  are  drawn  as  firm  as  possible,  the  opposite 
ones  are  braced  together  under  the  bowsprit  by  a  frapplng. 

GAMUT,  or  Gam-ut.  in  Music,  a  scale  on  which  we  may 
learn  to  sound  the  musical  notes  ut,  re,  mi^fa,  sol,  la,  in  their 
several  orders  and  dispositions. 
0ANG,  a  select  number  of  a  ship's  crew  appointed  on  any 


particular  service,  and  commanded  by  an  officer  suitable  to  the 
occasion. 

Gang  Board,  a  plank  or  board,  with  several  cleats  or  steps 
nailed  to  it,  for  the  convenience  of  walking  into  or  out  of  s 
bqat  upon  the  shore,  where  the  water  is  not  deep  enough  to 
float  the  boat  close  to  the  landing  place. 

Gang,  otGangue,  in  Mineralogy,  is  a  word  osed  by  Germai 
mineralogists  to  denote  a  metallic  vein.  But  aceording  to  the 
French,  it  denotes  the  stony  matter  which  accompanies  the  ore 
in  the  vein. 

GANGRENE,  is  a  great  and  dangerous  degree  of  ioflaai- 
mation  wherein  the  parts  begin  to  be  in  a  state  of  mortifieatioa. 

GANGWAY,  a  narrow  platform,  or  range  of  flanks,  laid 
horizontally  along  the  upper  part  of  a  ship's  side,  from  the 

auarter  deck  to  the  forecastle,  and  ia  peculiar  to  ships  that  are 
eep  waisted,  for  the  convenience  of  walking  more  expedi- 
tiously fore  and  aft,  than  by  descending  into  the  waist:  ftb 
fenced  on  the  outside  by  iron  stanchions,  and  ropes  or  rails, 
and  in  vessels  of  war  with  a  netting,  in  which  part  of  the  ham- 
mocks are  stowed.  In  merchani  ships,  it  is  frequenUy  ealkd 
the  gang-hoard. 

Gangway,  is  also  that  part  of  a  ship's  side,  both  within  and 
without,  by  which  persons  enter  and  depart ;  it  is  provided 
with  a  sufficient  number  of  steps,  or  cleats,  nailed  upon  the 
ship's  side,  nearly  as  low  as  the  surface  of  the  water,  and  some- 
times furnished  with  a  railed  accommodation  ladder,  resembling 
a  flight  of  stairs  projecting  from  the  ship's  side,  and  secured  by 
iron  braces. 

Gangway,  is  also  used  to  signify  a  narrow  passage  left  ia 
the  hold,  when  a  ship  is  laden,  in  order  to  enter  any  particular 
place  as  occasion  may  require,  whether  to  examine  the  situa- 
tion of  the  provisions  or  cargo  ;  to  discover  and  stop  a  leak,  or 
to  bring  out  any  article  that  is  wanted.  Finally,  Gmmgwag 
implies  a  thoroughfare,  or  narrow  passage  of  any  kind. 

To  bring  to  the  Gangway,  a  phrase  signifying  to  punish  a 
seaman  by  seizing  him  up  and  flogging  him  with  a  cat-o'-nine- 
tails 

GANTLOPE,  or  Gauntlopc,  vulgarly  pronounced  ^eaf&f, 
a  race  which  a  criminal  is  sentenced  to  run  in  a  vessel  of  war, 
for  felony,  or  some  other  heinous  offence.  It  is  executed  ia 
the  following  manner : — The  whole  ship's  crew  is  disposed  ii 
two  rows,  standing  face  to  face  on  both  sides  the  deck,  so  as 
to  form  a  line  whereby  to  go  forward  on  one  side  and  aftoa 
the  other,  each  person  being  furnished  with  a  small  twisted 
cord  called  a  knittle,  having  two  or  three  knots  upon  it ;  tie 
delinquent  is  then  stripped  naked  above  the  waist,  and  ordered 
to  pass  forward  between  the  two  rows  of  men  on  one  side  and 
aft  on  the  other  side,  a  certain  number  of  times,  rarely  exceed- 
ing three,  during  which  every  person  gives  him  stripes  as  he 
runs  along;  in  his  passage  he  is  sometimes  tripped  np  and 
severely  handled  while  incapable  of  proceeding  ;  this  punish- 
ment, \  hich  is  called  running  the  gantlet,  is  seldom  inflicted 
except  for  such  crimes  as  naturally  excite  general  antipathy 
amongst  the  seamen. 

GARBOARD-STREAK,  the  first  range  or  streak  of  planks 
laid  upon  a  ship's  bottom,  next  the  keel,  thronghout  the  whole 
length  of  the  Hoor.  Tho  edge  of  this  plank  is  let  into  a  groove 
or  channel  in  the  side  of  the  keel,  which  is  called  the  rabbet  of 
the  garboard-streak. 

GARDENING.  This  art,  so  natural  to  man,  may  be  divided 
into  two  branches,  practical  and  picturesque.  A  gardes, 
properly  speaking,  is  a  small  spot  of  ground  attached  to  tke 
bouse. '  As  the  house  is  itself  a  regular  and  formal  object,  le 
we  naturally  expect  something  of  the  same  regularity  in  iiu 
appendage.  Neatness  too  is  one  of  the  chief  excellences  oft 
garden,  and  this  is  wholly  inconsistent  with  a  rage  for  the  pic- 
turesque.   See  Loudon's  Cyclop/edia  op  Gardening. 

The  situation  of  a  garden  should  be  dry,  rather  low  tiita 
high,  and  sheltered  from  the  north  and  east  winds.  These 
points  of  the  compass  should  be  guarded  against  by  a  wall  tea 
feet  high ;  lower  walls  do  not  answer  so  well  for  fruit  trees. 
A  garden  should  be  so  situated,  as  to  be  as  much  warmer  as 
possible  than  the  general  temper  of  the  air  is  without,  or  oogkt 
to  he  made  warmer  by  the  ring  and  subdivision  fences.  A 
garden  may  be  square,  but  an  oblong  is  preferred,  and  the  area 
rather  a  level ;  or  if  there  is  a  slope  it  shoald,  be  soathw^,  i 
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poiBt  either  to  the  eait  or  west  not  nmeh  tifcniiyinf ;  bot  not 
lo  the  north,  if  it  can  be  avoided,  becaoie  crops  cooie  io  late, 
and  plants  do  not  stand  the  winter  so  well  in  sock  a  sitaation. 
A  i^rden  with  a  northern  aspeot  has  advantages,  being  coder 
for  some  summer  productions. 

The  best  soil  for  general  cultivation  is  a  loam,  rather  red  than 
black.  The  worst  is  a  cold  heavy  clay,  and  the  next  a  Ugfat 
aand ;  a  moderate  clay,  however,  is  better  than  a  light  soil, 
though  not  so  pleasant  to  work.  The  aspect  of  the  wall 
designed  for  the  best  fruits  may  be  full  south ;  or  inclining  to 
east,  by  which  it  will  catch  the  sun's  rays  at  its  rise,  the  cold 
aight-dews  be  earlier  dissipated,  and  the  scorching  ravs  of 
the  afternoon  sun  are  sooner  off.  By  thus  having  the  walls  of 
a  garden  not  directly  to  the  four  points,  the  north  wall  is 
greatly  advantaged  by  having  more  run. 

The  border  nest  Ibis  wall  should  be  of  good  earth,  about 
tvro  feet  deep,  risinr  a  little  towards  the  wall.  A  fne  mode- 
rate loam,  or  some  fresh  maiden  soil,  not  too  light,  is  essential 
to  make  the  borders  promising  good ;  and  in  order  to  this,  if 
manure  is  necessary,  let  it  be  that  of  rotted  vegetables,  or 
turf,  with  wood  ashes ;  for  the  roots  of  fruit-trees  should  not 
Beet  with  much  dung,  at  least  of  horses ;  that  of  cows  is  the 
best,  or  that  of  sheep  or  hogs  will  do  well  rotted,  well  miaed, 
Slc.  being  worked  in  the  borders  as  long  as  possible  before  the 
trees  are  planted. 

If  a  garden  is  large  and  souare,  a  second  south  wall,  running 
down  the  middle  of  it,  would  be  useful ;  and  so,  if  large  and 
lon^,  a  cross  wall  or  two  might  be  adopted,  as  giving  oppor- 
tomty  for  the  cultivation  of  more  trained  fruit-trees;  sind  if 
there  is  any  idea  of  forcing  fruits,  these  intersecting  walls, 
ranging  east  and  west,  are  proper  for  it,  (as  situated  within  the 
ring  fence.)  furnuhed  with  fiues,  ke»  The  best  fruit  border 
being  prepared  for  peaches,  nectarines,  and  apricots,  or  vines 
and  fip,  the  trees  should  take  their  residence  there,  (if  the  leaf 
is  falling,)  about  the  latter  part  of  October.  If  the  middle  of 
I>ecember  is  past,  February  is  then  the  time ;  though  gardeners 
plant  all  winter,  if  the  weather  is  open  enough  to  work  the 
ground.  March,  however,  may  do,  or  even  the  beginning  of 
April. 

Wall  trees  should  not  be  older  than  two  years  from  grafting 
or  budding.  Except  in  fine  situations,  never  plant  early  and 
late  peaches ;  as  the  first  may  be  cut  off,  and  the  latter  not 
ripen.  The  distance  to  plant  should  be  about  twelve  inches 
from  the  wall :  and  let  apricots,  peaches,  and  nectarines  he 
twenty  feet  asunder,  or  according  to  the  height  of  the  wall; 
thouirh  for  the  small  early  sorts  fifteen  or  sixteen  feet  will  do. 
As  the  larger  apricots,  however,  grow  freely,  and  do  not  well 
endure  the  knife,  they  ought  to  have  twenty-five  feet  allowed 
them.  This  is  for  a  wall  nine  or  ten  feet  high ;  if  higher,  the 
distance  may  be  less,  and  if  lower,  the  contrary.  Fig  trees 
require  as  much  room  as  the  apricot,  or  rather  more ;  as  thev 
grow  freely,  and  are  to  extend  without  shortening.  Though 
other  trees  are  best  planted  in  October,  the  fig  should  not  be 
till  March.  The  intermediate  spaces  between  peaches,  necta- 
rines, and  apricots,  may  have  a  vine,  a  dwarf  cherry,  or  currant 
or  gooseberry  tree  of  the  early  sorts,  as  the  smooth  green  and 
small  red,  to  come  in  early.  But  wherever  grapes  can  be 
expected  to  ripen,  there  let  a  young  plant  or  cutting  be  set, 
tbough  the  space  should  be  confined ;  for  the  vine,  freely  as  it 
shoots,  bears  the  knife  well  to  keep  it  within  bounds.  If  the 
wall  is  high,  the  cherry  or  plum  may  be  half- standards ;  which 
being  after  a  while  kept  above,  will  be  more  out  of  the  way  of 
the  principal  trees ;  though  dwarfs  may  be  trained  so  as  not  to 
interfere.  Some  have  planted  half-standards  of  the  same 
kind  of  fruit  as  the  dwarfs ;  but  whichever  mode  it  adopted, 
let  the  intermediate  trees  be  pruned  away  below  in  good  time, 
io  order  to  accommodate  the  principals  freely  as  they  mount 
and  extend. 

Plums,  cherries,  and  pears,  may  occupy  the  other  walls ;  the 
two  former  at  about  fifteen  feet,  or  it  may  be  twenty  feet 
asunder.  Cherries,  except  the  morella,  will  not  do  well  in  a 
full  north  aspect ;  but  any  sort  of  plum  (rather  a  late  one) 
and  summer  pears,  and  alto  nut  trees,  will,  if  you  choose  to  train 
them.  There  should  always  be  some  currents  and  gooseberries 
m  an  east  and  north  situation,  at  the  distance  of  eight  feet, 
where  they  will  be  easily  matted,  when  rlpOy  to  aoae  ia  late^ 


as  Oelober,  November,  or  perhaps  December.  Pear  trees  ol 
free  growth  are  hardly  Io  be  kept  within  tolerable  compass  oa 
low  walls ;  but  if  attempted,  shoald  have  at  least  thirty  feet 
allowed  them.  The  best  sorts  of  winter  pears  deserve  a  soatk- 
erly  wall  to  ripen  them  well,  and  improve  them  in  sine  and 
fiavoar.  The  gable  end  of  a  boose  is  well  adapted  for  a  pear- 
tree,  as  it  affords  room,  which  they  reauire.  Apples  may  do  well 
on  a  wall,  (and  if  any  on  a  good  wall,  let  it  be  the  golden  pippin,) 
yet  the  practice  is  seldom  adopted.  For  furnishing  walls,  choose 
trees  of  moderate  wood,  young,  well  rooted,  clean,  and  healthy. 

'When  the  planting  of  a  garden  is  finished,  it  will  be  a  good 
vray  to  have  a  plan  of  it  ti&en,  with  the  name  of  every  pecu- 
liar tree  marked  on  it  in  its  place,  to  be  assured  of  the  sorts 
when  they  oome  to  bear.  Here  it  may  be  observed,  that  if  aaj 
evergreen  hedges  are  desired  ia  or  about  the  garden,  yew, 
box,  alatemus  celastrus,  phillyrea,  and  pyracantha,  may  be  kept 
low,  and  clipped  in  form,  if  so  desired ;  in  addition  to  which, 
if  a  few  roses  were  intermixed,  it  would  have  a  very  pretty 
effect.  A  deciduous  hedge  f8r  subdivision,  or  screen.  Ice. 
may  be  made  of  elms  or  limes,  setting  the  larger  plants  at  five 
feet  asunder,  and  a  smaller  one  between.  Or  an  ordinary 
fence,  or  subdivision,  may  be  quickly  formed  of  elder  cuttings, 
stuck  in  at  ,two  feet  asunder,  which  may  be  kept  cut  withia 
bounds. 

A  wide  body  next  the  south  wall,  as  was  said,  is  best  for  the 
trees ;  and  moreover,  for  the  many  uses  that  may  be  made  of 
it  for  the  smaller  eari? ,  or  late  tender  esculents,  and  a  few 
earlier  cauliflowers.  For  the  sake  of  a  pleasant  warm  walk  ia 
spring,  to  have  the  south  border  narrow  may  be  desirable ; 
but  on  no  account  let  it  be  less  than  six  feet.  Take  care  that 
this  walk  is  not  sunk  too  much ;  and  that  it  have  a  bottom  of 
gbod  earth,  as  deep  as  where  the  trees  are  planted.  Let  tha 
body  of  gravel  be  thin,  and  then  the  roots  of  the  trees  will  be 
admitted  to  run  properly  under  the  walk,  and  find  wholesome 
nourishment ;  where,  if  they  were  stopped  by  rubbish,  they 
would  be  apt  to  canker,  and  irrevocaUy  disease  the  trees. 
The  number  and  breadth  of  the  walks  must  in  a  measure  be 
determined  by  the  quantity  of  allotted  ground ;  exceeding  ia 
these  particulars  where  there  is  room.  But  few  and  wide 
walks  are  better  than  many  and  contracted.  If  edgings  are  to 
be  made,  in  order  to  separate  between  the  earth  and  gravel, 
especially  if  of  stone  or  wood,  or  box,  they  should  be  done 
first,  and  they  will  be  a  good  rule  to  lay  the  box  by.  Grass 
walks  may  answer  where  gravel  is  scarce.  Csmomile  has  been 
also  used  to  form  green  or  carpet  walks,  planting  it  in  sets 
about  nine  or  ten  inches  asunder:  which  naturally  spreadinc,  the 
runners  are  filed  by  walking  on  them,  or  rolling.  Sand  may 
be  adopted  for  walks,  but  lay  not  any  of  it  too  thick,  as  it  is 
the  less  firm  for  it  Coal-ashes  strewed  thinly  in  the  alleys  are 
better  than  nothing,  as  they  at  least  serve  to  keep  the  feet  dry. 
Sea-shells  make  very  good  walks. 

All  trees  designed  to  be  planted  are  to  be  thought  of  before 
winter.  Those  of  the  wall  have  been  spoken  of;  and  as  to 
standards,  thev  must  have  a  fair  depth  of  good  soil  to  grow  in ; 
for  it  should  be  remembered,  that  tree  roots  in  a  garden  are 
prevented  from  running  over  the  surface,  as  they  do  in  aa 
undisturbed  orchard.  It  is  necessary  that  some  eantion  should 
be  used  not  to  dig  the  ground  too  near  and  too  deep  about 
garden  trees,  lest,  loosening  the  roots,  they  should  not  be  able 
to  stand  the  wind ;  and  because  the  nearer  the  surface  any  root 
grows,  the  more  and  choicer  fruit  the  tree  bears.  But  the 
fewer  standard  trees  in  a  garden  the  better,  as  they  take  up 
much  room,  and  by  their  shade  prevent  the  proper  growth  of 
vegetables  that  are  near  them ;  so  that  if  a  garden  is  small 
there  should  be  no  trees  except  those  of  the  wall.  The  case  is 
different  where  there  is  ample  room ;  and  the  blossoms  of  fruit 
trees  are  so  delightful,  that  if  they  produced  nothing  for  the 
palate,  there  would  be  a  sufficient  inducement  to  plant  them 
for  ornament;  but  let  them  be  dwarf  standards  in  preference 
to  espaliers. 

Dwarf  standards  occasion  less  trouble  to  keep  them  in  order 
than  espaliers,  and  are  generally  more  productive ;  for  espalier 
trees  are  seldom  miinaged  well,  and  thus  appear  aasightly :  at 
best  they  are  stiff  and  formal,  and  obstraet  the  sight  io  viewing 
the  quarters  of  a  garden,  which,  if  in  order,  are  worthy  of  coming 
aadar  theeye. 
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If  toy  eapiliera  are  piaiitedy  let  them  be  only  fhiit  of  the  best 
tforts,  and  ia  spaoious  gurdent,  where  they  inay  have  a  gi»od 
length  and  height  allowed  them  to  grow  freely.  They  shoold 
rather  be  trained  to  tawed  materials  properly  framed  together, 
amoothed  aod  painted.  Bat  for  a  year  or  two  they  may  be 
festened  to  light  stakes,  when  they  will  have  formed  a  head,  to 
t^egin  to  traio  them  for  bearing  ia  the  neat  manner  propoxcd, 
that  is,  to  slips  of  deal  joined  to  light  oak  posts,  as  trellises. 
Whetljerthe  slips  are  placed  perpendicnlarly  or  longitadinaily, 
aeems  indifferent  If  the  longitudinal  mode  of  training  is  the 
best  approved,  strong  iron  wire  may  be  recommended  to  run 
ihrough  the  posts  instead  of  slips  of  wood,  as  it  shades  less, 
and  is  stronger  and  neater.  If  apright  slips  are  used,  tliey 
chould  be  slender,  and  from  six  to  eight  inches  distant,  accord- 
ing to  the  greater  or  less  freedom  of  the  natural  growth  of 
the  tree. 

Apples  should  be  allowed  34  feet,  and  pears  30,  except 
those  grafted  on  paradise  or  quince  stook,  for  which  Httle  more 
than  half  this  distance  may*answer.  Cherries  and  plums 
should  have  about  18  or  20  feet  allowed  them.  Quinces,  med- 
lars, mulberries,  and  filberds,  may  also  be  espaliered.  The 
trees  should  be  planted  about  a  yard  from  the  edge,  but  farther 
joff  is  better,  if  the  walks  lie  deep  of  gravel  or  poor  materials. 

Currants,  gooseberries,  and  raspberries,  do  well  espaliered, 
as  to  a  production  of  early  and  fine  fruit. 

Trees  of  a  more  humble  nature,  and  shrubs,  next  occupy 
attention  in  furnishing  a  garden.  Currants  and  gooseberries 
(as  bushes)  should  be  planted  tliree  feet  from  the  edge,  and  full 
six  feet  asunder.  Some  of  these  very  useful  shrubs  should 
grow  in  every  aspect  of  the  garden,  in  order  to  have  a  succes- 
sion of  their  fruits  as  long  as  may  be.  Those  who  choose  to 
plant  whole  quarters  of  currants  and  gooseberries,  ought  to  do 
It  at  six  feet  asunder  in  the  rows,  and  the  rows  eight  feet  from 
one  another. 

•  Raspberries  may  be  set  in  plantations,  in  rows  {jve  feet  asun- 
der, allowing  three  feet  betneen  the  plants.  These  shrubs  are 
always  best  by  themselves,  as  otherwise  their  suckers  over- run 
the  quarters.  Between  rows  of  raspberries  planted  at  the 
above  distance,  eoleworts,  early  cabbages,  cauliflowers,  and 
lettnoes  may  be  set,  or  spinach  sowed  in  drills ;  the  raspberries 
having  had  their  pruning  and  dressing  early  in  autumn  for 
Uie  purpose.  Every  year,  a  little  short  manure,  dug  in  clo^e 
about  the  roots,  (and  deeper  as  the  plantation  gets  older,)  will 
ensure  fine  fruit.  Raspberries  are  not  very  nice  as  to  soil  and 
situation.  The  smooth-wooded  or  cane-rasp  is  to  be  preferred 
for  a  prindpal  crop.  The  large,  white,  or  Antwerp,  is  also 
good. 

Strawberries  may  be  planted  at  the  edges  of  borders  and 
ouarters,  either  in  single  or  double  rows,  (rather  the  latter)  for 
the  convenience  of  gathering,  and  for  ornament,  but  the  com- 
mon and  best  way  is,  in  four-feet  beds,  with  eighteen-inch  or 
two-feet  alleys,  on  which  beds  may  be  five  rows  of  the  wood 
and  alpine,  four  of  the  scarlet  and  pine-apple,  three  of  the 
Carolina,  and  two  of  the  Chili ;  setting  the  plants  at  the  same 
distance  in  the  rows  as  the  rows  are  from  one  another  in  the 
ifainoonx  order.  In  a  good,  cool,  loamy  soil,  which  suits  them 
{beat,  a  little  more  distance  may  be  allowed ittie  first  four  sorts; 
and  Ml  a  quite  dry  light  toil,  somewhat  less,  that  they  may 
ahade  one  aaother  the  better  from  drought  The  best  situation 
far  strawberries  is  aa  opea  and  sunny  one,  as  thus  they  bear 
anore  and  finer-flavoured  fruit.  Some  of  the  scarlets  shoold  be 
fdanted  under  warm  walls,  to  come  eariy.  The  woods  bear 
ahade  as  natural  to  them,  and  the  alpines  do  tolerably  well  in 
it  The  moat  proper  time  for  planting  the  strawberry  is  the 
first  moist  weather  ia  September,  (or  even  earlier,)  that  they 
maybeeatablishedin  the  ground  before  winter,  and  they  will  bear 
tlie  better  the  first  year.  Frost  is  apt  to  throw  up  late*planted 
•nes,  and  injures  if  not  destroys  them.  Those  planted  in 
apring  often  suffer  from  drought,  and  bear  very  little  the  first 
year,  except  the  alpines.  Choose  forward  runners  for  plant- 
ing, and  let  them  be  from  beds  in  full  bearing,  that  is,  of  two 
or  three  years  eid,  for  plants  from  old  beds  are  not  so  fruitful. 
Press  the  nMMiM  to  the  roots,  give  them  a  watering,  and  again 
once  or  twioe  if  the  weather  proves  dry.  Some  gardeners  let 
them  run  ever  the  beds,  which  in  a  dry  \ifflit  soil  may  be 
proper;  but  in  this  case,  a  greater  distance  should  be  allowed 


them  at  planting.  If  the  alpine  sort  is  planted  on  m  nam 
border,  eighteen  inches  asunder,  and  suffered  to  apread,  the 
first  runners  will  fruit  the  same  year,  and  sometimes  ibis 
prolific  strawberry  bears  till  November. 

Fresh  plantations  of  strawberries  should  be  made  evtfw 
fourth  year,  though  in  a  good  soil,  and  with  good  maoagemeot. 
they  will  oontioue  longer;  so  that  where  they  are  suffered  to 
run,  the  plants  being  frequently  renewed,  and  old  ones  removed, 
beds  have  borne  tolerably  for  ten  years.  The  watering  of 
strawberries  should  not  be  neglected,  doing  it  almost  daily 
when  in  flower,  and  setting  their  fruit,  if  the  weatlier  profcs 
dry,  particularly  to  those  under  a  warm  wall ;  but  this  ia  not  to 
be  continued  when  the  fruit  is  noariy  ripe. 

Flowering  shrubs  may  be  dispersed  about,  and  berbaeeoet 
perennial  flowers  ;  but  plant  them  not  too  near  the  edge,  icsi 
they  hiing  over  the  walks.  The  bulbous  sort  may,  however, 
be  within  six  inches,  especially  crocuses  aod  snow-drops. 

Asparagus  aod  artichokes  take  up  much  room,  and  ia  sanll 
gardens  may  therefore  be  left  out  It  will  be  of  little  use  la 
have  less  than  50  or  60  feet  of  asparngus-beds,  as  there  would 
be  so  few  heads  to  cut  at  a  time ;  and  articliokes  muat  be  planted 
wide.  Let  not  potherbs  be  forgotten,  but  provide  a  getieril 
herbary  in  that  part  of  the  garden  which  is  warmest,  and  best 
shaded,  for  these  are  tender  plants. 

Having  spoken  of  stationary  things,  the  routine  of  te 
seasons  most  dictate  the  rest;  and  the  inclinatioos  e€  the 
palate  will  refresh  the  memory  to  take  care  of  providlat 
the  most  necessary  and  agreeable  esculents  for  dressing,  aai 
raw  salads. 

Perennial  flowi>rs  have  been  mentioned  ;  but  let  faney  direet 
as  many  annuals  and  biennials  to  be  cultivated,  as  room  em 
eonvenienil}  be  toniid  for,  that  the  garden  may  be  as  macbas 
possible  ornamented. 

in  furnishing  a  garden  with  shrubs  and  flowers,  respect 
should  be  had  to  their  usual  height,  their  bulk,  colour,  and 
season,  that  the  mixture  may  be  properly  varied,  tumno- 
nious  to  the  eye,  and  come  in  reB:uIar  succession.  The  latter 
part  of  the  year  is  seldom  provided  for  so  well  as  it  might  be; 
late  flowers  should  be  set  in  warm  situations,  as  tlieir  proper 
place.  In  the  most  dreary  months,  by  judicious  plaotmf, 
evergreens  in  their  neat  and  cheerful  **  winter  liveries,"  may 
be  viewed  from  our  windows,  and  serve  instead  of  flovrers. 

Those  who  garden  upon  a  large  scale,  should  take  caie  to 
have  every  thing  proper  and  convenient  liberally  providel. 
Let  there  be  a  well-situated  place  for  hot-beds,  with  sone 
building  as  a  tool  house,  and  (if  dry)  for  keeping  bulbs,  seeds, 
and  herbs.  Those  also  who  garden  even  upon  a  small  scale, 
will  do  well  to  have  every  needful  implement.  If  water  oaa  be 
introduced  and  kept  clean  with  verdant  banks  around  it,  it 
would  be  found  very  useful  where  a  garden  is  large ;  but  let  it 
be  as  near  the  centre  as  possible,  as  the  most  convemeat 
situation.  It  should  be  fed  from  a  pond  in  preference  to  a 
Spring. 

Mixed  gardening,  as  comprehending  the  profitable  with  ^ 
pleasant,  has  been  the  subject  hitherto  ;  but  if  the  flower  gar- 
den and  the  kitchen  garden  are  to  be  distinct,  the  case  b 
altered  ;  not  so  much  indeed,  but  that  still  the  kitchen  gardea 
should  be  adorned  with  a  sprinkling  of  the  more  ordioafy 
decorations,  to  skirt  the  quarters,  chiefly  those  of  the  most 
powerful  sweet  scents,  as  roses,  sweetbriars,  and  honeysuekks, 
wall-flowers,  stocks,  pinks,  mignonet. 

The  Fivwer-farden^  properly  so  called,  should  be  rather 
small  than  latge ;  and  if  a  separate  portion  of  ground  is  appro- 
priated for  tbisi,  only  the  choicest  flowers  should  be  introduced, 
and  cultivated  in  the  best  manner.  The  beds  of  this  gardea 
should  be  narrow,  and  consequently  the  walks  numerous ;  and 
not  niore  than  one-half  or  two-thirds  the  width  of  the  beds, 
except  one  principal  walk,  all  round,  which  may  be  a  little 
wider.  The  gravel,  or  whatever  the  walks  are  made  of,  shoaM 
Ne  about  four  inches  below  the  edge.  The  beds  for  tulipt, 
hyacinths,  anemones,  ranunculuses,.  &c.  maybe  three  and  a 
half  or  four  feet  wide,  and  those  for  single  flowers  the  sane, 
or  only  two  and  a  half  feet  wide  in  the  borders.  Let  the  bedl 
lie  rather  rounded  in  tbe  middle,  but  the  walks  flat  Figured 
parterres  have  got  out  of  fashion,  as  a  taste  for  open  and 
•xtenalve  gardening  has  prevailed ;  but  when  the  beds  are  not 
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too  fAncifal,  bat  re^rolar  is  tbeir  shapes,  and  chiefly  at  right 
anjdes.  after  the  Chinese  maBoer,  ao  asseoiblage  of  all  sorts  of 
flowers,  io  a  fancy  spot  of  nboat  00  feet  square,  is  a  deli|chtful 
home  source  of  pleasure,  worthy  of  pursuit.  There  should  be 
neat  edginfcs  of  box  to  these  beds,  or  rather  of  neat  inch 
l>osrds,  painted  lead  colour,  to  keep  up  the  mould.  Be  sure 
to  keep  the  box  from  tlie  very  first,  as  soon  as  rooted,  and 
alwa>  s  afler»  as  low  as  possible ;  clip  it  twice  a  year,  April 
and  July. 

LmmUeape  or  Picturesaue  Gurdening^  is  so  much  the  work 
of  fancy,  and  so  much  depends  upon  the  situation,  or  what 
Brown  and  Loudon  call  the  capability  of  the  place,  that 
that  no  precise  rules  can  be  laid  down  concerning  it.  All, 
therefore,  that  can  be  expected,  is  a  few  loose  hints,  on  which  the 
man  of  taste  may  improve  according  to  circumstances.  The 
pleasure  we  seek  in  laying  out  gardens,  is  now  justly  founded 
upon  the  principles  of  concealed  art,  which  appears  like  nature ; 
but  still,  whether  ingenious  contrivances,  and  decorations, 
(altogether  artificial,)  should  be  so  entirely  laid  aside  as  they 
are,  may  desenre  to  be  considered.  Perhaps  thr  works  of  the 
statuary  might  still  be  introduced,  if  well  executed,  and  in 

C roper  places.  A  terrace,  as  a  boundary,  is  now  seldom  formed, 
at  in  some  situations  such  an  eminence   might  in  several 
resp<rcts  be  agreeable. 

If  trees  are  planted  injudiciously,  the  error  is  a  trifle,  but  if 
cut  down  so,  the  consequence  is  serious,  and  has  often  been 
sorely  lamented ;  extirpation  should  therefore  be  well  thought 
of  before  it  is  executed,  especially  trees  about  houses,  for 
many  dwellings  have  been  thus  too  hastily  exposed,  and  deprived 
of  comfortable  shelter  and  shade.  Hilly  spots  that  are  in  view 
of  the  house  should  be  planted  with  firs,  as  fine  looking  trees, 
and  very  hardy.  Beech  does  well  on  high  ground,  especially 
if  chalky.  In  low  ground,  not  to  mention  alders,  and  that 
tribe,  the  birch,  and  even  the  oak,  should  not  be  forgotten, 
where  the  wet  does  not  long  stand. 

About  the  house  some  shady  walks  ought  always  to  be  pro- 
vided, by  thick  planting,  if  not  of  trees,  yet  of  flowering  shrubs, 
and  evergreens,  of  which  the  laurel  will  be  found  the  most 
useful.  Those  who  have  much  space  of  ground  to  decotate,  do 
well  to  plant  trees,  and  shrubs  of  every  kind,  as  enlarging  thOi 
sources  of  amusement :  but  if  the  allotment  of  ground  for  this 
purpose  is  contracted,  then,  of  course,  those  only  should  be 
planted  which  by  their  neat  foliage,  natural  symmetry,  and  gay 
flowers,  may  l>e  truly  esteemed  ornamental.  The  walks  should 
always  be  wide,  some  inclining  to  serpentine,  and  contrived  as 
much  as  possible  upon,  a  level,  as  walking  up  and  down  hills 
can  hardly  be  called  pleasure.  That  they  may  be  extensive, 
they  should  skirt  the  grounds  and  seldom  go  across  them.  In 
small  pleasure  grounds  the  edges  of  the  walks  should  be  regu- 
larly planted  with  flowers,  and  long  ones  oceasionally  so,  or 
with  the  most  dwarf  shrubs ;  and  neat  sheltered  compartments 
of  flowers  (every  now  and  then  to  be  met  with)  have  a  pretty 
eflTecl.  If  the  walks  are  extended  to  distant  plantations  of 
forest'trees,  every  opportunity  should  be  taken  to  introduce 
something  of  the  herbaceous  flowery  kind,  which  will  prove  the 
more  pleasing,  as  found  in  unexpected  situations.  The  outer 
walk  of  pleasure  grounds  and  plantations  should  every  now 
and  then  break  into  open  views  of  the  country,  and  to  parts  of 
the  internal  space,  made  pleasing,  if  not  striking,  by  some 
work  of  art,  or  decoration  of  nature. 

Water  should  only  be  introduced  where  it  will  run  itself 
clear,  or  may  be  easily  kept  so,  as  also  in  full  sight ;  and  some 
fall  of  it  should  be  contrived,  (if  possible)  for  the  sake  of 
iririog  it  motion  and  sound,  because  a  lively  scene  of  this 
dement  is  always  mueh  more  pleasant  than  a  dead  one.  Near 
some  pieces  of  water,  as  a  cool  retreat,  it  is  desirable  that  there 
shoald  be  something  of  the  summer-house  kind  ;  or  a  simple 
rustic  arbour,  embowered  with  the  woodbine,  the  sweetbriar, 
the  jessamine,  and  the  rose. 

Before  the  design  of  a  rural  and  extensive  garden  is  put  in 
execution,  it  ought  to  be  considered,  or  anticipated  what  it 
will  be  in  twenty  or  thirty  years'  time ;  for  it  often  happens, 
that  a  design  which  looks  handsome  when  first  planted,  and  in 
good  proportion,  becomes  so  small  and  ridieoloas  in  process  of 
time,  that  there  is  a  necessity  either  to  alter  it  or  destroy  it 
entirely,  and  so  plant  it  anew.    Laadseape  gardeaiof  depends 


much  on  the  form  of  the  ground,  and  therefore  to  shape  that  Is 
the  first  object.  Too  much  plane  is  to  be  guarded  againjit ; 
and  when  it  abounds,  the  eye  should  be  relieved  by  clumps,  or 
some  other  agreeable  object.  Hollows  are  not  easily  filled; 
and  eminences  mostly  are  advantageous  in  the  formation  of 
picturesque  scenes,  in  which  the  general  principle  of  ornamen- 
tal gardening  consists. 

To  plant  picturesquely,  a  knowledge  of  the  characteristic 
dlfl^erences  of  trees  and  shrubs  is  evidently  a  principal  qualifi- 
cation. To  range  the  shrubs  and  small  trees,  so  that  they 
mutually  set  off*  the  beauties,  and  conceal  the  blemishes,  of 
each  other :  to  aim  at  no  effects  which  depend  on  a  nicety  for 
their  success,  and  which  the  soil,  the  exposure,  or  the  season 
of  the  year,  may  destroy ;  to  attend  more  to  the  groups  than  to 
the  individuals ;  and  to  consider  the  whole  as  a  plantation,  not 
as  a  collection  of  plants ;  are  the  best  general  rules  which 
can  be  given  concerning  them. 

The  Cultivmtitm  €f  m  f^cnim.— The  flrst  object  with  a  view  to 
produce  should  be,  to  keep  the  ground  in  such  a  state  as  will 
enable  it  to  produce  good  crops.  Good  vegetables  cannot  be 
had  without  good  manure.  Yet  raw  unwrooght  dung  is  not 
good  for  a  garden.  The  most  economical  plan,  therefore,  that 
can  be  pursued,  is  for  the  first  year  to  make  good  hotbeds  of 
your  dung,  and  spread  it  out  upon  the  quarters,  and  dig  it  in 
autumn  and  winter.  You  by  this  means  have  a  doable  pro- 
duce, and  the  dung  is  the  better. 

Dung,  however,  used  in  great  quantities,  and  lying  In 
lumps,  breeds  worms,  grubs,  and  other  insects,  and  causes 
plants  to  grow  too  rampant  and  rank-flavoured.  Carrots  It 
cankers,  and  it  disagrees  with  many  things.  On  these 
accounts  some  persons  have  been  induced  to  dress  their  gar- 
dens only  with  rich  fresh  earth.  If  the  ground  is  in  proper 
heart,  every  spot  may  be  contrived  to  be  constantly  and 
successfully  cropped,  as  each  sort  of  plant  draws  a  somewhat 
difl'erent  nourishment ;  so  that  after  a  full  crop  of  one  plant, 
one  of  another  kind  may  often  be  immediately  sown  ;  but  it 
should  be  contrived  that  a  wide  crop  may  follow  a  close  one, 
and  contrariwise.  Close  crops,  as  onions,  leeks,  carrots,  &c. 
are  conveniently  and  neatly  cultivated  in  beds  of  from  four  to 
five  feet  width,  with  alleys  of  from  a  foot  to  eighteen  inches 
between  them. 

The  seasons  proper  for  fumisbing  the  ground  with  evenr 
particular  vegetable,  should  be  well  attended  to,  that  each 
may  be  obtained  as  early  as  its  nature  will  permit ;  and  of  the 
seeds  and  plants  we  use,  care  must  be  taken  to  procure  the 
best  of  the  kind,  lest  after  all  the  trouble  of  cultivation,  dis- 
appointment, as  to  quality,  should  ensue.  Seeds  and  plants 
should  be  adapted  as  much  as  possible  to  the  soil  and  situation 
which  best  suits  them.  The  thinning  of  seedling  crops  should 
be  done  in  time,  before  the  young  plants  have  arawn  one 
another  up  too  much.  All  plants  grow  stronger  and  ripen  better, 
when  the  air  circulates  freely  round  them,  and  the  sun  is  not 
prevented  from  an  immediate  influence. 

In  the  pricking  and  planting  of  crops,  be  sure  to  do  it  as 
early  as  may  be;  let  every  thing  be  regular.  Shading  of  new 
planted  thinprs,  particolariy  flowers,  is  of  much  beneflt,  and  that 
m  proportion  as  the  season  is  sunny. 

Strawberries  and  cauliflowers  are  generally  watered  in  a 
dry  season ;  that  is,  the  strawberries  when  in  bloom,  in  order 
to  set  the  fruit,  and  the  cauliflowers  when  they  shew  fruit,  in 
order  to  swell  the  head.  In  very  dry  weather,  asparagus  seed- 
linipi,  early  turnips,  carrots,  radishes,  and  small  salads,  will 
need  watering.  Slips,  cuttings,  and  layers  of  any  kind,  will 
need  water.    Pots  of  flowers  must  have  it  frequently. 

When  waterinir  is  undertaken,  let  it  be  a  complete  business, 
I.  e.  to  the  bottom  and  extent  of  the  roots,  as  much  as  may  be. 
Wetting  the  surface  of  the  ipound,  however,  in  a  summer's 
evening,  makes  a  cool  atmosphere:  a  dew  Is  formed,  which 
pervades  the  leaves,  and  helps  to  fill  their  exhausted  vessels. 

Waterinic  the  rooU  of  wall  trees,  (if  dry  weather,)  when  the 
fruit  is  settinfc,  is  by  some  thought  necessary.  To  young  trees 
only  it  can,  however,  be  of  use,  for  the  roots  of  old  ones  run 
far  and  wide;  and  it  is  the  small  fibres  of  these  distant  roots 
on  which  the  tree  chiefly  depends  for  food.  Vines  should 
hsTO  no  water  till  they  are  ofl'1>lossom,  (July)  and  the  friiit  as 
hif  as  large  plos'  heads;  and  then,  if  the  season  is  Tery  hot 
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and  dry,  wateriD;^  the  roots  twice  a  week  will  help  the  fruit  to 
swell.  As  waterlog  is  apt  to  make  the  ground  hideboand  and 
unsightly,  let  the  surface  be  occasionally  stirred  and  raked, 
which  will  make  future  waterings  enter  the  ground  the  better. 
Many  things  are  impatient  of  being  kept  wet  about  the  shanks/ 
and  therefore  watering  should  be  generally  at  a  little  distance. 
Rain  water  is  the  best  for  watering,  as  appears  by  the  verdure 
and  vivacity  it  gives.  Pond  water  is  next  in  fitness,  and  river 
water  follows.  Well  water  is  of  least  account,  though  local 
circumstances  occasion  its  use  the  most  Pump  water,  if  used 
directly,  is  so  cold  in  summer,  that  it  is  found  prejudicial  to 
plants;  and  great  cold  so  contracts  their  vessels,  that  they 
perform  their  proper  offices  with  difficulty,  and  become 
diseased. 

The  management  of  a  garden,  as  somewhat  distinct  from  the 
cultivation  of  it,  is  an  object  of  consequence;  that  is,  to  keep  it 
in  such  order,  that  it  may  not  fail  in  those  general  impressions 
of  pleasure  it  is  capable  of  affording,  when  things  are  shewn  in 
tbeir  best  manner.  A  garden  may  be  cultivated  so  as  to  be 
profitable,  and  yet  not  conducted  so  as  to  be  agreeable  to  walk 
m,  which,  in  a  private  garden,  is  a  circumstance  surely  to  be 
lamented.  The  proper  appearance  of  a  well-managed  one  is 
expressed  by  the  word  neat.  Let  all  be  done  that  can  be  in 
order  to  it.  To  be  neat,  weeding  must  be  industriously  fol- 
lowed up,  and  all  litter  that  is  made  in  working,  quickly  carried 
off.  The  ground  also  should  be  frequently  stirred  and  raked 
between  crops,  and  about  the  borders,  to  give  all  a  fresh  ap- 
pearance. There  is  a  pleasantness  to  the  eye  in  new  broken 
earth ;  and  when  there  are  no  flowers  left  in  the  borders,  this 
gives  an  air  of  culture,  and  is  always  agreeable.  An  asparagus 
fork  is  expeditious  and  useful  in  this  case ;  but  it  must  be 
slightly  used,  lest  it  disturb  the  roots  of  plants  too  much. 
Vegetables  should  not  be  suffered  to  rock  themselves  by  wind, 
to  as  to  form  holes  round  their  stems,  but  be  well  earthed  up, 
or  otherwise  supported. 

Trees  and  shrubs  should  be  constantly  freed  from  suckers 
and  dangling  shoots,  and  wall-trees  ought  to  be  regularly  kept 
m  order.  Grass  plats  and  walks  should  have  their  edges  occa- 
sionally out,  and  be  mowed  as  often  as  there  is  the  least  hold 
for  the  scythe,  for  they  lose  much  of  their  beauty  when  the 
grass  gets  long;  leaves  should  not  be  suffered  to  remain  on 
them,  as  it  stains  the  grass,  and  worm-casts  should  be  cleared 
away.  Edgings  of  all  sorts  should  be  kept  in  good  order,  as 
having  a  singularly  neat  effect  in  the  appearance  of  a  garden. 

Some  fruits  may  need  support  by  tying  their  weak  branches 
when  they  get  heavy,  to  stakes,  &c.  Rows  of  i^iipberries  and 
beans  are  kept  neatly  up  in  their  lines,  by  putting  in  here  and 
there  a  stake,  and  using  packthread  lengthwise ;  and  thus  will 
they  bear  better,  and  be  more  conveniently  gathered.  Straw, 
berries  of  fine  heavy  sorts,  will  be  preserved  from  getting  dirty 
and  rotten  by  tjing  their  stems  to  little  sticks;  by  this  prac- 
tice, the  fruit  also  gets  better  ripened,  and  of  a  finer  flavour. 
Some  persons  lay  tiles  or  moss  round  the  plants  when  the  fruit 
is  half-grown ;  but  this  is  not,  generally,  so  well,  only  it  has 
the  advantage  in  keeping'the  ground  cooler  in  a  hot  season. 
The  first  and  finest  scarlets  best  deserve  this  trouble. 

Flowers  should  be  frequently  tied  up,  and  dead  and  dangling 
parts  uimmed  off.  Some  of  them  cannot  do  without  support, 
and  many  sorts  are  made  more  secure  and  beautiful  by  proper 
ties.  The  sticks  used  for  flowers  should  be  of  smooth  wood. 
M  neat  painted  slips  of  deal,  with  or  without  an  ornamental 
head ;  white  is  the  best  colour,  on  account  of  its  contrast  with 
the  leaves.  Decaying  flowers  should  be  timely  trimmed  or 
removed,  and  perennials  should  be  regularly  freed  from  the 
parts  running  to  seed,  (except  so  much  as  may  be  wanted,)  as 
the  production  of  seeds  weakens  the  roots  much. 

0/  Propagations. — Plants  are  propagated  by  seeds,  suckers, 
slips,  off-sets,  divisions,  cuttings,  layers,  and  grafts.  By  seed, 
is  the  most  general  method  of  propagation,  and  plants  raised 
any  other  way  are  seldom  so  fine.  Those  plants  from  seed 
which  have  never  been  removed,  are  commonly  handsomer,  and 
some  forwarder,  than  those  that  have  been  transplanted,  pro- 
vided they  are  sown  in  a  proper  soil  and  situation.  Com- 
monly speaking,  new  seed  is  to  be  preferred  to  old,  as  growing 
the  more  luxuriantly,  and  coming  up  the  surer  and  quicker. 
If  old  seed  is  knowingly  sown,  tome  allowance,  io  point  of 


time,  most  be  made.  Pease  and  bettnt  of  two  yean  oM  «c,  by 
some,  preferred  to  new,  as  not  nmtAot;  to  mach  to  straw.  As 
to  the  age  of  seeds  at  which  they  may  be  town  and  geiuiBale,il 
is  uncertain,  and  depends  very  much  how  thej  sro  pttetcwei. 

Seeds  should  be  saved  from  fine  forwarci  plaatt,  wtcnti 
from  rocking  about  when  they  get  tall ;  f^nard  ttieai  againt 
birds,  gather  them  refpilarly  as  they  ripen,  lett  tbey  are  sM 
and  lost,  and  keep  them  dry.  Curioes  Aower  teedt  are  kept 
well  in  phials  ;  others  may  be  pot  into  small  dmwert,  and  toai 
hung  up,  or  laid  on  shelves,  in  tbeir  pods.  Seeds  tnf  be 
forwarded  for  sowing  by  various  ways  of  promoting  n  gffiti 
tion  before  they  are  pot  into  the  c^roand.  Broad  nod  Utef 
beans  may  be  put  into  soft  water  about  24  hoort,  to  hnnti 
their  growth,  and  to  ascertain  their  vitality.  The  snaOer  teeii, 
as  carrots,  &o.  may  be  prepared  for  sovringy  by  siaiply  aixii^ 
them  in  a  little  moist  sand,  or  fine  earth,  takinr  care  Ibat  ftqr 
do  not  lie  longer  than  Uie  usual  time  of  thnr  begioBiag  li 
sprout.  The  season  for  committing  seeds  to  the  groaad  mmi 
bo  as  early  as  the  nature  of  the  plant  to  be  oaltivated  wfli  Itir. 
Let  this  direction  for  early  sowing  be  understood,  not  only  tf 
spring,  but  autumn  crops ;  that  the  plants  designtMl  for  wiilw 
use,  or  to  stand  for  spring,  may  be  strong,  and  well  estabfiihii 
in  the  ground,  though  for  those  designed  for  spring,  it  li 
advisable  to  have  two  or  three  different  sowings. 

To  be  sure  of  a  crop,  and  in  some  things  a  sacoetsioa  if 
crops,  various  sowings  should  be  made  throogh  the  year  at  di 
times,  that  are  not  too  unnatural  as  to  season ;  for  it  it  Si 
object  in  gardening,  not  only  to  have  early  and  late  pfodn 
tions,  but  never  to  be  without  what  may  be  prodnoed.  8s** 
ings  should  be  generally  performed  on  fresh  dag  or  sUmi 
ground.  The  digging  should,  therefore,  be  doooasneartfbi 
time  designed  to  sow  as  can  be.  If  the  ground  turns  ap  imr 
or  wet,  as  early  in  the  spring  it  is  apt  to  do,  a  little  time  ■■! 
be  allowed  it  to  dry,  and  so  also  if  rain  falls  first  laliii 
case,  seed  should  be  sown  as  soon  as  ever  the  ground  maj  be 
trampled  on  without  hanging  to  the  feet.  The  proper  dtpA 
at  which  seeds  should  be  sown,  is  to  be  carefully  observed;  if 
too  deep,  they  will  cither  rot  or  not  thrive  well ;  and  if  lot 
shallow,  they  are  liable  to  be  injuriously  affected  by  fitrf; 
wind,  drought,  or  birds  ;  but  of  the  two,  rather  too  shallov  te 
too'  deep  is  the  best.  The  smaller  the  seed  the  finer  should  ill 
soil  be,  and  the  less  also  the  covering ;  so  that  while  soaM^  m 
the  seed  of  celery,  is  to  be  but  barely  covered  ;  others,  at, 
and  beans,  may  have  a  depth  of  two.  three,  or  four  inclies. 
some  regard  is  to  be  had  to  the  season  and  soil ;  in  a  i 
season,  and  light  soil,  sow  deeper,  and  the  contrary  in  ahallMVur. 

The  quantity  of  seed  sown  is  a  thing  to  be  attended  to  wiA 
some  exactness.  Small  seeds  go  a  great  way,  and  reqaires 
careful  hand  to  distribute  them ;  for  though  sowing  a  little  tit 
much  is  a  trifle  as  to  the  value  of  seeds,  yet  to  have  theai 
up  crowded  thick  is  an  evil. 

It  is  not  generally  advisable  to  sow  several  sorts  of  teed 
the  same  spot,  as  some  persons  are  accustomed  to  do. 
little  things  of  this  sort  indeed  may  be  done,  as  a  piece  if 
ground  newly  planted  with  horse-radish,  may  be  top-croppei 
with  radishes  or  spinach,  &c.  A  thin  crop  of  onions  upon  oca 
asparagus  beds,  may  also  take  place,  drawing  them  wMli 
young  from  about  the  plants.  All  seeds  come  up  best  wka 
moderately  pressed  with  the  earth ;  for  if  they  lie  too  lightly  is 
contact  with  it,  cold  and  drought  more  easily  affect  them ;  sal 
when  once  seeds  begin  to  germinate,  they  are  impatient  if 
both.  To  trample  seeds  is,  on  the  whole,  better  than  any  otkr 
pressure.  This  done,  lay  all  immediately  and  neatly  level  witk 
a  wide  rake,  drawing  off  stones,  &c.  but  do  it  lightly,  to  aveii 
driving  in  the  teeth  of  the  rake,  which  would  remove  the  seed, 
and  make  it  come  up  irregularly.. 

Propagation  by  suckers,  is  a  mode  of  culture  peculiar  tt 
trees  and  shrubs.  The  things  to  be  observed  in  this  businesi 
are,  to  take  them  up  with  some  care  from  the  mother  plant,  it 
as  not  to  injure  its  root,  nor  the  sucker's  own  root,  by  pnlliag 
it  up  without  properly  loosening  it  first.  The  earth  sboaM 
be  moved  aside  with  a  trowel,  and  then  the  sucker  cut  off  with 
a  knife.  Wherever  a  root  appears  barked,  the  part  belov 
should  be  cut  off.  If  It  is  desired  to  succeed  well,  in  propa- 
gating by  suckers,  consider  that  all  young  roots  are  tender; 
let  them  be  trimmed  to  form,  and  planted  immediately.    Sock- 
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crt  with  p<N>r  roots  mast  have  their  beads  redoeed  the  more. 
PropaKStioD  by  slips,  is  of  two  sorts,  either  from  the  root  or 
steal :  and  several  sorts  of  flowers  and  herbs  are  increased  this 
way.  When  from  the  roots,  if  the  whole  is  not  taken  up,  move 
the  earth  carcfiillj  aside,  and  slip  off  by  a  pressure  of  the 
ibamb  and  fing:er,  and  be  cautions  of  hurting  the  fibres  of  the 
•lips,  plantinic  with  ^ood  mould  about  them.  Take  off  slips 
from  the  stem  carefully  by  the  push  of  the  thumb,  and  not  too 
naoy  from  the  same  plant,  as  it  is  apt  to  injure  the  place  by 
tearioic  off  some  of  the  wood. 

Offset,  is  a  term  sometimes  applied  to  slips  from  fibrous  roots ; 
bat  more  properly  so  from  bulbous  roots,  which  put  forth  many 
offsets.  These  are  slipped  away  at  the  time  they  are  taken  up 
for  reoiOTal  or  replanting,  and  eommonly  take  two  or  three 
years  before  they  bear  flowers ;  dispose  of  them,  therefore,  in 
a  narsery,  where  they  may  remain  undisturbed  till  they  come 
to  a  flowering  state.  Division  of  the  roots,  is  a  way  of  propa- 
nllog  many  sorts  of  plants.  To  this  end.  of  course  they  must 
Ko  taken  up,  and  then  cither  carefully  pulled,  or  cut  asunder 
wkh  a  sharp  instrument,  as  the  ease  may  require.  It  is  not 
Mfe,  however,  to  divide  such  roots  into  very  small  pieces.  The 

teoeral  season  for  thus  splitting  fibrous-rooted  plants  is  Octo- 
er,  but  it  may  be  done  early  in  the  spring,  as  February. 
Cuttings,  of  a  variety  of  woody  plants,  will  grow,  and  many 
trees  and  shrubs  are  propagated  this  way ;  but  their  sap  must 
baof  a  watery  nature,  as  those  plants  that  are  gummy  will  not 
aCfike,  (or  rarely,)  though  ever  so  much  care  is  bestowed  or 
tioie  allowed  them.  The  texture  of  the  wood  cuttings  must  be 
•oaewhat  soft,  as  hard-wooded  ones  will  not  grow.  The  sca- 
•OD  for  setting  slips  and  cuttings  is  for  some  plants  summer,  as 
wall-flowers  and  myrtles;  and  for  most,  from  October  to 
March ;  but  in  general,  the  sooner  the  better.  It  has.  how- 
over,  been  said,  that  spring  is  the  best  time  for  all,  and  that 
the  sap  should  be  in  motion  first.  Cuttings  should  be  wrll- 
ripened  wood,  and  have  the  earth  pressed  to  thrm  the  whole 
M^h  they  are  in  the  ground,  i.e.  from  four  to  six  inrhes. 
Cot  them  with  a  sharp  knife  slopewise,  and  plant  in  a  good 
•oil,  so  situated  as  to  have  only  the  morning  sun,  and  keep  them 
oold  (not  wet)  by  occasional  watering  in  dry  weather. 

La)ing  of  branches,  is  a  moile  of  propagation  that  may  be 
adopted  for  almost  all  forest  trees,  and  several  sorts  of  fruit 
treea  and  shrubs,  i.e.  all  that  will  grow  from  cuttings,  and 
■Moy  that  will  not.  Layers  are  mad«*  of  the  lower  branches  of 
the  plant,  which  must  be  young  and  pliable,  to  bend  down 
without  breaking,  to  the  depth  of  four,  live,  or  six  inches,  in 
the  ground,  as  the  soil  is  light  or  heavy,  at  which  they  must  be 
kold  securely  by  g(»od  pegs.  Lict  the  ground  about  layers  be 
kept  cool  by  occasional  waterings,  and  laying  some  moss,  turf, 
Ktter,  or  rather  small  pebbles,  about  them,  which  will  not  har- 
iKMir  insects.  The  part  out  of  the  ground  may  be  supported 
erectly  by  a  tie  to  a  stick.  It  is  a  g(K>d  way  to  slit  with  a  sharp 
kaife  the  part  at  the  peg,  as  in  carnation  layers,  a  little  more 
tkao  an  inch;  and  some  prick  a  few  holes  about  the  part,  at  a 
joiot,  with  a  blunt  awl.  to  help  the  layer  to  strike  root.  Gene- 
rally, layers  should  be  shortened  to  six  or  eight  inches  above 
tke  ground,  or  do  it  to  two  eyes,  be  it  more  or  less  alnive 

Eoiind.  Where  there  arc  no  branches  low  enough  to  be  brought 
to  the  ground,  and  it  is  not  thought  good  to  head  down  for 
the  production  of  low  shoots  or  suckers,  plants  may  be  layered 
by  fixing  a  broken  pot  or  a  box,  with  a  slit  in  the  side,  to  the 
height  necessary  to  lay  in  a  branch.  A  branch  also,  if  long 
OBOugh,  may  be  thrust  through  a  hole  of  a  garden  pot  upwards, 
ibeo  filled  with  earth,  and  stipported  by  some  contrivance,  and 
•haded  by  some  means,  and  in  both  cases  water  frequently  the 
hads  drawn  through  the  hole  of  the  pot.  By  this  contrivance, 
routed  plants  being  procured  in  pots,  may  be  turned  out  with 
the  earth  about  their  roots  undisturbed.  A  branch  of  a  vine 
thoa  layered  in  November,  may  be  next  year  cut  off,  when  the 
fruit  is  ripe,  brought  in  a  pot  to  table,  and  afterwards  planted 
oat.  For  propacation  of  fruit  trees  by  grafting,  see  that  article. 
— Wmtkim*s  ( 'peloptftiia. 

GARLAND,  a  sort  of  net,  whose  opening  is  extended  by  a 
wooden  hoop,  of  sufficient  sixe  to  admit  a  bowl  or  platter  w  ithin 
it ;  it  is  accordingly  used  by  sailors  as  a  locker  or  cupboard, 
to  eoataio  their  provisions,  being  hung  up  to  the  beams  within 
the  bifth,  where  they  commonly  mess  between  derks. 


SMoi  Garlawd,  a  pleee  of  timber  nailed  horisontally  along 
the  ship's  side  from  one  gun-port  to  another,  and  fitted  with 
several  hemispherical  cavities,  to  contain  the  round-shot  ready 
for  chargini;  the  great  guns  in  battle. 

GARLIC,  the  root  of  the  Allium.  This  root  has  been  sub* 
jected  to  chemical  analysis ;  and  is  found  to  consist  of  albumen, 
mucilai;e.  fibrous  matter,  and  water. 

(«  \RNKT,  a  sort  of  tackle  fixed  to  the  main-stay  of  a  mer- 
chant ship,  and  used  to  hoist  the  cargo  in  and  out  at  the  time 
of  lading  and  delivering  her. 

Gahnkt,  in  Mineralogy,  is  aspeeiesof  thefiint  genus,  of  which 
there  are  two  sub-species,  wiz.  the  precious,  and  common.  The 
precious,  or  oriental,  is  red,  but  of  various  shades.  It  oecora 
most  commonly  crystallized,  either  as  a  dodeeadron,  or  as  • 
double  eight-sided  pyramid.  Garnets  are  found  in  almost 
every  country  where  primitive  rocks  exist  Switieriand  and 
Bohemia  are  the  two  countries  in  Europe  which  furnish  then 
in  the  greatest  abundance.  The  impure  garnets  are  used  to 
advantage  as  a  flux  when  they  are  found  near  the  iron-mines, 
as  they  not  only  facilitate  the  fusion  of  that  metal,  but  add 
something  ft>  the  mass  by  contributing  a  portion  of  iron. 

GARNISH,  in  Law  books,  signifies  to  warn. 

GARNISHEE,  used  for  the  third  person  or  part?  in  whose 
hands  money  is  attached  within  the  liberties  of  the  city  of  Lon- 
don, so  called  because  he  has  had  garnishment  or  warning  not 
to  pay  the  money,  bot  to  appear  and  answer  to  the  plaintifl^s 
creditor's  suit. 

GARNISHMENT,  is  a  warning  given  to  a  person  for  hii 
appearance,  for  the  better  furnishing  of  the  cause  and  court 

GARRISON,  in  the  art  of  war,  a  body  offerees  disposed  in 
a  fortress,  to  defend  it  against  the  enemy,  or  to  keep  the 
inhabitants  in  subjection ;  in  the  latter  case,  the  garrison  should 
always  be  stronger  than  the  townsmen.  Garrison,  or  winter 
quarters,  signify  a  place  where  a  number  of  forces  are  laid  op 
in  the  winter  season,  without  keeping  the  regular  guard. 

Gakkikok  Guns,  such  as  are  mounted  and  used  in  a  garrison, 
conni^ting  of  the  follovkinir  weights,  viz.  the  4*2,  34,  24,  18,  \% 
9,  and  ({  pounders,  being  made  either  of  brass  or  iron. 

GARTER,  Order  of  thk,  a  military  order  of  knighthood, 
instituted  by  King  Edward  III.  It  consists  of  26  knights  com* 
panions,  generally  princes  and  peers,  whereof  the  king  of 
England  is  the  sovereign  or  chief.  The  college  of  the  order  is 
in  the  easile  of  Windsor,  with  the  chapel  of  St.  George,  and  the 
Chapter-house,  erected  by  the  founder  for  that  purpose.  The 
habit  and  ensign  of  the  order  are  a  garter,  mantle,  cap.  george, 
and  collar.  The  garter,  mantle,  and  cap.  were  assigned  tho 
knights  companions  by  the  founder,  and  the  george  and  collar 
by  Henry  VIII.  The  garter  is  worn  on  the  left  leg  between 
the  knee  and  calf,  and  is  enamelled  with  this  motto.  Aont  toit 
qui  mal  y  ptnse,  i.e.  **  shame  to  him  that  evil  thinks  hereof." 

G  AS.in  t*henii4try,  a  word  that  signifies  a  permanent  elastic 
aeriform  fluid.  Onses  are  transparent,  elastic,  weighty,  and  in 
most  eases  invisible  ;  they  cannot  be  condensed  into  a  solid 
state  l»y  any  drgree  of  cold  hitherto  known. 

The  air  or  atmosphere  e«msist«  of  a  mixture  of  several  gases, 
which  may  he  obtained  separately.  The  gases  which  we  shall 
dciieribe  are, — 


1.  Atmospheric  Air. 
•i.  Oxygen  Gas. 
.3.   Nilri>gen  (J as. 

4.  II}drogen  Gas. 

5.  Carbonic  Aeid  Gas. 

0.  Light  Carbonated  llydro- 
Kcn  Gas. 

7.  Heavy  Carbonated  Hydro- 
gen Gas. 

H.  Gas<'ous  Uxide  of  Carbon. 


0.  Sulphuretted  HydrogenGas. 

10.  Phosphuretted    Hydrogen 
Gas. 

11.  Nitrous  Gas. 

12.  Nitrous  Oxide  Gas. 

13.  Ammoniacal  Gas. 

14.  Sulphurous  Aeid  Gas. 
16.  Hydrochloric  Gas. 

16.  Chlorine  Gas. 

17.  Fluoric  Aeid  Gas. 


Aimotpkerie  Air. — ^The  mechanical  properties  of  atmospheric 
air,  such  as  its  weight,  elasticity,  &e.  are  considered  under 
the  articles  Aia  Pi'mp  and  Psei'matics.  Chemistry  examines 
all  its  other  properties.  The  air  of  our  atmosphere  ronsi^^ts 
of  two  elastje,  aeriform  bodies,  called  oxygen  and  nitro^rn 
gases,  possessing  difl^erent  properties ;  oxygen  gas  is  eap»l>!e 
of  supporting  combustion  and  animat  life;  nitrogen  cas  is 
destructive  to  animals,  and  extinguishes  fire.  The  atmoypbere 
contains  carbooie  acid  ;  for  alkalies  become  effervescent  when 
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expoted  to  it,  wd  lim«-water  ■squires  a  pellicle,  or  thin  skin 
on  ita  sarfice,  on  being  expoted  a  safficieut  lime  to  the  action 
of  the  air,  even  upon  Ibe  higheit  mouotaias.  Water  alioinllie 
■tale of  vapoDr  is  alwajs  found  in  the  atrnoiphere. 

Oxygen  Gat,  is  an  elastic  invisihle  fluid,  havin);  neither  tasle 
nor  smell,  dot  shewing  an;  signs  of  acidity ;  it  is  740  times 
lighter  than  the  same  ballc  of  water.  Its  weii^ht  is  to  that  of 
atmospheric  air  as  1103  to  1000.  It  is  absorbed  only  by  com- 
bnstible  bodies.  It  is  uecessarj  for  respiration,  and  produces 
animal  heat.  It  is  considered  the  cause  of  acidity,  and  from 
this  property  is  named  oxygen,  derived  from  two  Greek  words, 
■denoting  the  cause  of  the  acidity ;  these  are  sfuc,  acid,  and 
yiH^uu,  to  produet  m  generate.  Oxygen  gas  is  procured  in 
great  purity  from  pure  osygeoatcd  muriate  of  potash.  We 
have  before  described  the  method  of  obtaining  this  and  other 
glise*.  It  may  lilcewise  be  obtained  from  the  green  leaves  of 
plants,  but  not  in  sufficient  quantity  for  chemical  experiments. 
Nitrogen  or  Azotic  Go*,  will  not  support  life  by  respiration, 
bat  quickly  kills  animals  that  breathe  it;  plants,  however, 
thrive,  and  even  ftonrisb  in  it  It  has  no  taste.  II  neither 
reddent  blue  vegetable  colours,  nor  precipitates  lime-water. 
No  combustible  subilance  burns  in  nitrogen  gas.  It  caeoot 
be  absorbed  by  water.  It  unites  to  hydrogen,  under  certain 
circom  Stan  CCS,  and  with  it  constitutes  ammonia.  When  united 
to  oxygen  in  dilTerent  proportions,  it  forms  atmospheric  air, 
gaseona  oxide  of  azote  or  nilrogeo,  nitrous  gas,  nitrous  acid, 
and  nitric  acid.  It  is  a  component  part  of  all  animal  sub- 
stances :  from  which  it  may  be  obtained. 

Hydrogen  Gat,  or  inHammable  air,  is  found  in  a  natnral  state 
in  muddy  waters  and  in  marges,  in  mines,  in  coalpits,  and  in 
the  bowels  of  animals.  In  these  stales,  however,  it  is  generally 
combined  with  carbon, sulphur,  and  phosphorus,  llis  exhaled 
from  all  places  wbere  there  are  animal  or  vegetable  matters  it 
a  stale  of  putrefaction.  Hydrogen  gas  is  obtained  in  a  stat< 
of  purity  by  decomposing  water,  because  its  base  is  one  of  thi 
constituent  parts  of  that  Said.  This  gas.  therefore,  has  been 
called  hydrogen,  from  two  Greek  words  viof  water,  and  yivo/ii 
fo  generate,  tiiat  is,  the  generator  of  water. 

Gtrionie  And  Gai,  (the  first  elastic  aeriform  fluid,  dilTeTcnt 
from  oommon  nir,  that  was  known,}  cannot  support  flame,  nor 
animal  life;  its  taste  is  arid,  and  its  specific  weight  is  to  that 
of  atmospheric  air,  as  1500  is  to  1000.  It  may  be  poured  from 
one  vessel  into  another.  This  may  be  shewn  by  placing  a 
lighted  taper  at  the  bottom  of  a  vessel,  and  pouring  carbonic 
acid  easover  it  from  another  vessel.  The  light  will  be  imme- 
diately extinguished.  Hence  we  Infer,  that  the  gravity  of  the 
gas  has  enabled  it  to  descend,  and  to  displace  the  common  air 
at  the  bottom ;  which  being  lighter,  is  of  course  obliged  to 
Bseend.  Carbonic  acid  gas  is  diffused  in  the  greatest  abundance 
Ihroughoul  nature. 

Marble,  limestone,  and  chalk,  consist  of  this  acid  and  lime. 
Carbonated  water,  or,  as  it  has  been  called,  soda  water,  is 
merely  water  impreguated  by  carbonic  acid.  This  ogreeable 
draught  is  made  in  a  series  of  vessels  containing  water  and 
common  chalk.  Sulphuric  acid  is  poured  in,  which  unites  with 
the  lime,  and  at  the  same  time  the  carbonic  acid  is  expelled. 
This  acid  is  absorbed  by  the  water  which  is  ready  to  receive 
It.  The  sparkling  of  carbonated  waters  is  owing  to  the  rapid 
escape  of  the  gas.  What  is  called  loda  vater,  or,  more  pro- 
perly speaking,  carbonated  water,  is  made  in 
an  apparatus,  of  which  the  annexed  is  a 
figure.  C  is  a  Bat  vessel,  having  acock  D, 
thioagh  which  chalk  and  sulphuric  acid  are 
■applied  for  forming  the  gas.  which  passoa 
through  the  tube  H,  by  a  valve  into  the  ve»> 
■el  B,  containing  the  water  to  be  saturated, 
and  which  may  he  drawn  off  by  the  cock  E. 
Into  this  vessel  is  inserted  a  tabe  proceedioK 
from  anolber  vessel  A,  also  charged  with 
water,  and  having  an  opening  F,  in  which  is 
placed  a  stopper,  aod  through  which  fresh 
water  is  oocasionally  poured.  The  water  In 
the  upper  vessel,  and  tbe  weight  of  the  stop- 
per, press  and  agitate  that  in  the  vessel  B.  by 
whioh  It  Is  more  speedily  Impregnated.  The 
wkole  I*  made  of  glais,  and  is  termed  Nooth't  appnnti 


For  the  general  purposei  of  impregnating  wat»witb  gaset, 
a  set  of  glass  vessels  (called  Woulfe'a  appamtns}  ia  nsed. 
Aoneied  is  an  engraving  of  this  apparatus.  A  U  >  retort  hav- 
ing a  tobulure,  through  which  the  materials  for  proeuring  any 
gib  are  passed.     B  is  a  globe  f ' —    — • "-••  " 


inserted  a  lube  C,  bent  at  right  angles,  and  commnnioatiiig  wift 
the  second  receiver  D.  From  this  one,  another  tube  proeeeds 
in  tbe  same  way  to  the  third  receiver,  and  from  the  tUid 
another  passes  to  the  fourth.  ,  E  is  the  last  tube,  which  passa 
through  water  into  aoy  vessel,  Epr  the  reception  of  the  motf 
volatile  product,  or  that  which  will  not  combine  with  tbe  wal<f 
or  other  lluid  contained  in  tbe  three-necked  bottles.  It  win  ha 
seen  Ibat  a  perpendicular  tube  enters  the  middle  neck  of  eacb 
receiver.  These  are  lafetg  tvbti  to  prevent  the  appanlas  fnm 
bursting,  as  the  gas  might  be  evolved  too  quickly  froea  tbe 
retort  to  be  absorbed  by  the  water.  Sometimes  these  tobet 
are  beat  at  right  angles,  and  have  a  drop  of  merenry  in  then, 
which  moving  op  and  down,  according  as  the  gas  is  abnndaatly 
generated,  acts  as  a  valve,  permittiog  the  superabnndant  gw 
to  escape.  By  means  of  this  apparatus,  water  may  be  impreg- 
nated by  mnriatic  acid  aod  nitrous  gases,  so  as  to  focM 
muriatic  and  nitrio  acids.  To  sbew  that  carbonic  acid  ^ii 
fatal  (o  animal  life,  put  a  mouse,  or  otber  small  arumal,  lalo  a 
vessel  filled  wiih  it,  and  cover  the  vessel  to  prevent  tbe  adad>- 
sion  of  atmospheric  air.  The  animal  will  die  in  a  miaate  or 
two.  It  is  Ibis  gas  which  has  produced  so  many  fatal  accidealf 
at  tlie  opening  of  cellars  or  vaults,  in  which  wine,  cider,  or  hear, 
has  been  fermenting. 

Light  Carbonated  Hydrogen  Gai,  is  hydrogen  gas  boldilg 
charcoal  in  solution.  There  are  several  kindii  of  it  obtained  by 
diiTcrent  processes,  which  differ  in  their  properties,  and  InW 
proportions  of  their  constilaent  principles.  This  gas  b 
obtained  from  animal,  vegetable,  and  mineral  sabstaaeM 
Natorc  produces  it  in  marshes  and  ditches,  on  the  ■t;Tfaca«f 
putrid  water,  in  coal  mines,  burying  places,  common  sewen, 
aod  in  those  situations  where  putrid  animal  and  vegetaUs 
matters  are  accumulated.  It  is  also  generated  in  the  inlestlail 
canal  of  living  animals,  and  may  be  plentifully  obtained  fram 
most  stagnant  waters.  It  may  also  be  obtained  doting  llw 
dislillation  of  animal  and  vegetable  matters.  This  gas  la 
known  in  coal  mines  by  the  name  of  fire-damp.  Its  destmctii* 
effects  bad  probably  been  felt  in  all  collieries  until  this  momeati 
but  for  tbatuseful  invention  of  the  immortal  Davy— the  safe^ 
lamp;  or,  as  the  miners  in  gratitude  term  it,  "the  Davy. 
This  lamp  is  on  the  principle  of  the  impossibility  of  tbe  paisigt 
of  inflamed  gas  through  apertures  of  small  diameters.  Aeowd- 
ingly,  wire-gauze  is  nsnd  for  this  purpose.     See  Lamp. 

Heavy  Carbonated  Hydrogen  Gat,  was  first  noticed  by  MSe 
Dutch  chemists,  who  observed  in  it  a  particular  property,  tM 
when  it  was  combined  with  oxygenated  muriatic  acid  gat,  Ihi 
aeriform  state  of  both  fluids  was  destroyed,  and  oil  wat  pta- 
dnced ;  for  which  reason  they_  call  it  olefiant  gas.  This  gas  It 
obtained  in  decomposing  spirits  of  wino  by  sulphario  add  li  s 
great  heat.  It  is  also  obtained  abundantly,  when  aleoWb 
passed  throogh  a  red-hot  earthen  tube.  Sulphuric  etber,  uaioi 
with  sulphorin  acid,  and  subjected  to  heat,  also  affords  It. 

Gateout  Oxide  of  Carbon,  first  described  by  Dr.  Prieslley,i> 
exceedingly  noxious ;  animals  die  in  it  instandy.  It  is  ubtaiMl 
from  chalk  and  filings  of  sine. 

Before  closing  these  articles  we  may  observe,  that  oarboait 
acid  gas — the  choke  damp  of  mines — escapes  also  daring  1W 
fermentation  of  porter ;  and  instances  of  its  destmctlve  enets 
have  occurred,  where  persons  have  Incantioasly  pat  their  boM 
to  the  bang-holei  of  casks  while  this  process  was  going  aa- 
Charcoal  fumes,  so  deletorious  In  many  manufactories,  an 
generated  by  boming  eharcoal  in  common  air,  and  an  ia  M 
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f\'  *Ai\n^  more  thau  carbonic  acid  gat  fumes.  A  pan  of  lime-  | 
writer  piiict'd  on  the  floor  will  absorb  the  gas,  and  allow  the 
bitizan  to  itf spire  tolerably  pure  atmospheric  air.  Yet,  8tran{;e 
Ks  it  may  uppcar,  carbonic  acid  gas  is  evulved  from  uur  lungs 
in  respiration,  us  is  proved  by  breathing  into  a  phini  containing 
pure  lime-water,  which  will  become  quite  turbid  by  the  coni- 
l)iaati<in  of  the  pore  lime  with  the  carbonic  acid  proceeding 
from  the  lungs. 

Sulphuretted  Hydrogen  iiat^  has  the  properties  of  an  arid ; 
for  when  absc>rl>ed  by  water,  its  solution  reddens  vegetable 
blues.  It  combines  also  with  alkalies,  earths,  and  with  several 
metallic  o&ides.  This  gax  has  an  odour  resembling  that  of 
putrid  eggs.  It  kills  animals,  and  extinguishes  burning  bodies. 
It  is  indammablc  when  mixed  with  oxygen  gas,  or  atmospheric 
nir.  It  is  this  gas  which  gives  their  peculiar  smell  to  the  waters 
iif  llarrowgate,  Aix-la-Chapelle,  and  St.  Bernard's  Well  at 
Edinburgh. 

Pkogphurttted  Hydrogen  Cas,  consists  of  phosphorus  dissolved 
in  hydrogen  gas.*  It  is  the  most  combustible  substance  in 
nature,  and  is  distinguished  from  all  other  gases  by  taking 
fire  when  brought  in  routaet  with  atmospheric  air.  When 
mixed  with  oxygen  gns,  or  with  oxygenated  muriatic  acid  gas, 
it  burns  violeiit!y.  When  bubbles  of  it  are  sufTeied  to  pa.^s 
throii;;h  water,  they  take  fire  in  succession  as  they  reach  the 
surface  of  the  fluid.  Its  smell  resembles  that  of  putrid  fisli. 
Phosphoretted  hydrogen  gas  is  also  found  naturally.  The  air 
wh.ch  burns  at  the  surface  of  ret  tain  springs,  formiug  what  are 
railed  burning  springs,  and  the  ignis  falnus  (jack  o'lantern.) 
wldrh  glides  along  burying  ground**,  consists  of  this  gas. 

fk'itrous  Gas^  is  an  aeriform  fluid,  consisting  of  a  certain 
quantity  of  nitrogen  gas  and  oxygen.  It  is  colourless,  having 
uo  sensible  taste,  and  is  neither  acid  nor  alkaline ;  it  cannot 
b^  respired.  The  greater  number  of  combustible  bodies  can- 
not burn  in  it.  It  is,  nevertheless,  capable  of  supporting  the 
rouibu^tion  of  some  bodies.  Phosphorus  burns  in  it  when 
introduced  in  a  state  of  inflammation.  Ilomberg's  pyrophnrus 
takes  fire  in  it  s|MHitaneously.  It  is  obtaiufd  fiom  copper  and 
nitric  acid  dilnted  with  water. 

fruseout  Oxide  of  Azote,  or  nitrous  oxide,  obtained  from  the 
nitrate  of  ammonia,  by  heating  the  salt  to  about  4000  Fahren- 
btit,  is  a  permanent  gas,  in  which  animals,  when  confined,  give 
n#  signs  of  uneasiness  at  first,  but  soon  become  restless,  and 
then  die.  When  mingled  with  atmospheric  air,  and  then 
received  into  the  lungs,  it  generates  highly  pleasurable  sensa- 
tions. It  excites  the  body  to  action,  and  rouses  the  faculties 
of  the  mind,  inducing  a  state  of  great  exhilaration,  and  an  irre- 
sistible propensity  to  l:iughter,  a  rapid  flow  of  vivid  ideas,  and 
anusual  vigour  and  fitness  for  muscular  exertions;  in  some 
respects  resembling  the  sensations  attendant  on  intoxication, 
withoQt  any  languor,  depression  of  spirits,  or  disagreeable 
feelings  afterwards,  but  more  generally  followed  by  vigour,  and 
a  dis|M)sitJon  to  e%ertJon.  which  gradually  subsides. 

Amfmomimcml  O'at^  is  composed  of  hydrogen  and  nitrogen,  ren- 
dered gaseous  by  the  addition  of  calorie.  This  gas  sufibcates 
animals,  and  extinguishes  burning  bodies,  like  all  the  otJier 
sdlTocating  gases;  but  it  is  slightly  inflammable,  increasing  the 
iante  of  a  tapi*r  before  it  extiuKuishes  it. 

Sulpkunmt  AcidOas^  is  no  where  found  in  a  natural  state,  hnt 
it  entirely  a  production  of  art,  obtained  by  exposing  to  heat  in  a 
retort,  sulphuric  acid,  while  it  is  exercising  an  action  <ni  some 
combustible  body,  as  oil,  charcoal,  mercury,  kc.  Sulphurous 
acid  gas  is  twice  as  heavy  as  atmospheric  air.  It  extinguishes 
barninc  bodies,  and  suflbcates  animals.  It  first  reddens,  and 
then  destroys,  mo^t  of  the  vegetable  colours.  It  has  the  pro- 
perty of  whitening  silk,  and  giving  it  a  lustre. 

ti^drocklvric  or  Muriatic  Acid  6'a«»  obtained  by  exposing  to 
heat,  fuming  muriatic  or  h}drorhloric  acid,  put  into  a  retort, 
tor  beak  of  which  is  introduced  below  a  bell-glass  filled  with 
nerrury,  and  placed  on  the  shelf  of  a  mercurial  pneumatic 
apparatus,  is  heavier  than  atmospheric  air,  suflbcates  animals, 
and  extinguishes  a  lighted  taper;  but  first  enlarges  its  flame, 
and  nMkes  it  appear  of  a  green  or  bluish  colour  at  the  edges. 

CAionne  or  Oxygenated  Muriatic  Acid  6'a«.  the  muriatic  gas 

deprived  of  its  h)drogen.  is  of  a  greenish  yellow  colour.    This 

raa  destro\s  \ei;etaltle  colours  only,  rendering  all  flowers,  and 

Uir  gr«MN«  leases  of  plonts,  white ;  and  alkali  b  ant  capable  of 
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restoring  their  colours.  Ilenee  lhi<  neid  is  now  verv  areiiernlly 
employed  in  the  gaseous  or  the  lj«|uid  state,  to  whiten  thread, 
cotton,  linen,  wax,  &g. 

The  oxygenated  muriatic  acid  is  employed  in  four  different 
ways  for  the  pur]H>se  of  bleaching ;  first,  in  the  state  of  sas 
alone ;  secondly,  in  the  state  of  gas  combined  with  water,  or 
what  is  called  the  arid  ;  thirdly,  potass  is  mixed  with  tlie  acid 
to  condense  the  gaseous  vapour,  and  destroy  its  sufloeHiing 
odour;  fourthly,  ox}};enated  muriates,  dissolved  in  water,  are 
employed.     See  the  article  BLKAciiiMi,  pp.  li>8 — III. 

Fluoric  Acid  Oat^  may  be  obtained  by  decomposing  fluate  of 
lime  (Derbyshire  spar)  by  means  of  sul|>huric  acid.  The  most 
remarkable  property  of  this  gas  is  its  power  of  dissolving  silex  ; 
it  therefore  dissolves  glass,  crystal,  and  various  precious 
stones.  It  is  heavier  than  common  air.  It  does  not  maintain 
combustion,  nor  can  animals  hreathe  it;  but  its  property  in  dis- 
solving flint  makes  it  useful  in  etching  on  glass,  cither  as  a  gas, 
or  in  a  liquid  state. 

There  are  a  variety  of  other  gases,  the  enumeration  of  which 
in  this  place  would  be  attended  with  little  utility  to  the  reader 
of  a  work  like  our  Dictionary. 

Oil  the  ExjHintion  uf  Gates  :  with  an  easg  Rule,  and  a  Tahlr,  for 
finding  the  Expansion  of  Air  or  ang  Gat ^  from  l)*2P  to  21*/"  Fmk» 
renheit, — An  accurate  knowledge  of  the  expansion  of  gaseous 
bodies  being  of  great  importance  in  ebemieal  researches*,  many 
expcrimentH  were  made  to  ascertain  it,  but  the  results  were 
long  so  various  and  dillerent  from  each  other,  that  none  eould 
be  depended  on.  The  reason  of  this  difl'erence  was  the  want  of 
attention  on  the  part  of  experimenters,  in  not  exeludinc  with 
sufficient  care  the  particles  of  water  from  the  vessels  employed 
to  measure  the  expansion  of  gases.  When,  therefore,  heat  was 
applied  to  raise  the  temperature  of  any  gas,  the  particles  of 
water  were  converted  into  vapour,  and  mixinir  with  the  gas, 
produced  a  difference  in  the  actual  change  of  bulk  which  it  had 
experienced.  To  this  cause  only  can  be  ascribed  the  varia- 
tions in  the  determinations  of  Deluc,  General  Koy,  and  others, 
on  this  important  point.  The  subject  happened  to  encage  the 
attention  of  Dalton,  of  Manchester,  and  Oay  Lus.sac,  in  Trance ; 
and  the  coincidence  in  the  results  of  their  experiments  alfords 
convinciu?  proof  of  their  necuraey.  Dalton  publishi  d  the 
account  of  his  experiments  about  six  months  before  Lussae, 
and  his  apparatus  was  more  simple  than  that  of  the  Freieb 
chemist.  It  eon.sisted  merely  of  a  glass  tube,  open  at  one  end, 
and  graduated  into  equal  parts  :  after  it  was  properly  drird,  the 
gas  was  introduced  into  it,  and  it  was  then  filled  with  mercury 
at  the  open  end  to  a  given  po-'nt;  heat  being  then  applied,  the 
amount  of  dilatation  was  observed,  by  the  quantity  of  mercury 
expelled.  Lussac's  apparatus  was  more  complieated,  but 
capable  of  greater  precision;  and,  as  bis  experiments  were 
made  in  greater  qnantitirs  of  air.  their  coincidence  uith  the 
former  induced  perfect  confidence  in  the  accuracy  of  the  resuiis. 

Their  experiment**  led  to  the  ini|iortant  conclusion,  that  air, 
and  all  gaseous  bodies,  undergo  the  same  degree  of  exp:in>iun, 
by  the  application  of  the  same  degree  of  heat;  so  that  lhi>  rate 
of  expannionfor  one  heine determined,  gi\es  ihe  raieof  e\n:in* 
sion  for  all.  The  expansion  obtained  by  Gay  Lnssac.  hs  heat- 
ing air  fnim  32°  to  *Z\'T\  was  '376,  or  }  of  its  bulk  at  '^Z~ .  nnd 
that  obtained  by  Daliun,  was  '.17(i  for  the  same  bulk.  Now, 
this  fact  being  estahlinhed,  that  air  expands  abont  2.  (»r  one- 
2  amth  of  its  bulk,  when  heated  from  \V}P  \n  *il*i^,  or  Isu- ;  it 
follows,  that  for  e^ery  1°  of  the  thermometer,  air  will  expiuid 
one  four  hundred  and  eightieth  part  of  its  bulk  at  :VJ^.  The 
experiments  of  Dalton  would  give  about  Oiie-47!i'Hih  li»r  this 
expansion,  but  the  difference  is  of  no  great  moment.  From 
the  experiments  of  Lnssae.  it  appears,  that  the  steam  of  water, 
and  the  vapour  of  ether,  experience  the  same  expansitm  as  air, 
when  the  same  addition  is  made  to  their  temperature ;  hence 
it  may  lie  inferretl,  that  all  clastic  fluids  expand  equall>  and 
uniformly  by  heat. 

To  determine,  therefore,  the  expansion  of  air,  or  any  gas,  at 
any  temperature,  ot  in  other  words,  to  ascertain  the  increase  of 
bulk  which  it  undergoes,  when  heated  from  the  c(»nimencenieni 
of  the  common  thermic  unit  3*2°,  to  any  degree  w  ithin  '\x%  range, 
which  terminates  at  21*2°.  we  have  only  to  add  one-4(MKh  part 
of  its  bulk,  at  33°  for  every  degree  between  that  point  and  the 
temperature  required. 
A  z 
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Tb(u,  if  tlw  bulk  of  »  qaantiljr  of  807  g»»  at  33^,  ba  10  enbic 
incbea,  aod  iu  balk  at  00°  be  required,  we  hate  only  lo  nob- 
tract   33°  from  OtP,  and  tbe  remainder  28  is  ilie  number  of 

degrees  intarTcniBg;  tben  ^  x  36  =  Tgg  tbe  expansion  of  a 


I  for  28^  ;  wherefore,  ; 


'  X  10  enbic  inches  ^  Zkt^  '1KI33, 


the  increase  of  Tolome,  which,  added  to  10  cabie  inches,  makei 
10-6833  cnfaio  iachea,  the  bnik  of  the  gas  at  32°,  when  raised  to 
the  temperatnre  of  OCP.  If  the  balk  of  a  qoaotity  of  gas,  at  anj 
tempeiatare  above  33^  be  fp*en,  and  its  bulk  at  a  still  higher 
tmnpcratare  be  reqaired,  we  mast  first  sabtrsct  32°  from  the 
giireo  temperatare ;  tben  add  tbe  remainder  to  the  denominator 

of  the  firaetioti  ^^,  aod  proceed  as  before.    Thus,  to  find  the 

espansioa  of  10  cubic  Inches  of  gas  at  60°,  when  raised  to  tbe 
temperature  of  60°,  we  ba»e  aO°  —  32'  =  18°,  and  60°  —  S0° 


—  10°.    Now, 


,„  .  -15=  m-  •"*"  498^  '*^  =  «5-  «" 
10 
of  a  Doit  for  10°,  wberefore  tt^  x  10  cubic  inches 


=  2^  ^  "308,  the  increase  of  volume,  which,  added  to  10 

cubic  inches,  the  balk  of  the  gas  at  50°,  when  raised  to  the 
tempeialnre  of  63°. 

irthehnlkof  a  qaantiiy  of  j^satahigher  temperature  be glTen, 
and  its  bulk  at  a  lower  temperature  be  required,  we  must  then 
subtract  32°  from  eaeb  temperature,  and  add  the  remaiudera  to 
the  denominatorof  the  fraction  ,U;  then  making  the  least  mm 
the  numerator,  and  the  greatest  the  deoominator  of  a  new  frac- 
tion, we  proceed  with  the  operation  as  before.  Thus,  to  find  the 
contracljon  of  10  cubic  inches  of  gas  at  80°.  when  cooled  lo  the 
temperature  of  60°,  we  have  00°  —  32°=28°;and80*  —  30*  = 

W,  ,!«,,  MP  _  «».=  20»,  h....,  ^-$-^  =  S'"'""- 

paosionof  aanit  forSOQ;  wherefore,  ^^  x   10  cubic  inches  = 

'^^  =  0'4S18  uoblo  inches,  the  Tolame  of  the  gna  at  80^, 
when  cooled  down  to  the  temperature  of  00°. 

Soeb  is  tbe  mode  of  calcoUtion  adopted  by  chemists,  in  (he 
ealcolation  of  the  eipanslon  of  air  and  gas,  and  the  examples 
might  be  so  varied  as  to  give  occasion  for  a  variatioa  in  the, 
mJes  for  each  ;  but  we  proceed  to  give  a  much  more  simple  and 
i;eneral  role  for  detemining  this  expansion  in  every  case  that 


tkt  ttmperaturi ;  that  if,  mi  448  +  the  given  ttmptralurt,  it  ta 
448  +  the  rtquirtd  temperature,  to  it  Iht  bulk  of  a  qKantitif  of  gat 
ml  Iht  given  temperature,  to  ill  bulk  at  the  required  temperature. 
Thus.  Id  the  first  of  the  above  cases,  we  shall  have  446  +  32°  : 
418  +  00''  :  :  10  cnble  inches  :  106833  cubic  inehes,  or  430  : 
608  :  :  10  cubic  Inches  :  10-6833  cubic  inches,  the  balk  of  the 
gas  at  33^,  when  raised  to  the  temperature  of  60°.  as  found 
above. 

In  tbe  second  ease,  we  shall  have  448  +  BIP  :  44B  +  ecP  :: 
10  enbie  inches  ;  10-3008  cubic  inchen,  or  408  :  608  :  :  10 
cubic  Inches  :  10-»)08  oubic  inches,  the  bulk  of  the  gas  at  60^, 
when  railed  to  the  temperature  of  00°,  as  found  above. 

In  the  third  case,  we  shall  have  448  +  80°  :  448  +  60*'  :  : 
10  enbic  inches  :  ff-4318  cubic  iDches,  or  62s  :  508  ;  :  10  cubic 
inches  :  0-4318  enbic  inches,  the  bulk  of  tbe  gas  at  9fP  when 
cooled  down  to  the  temperature  otOCP. 

From  these  examples  will  be  seen  the  soperioritj  of  this 
single  rule,  to  tbe  former  methods  of  caJculatiuf  the  increase  or 
diminution  of  the  volnmes  of  gases,  wben  expanded  by  heat,  or 
contraeted  by  cold. 

Tbe  fullowing  Table,  oonstnicted  on  these  principles,  shews 
the  expansion  of  air  for  nearly  every  temperature,  from  32°  to 
318*,  supposing  that  f  U  balk  M  32^  u  onlty  lOOOOOO,  or  lOOOOOQ. 
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Table  ikewing  tlie  Abioluie  ffeiakit  and  Specijk  Grrnnt/  if 
Gnei,  andlkeQu/iHlilgofeaehabtoriedbg  Wmler.—Tea^ 
ratare  60°  Fahrenheit.    Barometer  20-8. 


KIND  OF  GAS. 
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Muriatic  acid 

Ditto,  ditto 

Sulphuretted  hydrogen 

.Sulphuretted  hydrogen, 

OxjRengas 

Atmospheric  air, 

Hydrocarbiirot   from  stagnani 

Arsenicated  hydrogen  gas 

Ditto,  from  water  over  ignited 

Pbospburetted  hydrogen, 
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GAS 


Gas  liglu.  Id  the  article  Coal  we  deieribed  the  method  of 
obtaininjc  this  artificial  lifcht  Our  object  in  the  present 
instance  is,  to  describe  and  illostrate  the  apparatus  of  a  mano^ 
factory  of  Gas  for  public  use.  We  shall,  therefore,  aYail  our- 
selves of  Mr.  Pcckston's  work  on  Gas  Lighting.  It  is  the  work 
of  a  practical  man,  and  in  that  respect  equal  to  the  late  Mr. 
Creiichton's  treatise  on  Gas,  in  the  supplement  to  the  Encyclo- 
piedia  Britannica. 

Gas  is  obtained  from  distillin|(  coal  in  a  retort — it  is  then 
PL'RIFIED— and,  finally,  lrt  off  to  the  consumers  by  means  of 
pipea.  The  consideration  of  the  two  processes  of  distilUtion 
and  purification  solicit  our  chief  attention :  the  process  of  dis- 
tribution shall  be  briefly  discustod,  when  the  former  steps  shall 
have  been  fully  explained. 

The  retorts  used  for  the  distillation  of  pit-coal,  are  of  differ- 
Dt  shapes  in  different  esitablishments,  being  in  some  circular^ 
in  others  eiiiotical^  square,  or  stmieircuUr,    There  have  also 
Keen  inventeo  rotatory  retorts. 

The  circular  retorts  (for,  In  adverting  to  the  shape  of  them, 
I  am  to  be  understood  as  speaking  of  that  section  which  is 
vertical  and  parallel  to  the  flanches  at  their  mouths)  are  cylin- 
dem  of  about  six  feet  in  lenfi^,  and  twelve  inches  diameter 
inside.  These  have,  till  recently,  been  set  on  the  floe  plan,  and 
when  set  two  to  one  fire,  carbonisation  was  carried  on  at  about 
twenty  per  cent. ;  or,  to  speak  in  more  familiar  language,  it 
required  twenty  chaldrons  of  coals  to  keep  a  sufficient  number 
of  retorts  so  heated  as  to  be  capable  of  carbonising  one  hun- 
dred chaldrons  in  a  proper  manner ;  when  the  retorts  were 
worked  at  eight  hours*  charges,  with  two  bushels  of  coals  to 
one  retort  each  charge.  The  fire-place  for  heating  this  kind  of 
retort  was  opposite  to  its  mouth;  and  under  these  circum- 
stances, a  retort,  cast  from  metal  of  the  second  running,  and 
weighing  about  ten  hundred  weight,  would  last  from  eight  to 
ten  months. 

The  first  step  towards  the  present  mode  of  setting  retorts 
was,  by  beating  three  with  one  fire;  on  such  plan  several  were 
set  in  different  works.    Retorts  set  three  to  one  fire  having,  by 
experiment  on  a  large  scale,  been  proved  to  answer  no  desir- 
able end,  the  next  alteration  in  the  mode  of  setting  was,  that  of 
keating  four  by  one  fire.    On  this  plan,  a  hundred  retorts  were 
pat  up  at  one  of  the  establishments  in  London — these  it  was 
found  impossible  to  heat ;  for  one  part  of  the  retort  would  have 
actually  melted  before  the  other  had  arisen  even  to  a  dull  red. 
A  second  setting  of  retorts,  in  which  four  were  to  be  heated  by 
one  fire,  succeeded  better  than  the  first,  for  the  retorts  heated 
▼erj  regularly —but  carbonisation  was  not  carried  on  at  so  low  a 
per  centage  as  when  only  two  were  heated  by  one  fire ;  it  was 
considerably  increased,  and  what  was  still  worse,  the  retorts 
were  sooner  burnt  out.    The  carbonisation  increased  daily  in 
its  expenses,  till  at  last  it  rose  as  high  as  fifty  per  cent    This 
was  owing  principally  to  working  fewer  retorts  than  the  fires 
necessary  to  be  kept  up  would  have  heated,  had  the  retorts 
placed  over  each  fire  in  action  remained  In  a  working  state ; 
for  it  very  frequently  happened,  when  seventy  or  eighty  retorts 
were   working,  as  many  fires  were  kept  lighted  as  actually 
heated  a  hundred,  and  for  the  following  reason : — The  action 
of  the  fire  not  being  uniformly  directed  towards  each  retort  in 
the  series  of  four,  one  of  them  became  ineffective ;  when  snch 
wms  the  case,  only  three  out  of  the  four  could,  of  course,  be 
used;  soon  afterwards  a  second  failed,  and  then  but  two 
seflsained  in  nse,  and  so  on  ;— indeed,  it  was  no  oncommoD 
esaramstance  to  work  but  two  retorts  by  that  fire  which  actually 
^4K«ted  four,  owing  to  two  of  them  being  burnt  out.    When 
retorts  were  set  four  to  one  fire,  it  happened  that  they  were 
Hn^aently  worked  under  the  above  disadvantage  more  from 
^gccssity  than  choice ;  for  whenever  it  became  necessary  to 
f^aaove  defective  ones  over  one  fire,  it  followed  that  the  adjoin- 
*"^9(  fires  could  not  be  kept  lighted ;  for  if  they  remained  so, 
^H^  bricklayers  could  not  perform  their  work — consequently, 
^  Wa  it  was  required  to  replace  a  series  of  four,  the  use  of 
^^dve  retorts  was  lost  to  the  manufacturer  till  such  time  as  the 
^^fMtive  ones  over  the  fire-place  undergoing  repair,  were  again 
*^^ady  to  be  brought  into  action.    The  pulling  down  of  the 
*^leetive  retorts,  and  the  replacing  of  them  so  as  to  be  again 
'^•dy  for  charging,  in  one  series,  was  seldom  accomplished  in 
^u»  (haa  a  week;   therefore,   when  the  manofactarer  was 


anable,  flrom  the  quantity  of  gas  he  had  to  soppiv,  to  dispense 
with  the  use  of  so  many  retorts,  he  was  compelleo  to  work  them 
under  every  disadvantage. 

As  the  expense  of  resetting  one  retort,  when  put  op  in  a 
series  of  four,  for  labour  and  new  materials,  exrlujiive  of  the 
retort  itself,  amounted  to  about  eight  pounds,  or  at  the  rate  of 
thirty-two  pounds  for  each  series,  it  became  a  desideratum  to 
be  able  to  replace  a  burnt-out  retort  without  pulling  down  the 
brickwork  and  allowing  tlie  retorts  next  adjoining  to  remain 
inactive.  Actuated  by  a  seal  for  promoting  the  interest  of  the 
manufacturer,  my  attention  was  turned  to  the  subject;  and, 
after  very  maturely  considering  the  matter,  Mr.  Peckston  hit 
upon  a  plan  which  would  enable  the  operator  to  remove  a 
defective  retort  in  a  few  hours,  without  expense,  save  labour, 
and  a  few  shillings  for  bolts  and  cement 

When  retorts  were  set  four  to  one  fire,  the  top  ones  invari« 
ably  failed  first,  and  this  led  to  a  supposition  that  if  the  top 
ones  were  guarded  by  tiles  from  the  aetion  of  the  fire  in  tho 
same  way  Uiat  the  lower  retorts  were  guarded,  they  would  bo 
more  likelv  to  remain  a  longer  time  effective.  Retorts  were 
accordingly  so  set,  and  whilst  the  fire-places  were  continued 
at  that  side  which  was  opposite  to  the  side  for  charging  and 
drawing,  they  did  last  considerably  longer,  but  then  they  were 
by  no  means  so  effective  as  on  the  former  plan.  They  fell  out 
of  all  shape,  and  consequently  were  not  capable  of  carbonising 
such  a  quantity  of  coals  as  would  be  advantageous  to  the  manu- 
facturer of  coal  gas.  A  deviation  from  this  mode  was  made 
by  placing  the  fires  in  front  of  the  retorts,  but  it  failed  entirely. 
The  bottom  retorts  were  soon  destroyed — the  action  of  the 
flame  playing  on  the  ends  of  them  so  forcibly  as  literally  to 
reduce  them  into  a  state  of  fusion,  when  the  fire  was  such  as 
to  keep  the  principal  part  of  the  retort  at  a  bright  red  beat. 

Although  retorts  of  various  shapes  had  been  tried  at  different 
establishments,  we  find  no  account  of  any  having  been  set,  save 
on  the  flue  plan,  that  is,  b^  the  fire  acting  under  the  retort,  and 
then  returning  over  it  on  its  way  to  the  main  flue,  till  the  spring 
of  1817,  when  Mr.  Rackhouse  adopted  a  plan  for  heating  re- 
torts of  cylindrical  shape  set  in  ovens,  a  plan  since  known  to 
the  manufacturer  by  the  name  of  the  **  oven-plan.'*  His  first 
experiment  was  made  at  one  of  the  gas-light  establifthments  in 
London,  by  heating  one  retort  in  an  oven.  He  next  set  two  ia 
one  oven,  then  three,  and  afterwards  five;  and  cylindrical 
retorts  set  in  fives  on  the  oven-plan  are  now  by  far  the  most 
general  mode  adopted  at  the  different  gas-light  rstahlishments. 

Mr.  Malam*s  plan  of  oven  retorts  at  the  Westminster  gas- 
works, perhaps,  excels  the  former.  Various  have  been  the 
alterations  made  by  different  workmen  in  the  fire-work  to  the 
retorts  since  the  oven  plan  was  adopted,  but  hitherto  most 
have  failed  in  remedying  the  very  serious  evils  which  must 
arise  from  their  rapid  destruction.  Heretofore  a  retort  of  tbn 
same  shape  and  dimensions,  when  constantly  used  night  anr* 
day,  lasted  from  eight  to  ten  months ;  but,  on  the  oven  plan, 
the  retort  seldom  remains  in  a  working  state  more  than  as 
many  weeks.  Indeed,  so  great  has  been  the  desire  of  making 
this  plan  answer,  that  it  has  been  tried  almost  under  every 
bearing;  and  whilst  some  attempts  have  promised  to  answar, 
others  from  which  much  had  been  expected  have  failed  so  far 
as  to  cause  the  retort  to  be  entirely  destroyed  in  three  or  four 
days. 

Whenever  coal  may  be  submitted  to  distillation  in  masses  of 
twelve  inches  diameter,  the  operation  will  be  very  tedious,  and 
equally  imperfect ;  the  action  of  the  red-hot  retort  upon  tho 
outer  surface  of  the  coal  will  soon  decompose  it,  and  therefore 
the  gas  in  the  first  part  of  the  process  will  pass  over  very 
rapidly — but  then  It  arts  against  the  process  in  the  interior 
part  of  the  cylinder  formed  by  the  coal  in  the  inside  of  tho 
retort ;  for  as  the  outer  surface  of  the  coal  is  formed  intf>  coke, 
it  becomes  a  coating  to  that  which  is  within  it.  and  through 
which  the  gas  must  pass  ere  it  can  extricate  itself  from  thf 
retort  Whenever  snch  is  the  case,  carbonisation  cannot  bo 
carried  on  to  advantage,  nor  will  it  ever  answer  the  most  desir- 
able end.  The  great  object  which  the  manufacturer  should 
ever  keep  in  view,  is  by  exposing  coal  to  the  action  of  heat  in 
thin  strata,  to  obtain  the  greatest  quantity  of  gas  in  the  least 
time,  and  at  the  least  expense,  but  snch  can  never  be  effected 
by  retorts  like  these. 


as4 


GAS 


DICTIONARY   OP   MECHANICAL   8C1BNGE. 


9  A  » 


Havtag  Dms  glanced  earsonly  at  the  varions  modes  which 
have  been  adopted  for  setting  cylindrical  retorts,  it  may  not  be 
improper  to  notice  the  rotatory  retorts  of  Mr.  Clegg's  invention. 
In  doing  so,  we  are  to  observe  that  Mr.  Maiben,  of  Perth, 
invented  a  retort  for  distilling  coal  by  exposing  it  to  the  action 
of  heat  in  thin  strata.    From  his  experience  he  learnt  that  the 
gas  evolved  dunog  the  first  part  of  the  process  of  carboniza- 
tion was  of  too  aqueous  a  quality  to  be  fit  for  combustion,  and 
that  evolved  during  the  latter  part  thereof  was  so  strongly 
impregnated  with  sulphur  as  to  be  highly  objectionable.    The 
retorts  he  made  use  of  were  of  a  square  shape,  and  of  a  size 
sufficient  to  carbonize  twenty-five  pounds  of  coal,  when  spread 
in  a  layer  of  about  two  inches  deep.    The  coal  was  introduced 
into  the  retort  by  means  of  a  sheet-iron  box,  which  was  charged 
and  slided  in  whenever  the  gas  was  extracted  from  the  former 
charge,  which,  under  such  management,  was  generally  accom- 
plished in  two  hours.    But  this  description  of  retort  being 
much  too  small  to  be  serviceable  in  large  establishments,  led 
Mr.  Clegg  to  construct  a  retort  of  sufficient  capacity  for  car- 
bonizing about  oij^e  chaldron  of  coals  per  diem.    The  first  of 
them  which  was  ever  put  up,  (being  eight  feet  six  inches  in 
diameter,)  as  were  also  the  second  and  third,  (each  of  twelve 
feet  six  inches  diameter,)  were  worked  under  my  observation. 
Each  of  these  retorts  contained  fifteen  boxes  which  slided  into 
the  retort,  upon  iron  arms,  as  described  in  the  specification 
of  the  patent.     Whilst  the  arms  could  be  kept  up,  they  were 
worked  without  much  difficulty.    The  coal  remained  in  the 
retort  six  hours,  but  was  only  one-third  of  that  time  exposed 
to  the  action  of  a  red  heat.    Five  boxes,  having  passed  that, 
waited  for  the  coal  in  the  five  boxes  over  the  red  heat  being 
decomposed,  which,  on  being  done,  the  retort  was  opened,  and 
those  five  boxes  which  had  passed  the  red  heat,  were  drawn, 
aod  fresh  ones  introduced  upon  the  arms  they  had  occupied, 
which  process  brought  the  five  from  the  red  heat  to  the  situ- 
ation they  had  occupied,  to  wait  there  till  the  coal  in  the  next 
five  was  decomposed,  when  the  operation  of  change  was  again 
repeated;  so  that  there  were  continually  five  boxes  lately 
introduced  into  the  retort,  waiting  to  be  brought  over  the  red 
beat,  five  over  the  red  heat,  and  five  others  ready  for  being 
withdrawn  from  the  retort     Had  not  the  expense  of  erecting 
retorts  of  this  description  been  very  considerable,  and  the  wear 
and  tear  enormous,  they  would  doubtless  have  been  adopted 
in  that  establishment  where  they  were  first  tried ;  but  both 
were  so  much  against  them,  that  every  idea  of  using  them  was 
there   entirely  relinquished.     It  is  but  justice  to  state,  that 
those  retorts  produced  gas  at  the  rate  of  upwards  of  fifteen 
thousand  cubic  feet  per  chaldron  (twenty-seven  hundred  weight) 
of  coals ;  that  carbonization  was  carried  on  at  about  sixteen 
or  eighteen  per  cent. ;  that  the  increase  of  coke  on  coal,  car- 
bonized, was  at  the  rate  of  fifty  per  cent ;  and,  that  the  process 
of  carbonizing,  under  those  circumstances,  was  accomplished 
in  about  six  hours. 

Mr.  Maiben's  retorts  were  much  too  small  for  extensive 
manufactories ;  the  rotatory  one  so  very  expensive,  that  it  was 
not  probable  either  would  be  brought  into  general  use.  To 
overcome  the  difficulties  arising  from  the.  use  of  retorts,  Mr. 
Malam  proposed  that  elliptical  retorts  should  be  adopted, 
their  length  being  about  six  feet  six  inches,  their  transverse 
diameter  twenty  inches,  and  their  conjugate  diameter  ten 
inches.  From  retorts  of  such  shape  there  was  every  proba- 
bility that  the  results,  as  far  as  related  to  the  quantity  of  gas 
and  coke  obtained  from  a  chaldron  of  coals,  would  be  very 
similar  to  those  from  the  rotatory  retort ;  whilst  the  expense  of 
setting  them  was  but  little  more  than  would  have  been  incurred 
by  setting  an  equal  number  of  cylindrical  retorts,  and  not  near 
so  much  as  it  would  require  to  set  such  number  as  would  car- 
bonize equal  quantities  of  coals  in  equal  times.  The  elliptical 
retorts  had,  however,  one  great  advantage  over  the  cylindrical 
ones, — they  were  worked  oflf  in  half  the  time :  and  five  of  them 
in  action,  worked  with  one  bushel  and  a  half  of  coals  to  each, 
during  a  few  hours*  charge,  would  produce  as  much  gas  in  a 
day  as  ten  cylindrical  retorts  worked  at  eight  hours'  charges, 
with  two  bushels  to  each  retort  every  charge.  The  elliptical 
retorts  on  which  my  observations  were  made,  were  set  in  an 
oven  and  heated  by  one  fire. 
The  semicircular  retort,  from  its  form,  is  likely  to  answer 


the- manufacturer's  purpose,  if  set  with  jnd|nB^nt«ilcjit  toite 
rotatory  and  elliptical  ones;  that  is, a.s  far  as  thegencfalintl 
gas  and  the  production  of  coke  are  concerned  :  but.  fraa  m 
shape,  its  durability  cannot  be  expected  to  be  equal  ta  lii 
latter.  The  action  of  the  fire  upon  the  lower  edf^es  will 
soon  ^destroy  it;  for,  it  must  be  obvious,  to  any  one  at 
acquainted  with  fire- work,  how  very  powerfully  the 
strikes  upon  any  ang^ular  points.  This,  in  the  elliptical  idtit, 
is,  of  course,  done  away  with,  whilst  the  advantage  aniii 
from  its  shape  is  retained. 

The  square,  or  parallelopipedal  retort,  is  twenty  iocha  ■ 
breadth,  thirteen  inches  high,  and  six  feet  long,  inside.  ItkM 
a  rib  cast  along  the  middle,  on  the  inside  of  that  part  vU^ii, 
when  set,  the  bottom.  This  rib  rises  to  tlte  height  of  tkm 
inches,  but  does  not  approach  nearer  to  the  mouth-piece  ikH 
about  eighteen  inches.  It  is  for  the  purpose  of  str 
the  bottom  of  the  retort,  and  preventing  it  from  falliag 
shape  ;  but,  when  we  consider  the  mode  In  which  square 
are  set,  it  will  not  appear  tb  be  necessary.  These  rdails, 
when  set  six  in  one  bed,  and  that  number  heated  by  oocIr! 
are  placed  close  alongside  each  other.  The  fire-place^  bdm 
at  one  end  of  the  range,  is  so  contrived  as  to  admit  of  die  Ih 
being  carried  under  the  whole  range  towards  their  moathi;  I 
is  then  brought  over  the  top  of  them,  and  again  under  andoai 
in  the  like  way,  previous  to  its  being  allowed  to  enter  iolaAi 
main  flue.  Under  this  arrangement,  square  retorts,  vcigftim 
about  thirteen  hundred  weight,  being  set  and  worked  at  rii 
hours'  charges,  with  one  bushel  and  a  half  of  coals  to  eacfca 
one  charge,  at  such  a  heat  as  causes  ten  thousand  cobie  fefl 
of  gas  to  be  generated  from  a  chaldron  of  Bewicke  and  Cnai 
ter's  Wallscnd  coal  (twenty-seven  hundred  wei^^ht).  are 
to  remain  serviceable  one  year.  The  carbonisation  is. 
they  arc  once  brought  to  a  working  state*  carried  on  at 
twenty-five  per  cent.;  but  they  require  to  be  fired  for  a  faiti 
night  or  three  weeks  before  Uiey  are  at  a  proper  temperatait 
for  carrying  on  that  process. 

The  disadvantages  which  attend  the  use  of  those  relofli 
are,  first,  that  they  are  more  expensive  in  the  first  instance  tkm 
cylindrical  ones :  secondly,  the  length  of  the  flue  passing aato 
and  over  them  being  extensive,  and  of  but  small  dimenstoai.il 
frequently  becomes  choked  up,  and  requires,  for  clearing  ■ 
out,  various  openings.  When,  therefore,  it  is  found  ntrctiin 
to  examine  those  flues,  it  generally  happens  that  the  heat  if 
the  retorts  is  very  considerably  decreased ;  and  when  we  ci^ 
sider  the  time  requisite  for  heating  tliem  in  the  first  iostaoci^ 
we  must  be  aware  that  such  a  diminution  cannot  he  overcoat 
but  by  a  considerable  expense  of  fuel,  and  carrying  oalht 
process  very  unfavourably  and  imperfectly.  X«astly,  whea  ihc 
retort  is  burnt  out,  the  cost  of  replacing  it  is  nearly  equal  ti 
the  first  cost  of  setting ;  whilst,  in  using  cylindrical  ones,  a 
retort  is  generally  replaced  for  about  three-fifths  of  its  M 
cost. 

On  the  5th  of  August,  1817,  a  patent  was  obtained  by  Ma 
Perks,  for  an  arrangement  such  as  to  cause  thirteen  retorti, 
each  capable  of  carbonizing  a  bushel  and  a  half  of  coals  in  ax 
hours,  to  be  heated  by  one  fire.  The  retorts  are  so  plaedL 
that,  when  the  observer  stands  in  front  of  them,  twelve  of  the 
number  form  a  circle  round  tlie  thirteenth,  which  is  eylindridl, 
the  centre  thereof  occupying  the  position  of  the  common  ccaln 
of  the  surrounding  ones.  The  shape  of  these  retorts  will  be  best 
understood  by  supposing  two  circles  stmok  from  the  centre  of 
the  mouth-piece  of  the  thirteenth  retort;  the  inner  one  fonvf 
one  side  of  the  series  of  twelve,  and  the  outer  one  the  other. 
If,  then,  either  of  these  circles  be  divided  into  twelve  «qMl 
parts,  and  lines  drawn  from  the  inner  to  the  onter  eiftfer 
radiating  from  their  common  centre,  the  transverse  vaiticil 
section  of  them  will  be  exhibited.  It  is  evident,  that,  anto 
this  arrangement,  they  form  a  complete  circle  of  large  diameter. 
The  mouth-pieces  are  formed  like  those  which  are  used  with 
the  square  retorts,  and,  of  course,  the  conducting  pipes  aaA 
pipes  leading  to  the  hydraulic  main,  are  nearly  similar  to  tiMMt 
used  for  either  cylindrical  or  square  retorts.  The  fire-place  is 
in  front  of  these  retorts,  and  as  they  are  all  enelosed  in  a  drole 
of  brick-work,  which  is  divided  into  four  equal  parts  fay  fre 
lumps  laid  horizontally,  and  so  brought  out  of  the  eircle'as  la 
be  in  contact  with  the  adjoining  retort ;  and  that  part  which  it 
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Fig.  I. 


Fig.  2. 


Welwrrn  ihe  central  relorl  ind  (he  otli«ra,  being  divided  in  a 
•iinlUt  «aj.  Uie  ■gIiod  of  the  fire  u  noder  tltrce,  and  then, 
tamiuK  over  their  cndt,  it  comes  o*cr  them  tooardi  their 
avutbi,  where  it  Gods  an  openiDf;  lendioK  above  the  nest 
three ;  and,  paMing'  their  enda  downwardt,  it  ii  broDuhl 
lAwardi  the  mouth*  a  second  lime,  and  «a  on  in  like  manner, 
tUlit  baa  traTerard  round  the  whole  aeriea,  when  it  paatei  into 
the  main  flue. 

Dtirriptiam  tftkt  Mrtkod  Bfitlliug  ttro  rglimirieal  Rttorli  on 
tA*  Fhu  pUn,  ta  ml  to  bf  kettJ  bg  our  fire.— Fig.  I,  repretenta 
K  front  iiew  of  two  retort*  let  b>       "'     '  ••'    - 

ane  Ere  on  the  Bae  plan.  In  it, 
the  manner  In  which  the  rondiM  i- 
Init  pipea  are  (■onnecied  to  the 
retorti  ii  exhibited:  theie  Jekd 
to  the  hydraulic  main. 

Fig.  2,  is  «  vertical  aectton  oTJ 
the  lame  retorts,  iiuppoaed  to  ht 
drawn  about  midwaj  of  theii 
lenftba.  In  Ihia  leclion  a  repre- 
•eata  the  end  of  that  part  of  the 
lae  leadin)t  from  the  fire  nnd«rl 
dw  lower  retort,  which  ritea  neur 
dM  Bwoib-piMe  thereof  throng  1i 
Ihe  openinKi  h  b,  and,   paMJug  - 

fcMweeo  the  two  retorts,  riies  over  Ihe  end  of  (he  upper  one ; 
'■■d.beiofc  brought  over  the  top  of  it.  h)  means  of  ho  opening  r, 
•boat  nine  inches  from  the  mottih-piece,  ciiler*  the  upper  flue, 
and  thence  passes  into  the  main  one.  ddd  are  end 
of  the  Gfatilcs;    on  i~,-„  <| 

the  two  lower  tines  of 
tbem  the  retort i  are 
supported,  and  the 
•pper  one  forms  the 
MK  of  the  top  flne. 

Fig.  3,  eibibiis  a 
lonptudinal  section 
of  these  retorts.  In 
it,  a  is  the  Gre-plnre, 
A  a  section  of  the  fire- 
bars, and  c  the  ash- 
pit. The  direction 
taken  bj  the  flue  is 
pobitcd  out  b;  small 

DtirriptioK  eftie  Mttkod  ofttttinf  nx  pmrallrlopiptdal  Ketorit, 
mitoht  ktmttd  iif  tnu  Firr.—Fig.  1,  represents  a  transversa 
•cctiun  of  parallrlopipedal  retorts,  in  which  sis  arc  heated  by 
•ne  fire.    These  retorU  ere  twelve  incbea  square  inside,  aod 


rfs  feet  in  leofctb.  The  fire-place  m  with  the  ash-pit  k  is  plaeed 
I  one  end  of  the  series,  but  so  as  when  the  observer  stands  in 
rml  of  the  retort*  he  shall  be  in  front  of  the  lire-place  alio 
Under  this  arranRcmenl.  the  retorts  1  and  ti  heat  the  best,  and 
a  the  worsL  If  the  reader  compares  thi>  situation  of  the  fluis. 
«s  exhibited  in  fljt.  2,  be  will  observe  that  there  are  four  wbtcli 
eommunicale  with  the  6rc.pla<:e.  These  are  divided  by  lump* 
Inid  edfcewise  across  Ihe  Hbole  series  of  retorts,  formint  the 
«ges  marked  rfrfrfrf.  lig.  2.  This  ranxc  of  Rocs  is  covered  by 
•re-UlM.  and  upon  them  the  retorU  are  placed  close  alourside 
of  eaehoiher.  Over  the  lop  oflhe  retort  i*  araBgeof  B«iT«e«, 


which  corresponds  v  ith 
(he  lower  onci.  nnci 
(heir  are  covered  with 
fire-tile*  and  of  roursr 
with  fire-bricks.  Upon 
the  latter  is  a  third 
series  of  flues  of  about 
two- thirds  the  depth  of 
Ute  former  ones,  and 
these  rise  by  the  open- 
ing /,  if.  -i,  into  (he 
main  flue.  In  fig.  I, 
the  (ransverse  direc- 
tion of  the  flues  ia 
shewn  by  Ihe  arrows  leadinfc  from  the  fire-place.    The  mouth- 

fiieces  of  these  retorts  are  rircu tar,  as  shewn  upon  retort  6.  fii^.  1, 
Rsl  column,  Fi;;.  2  represcnl*  a  lonKitadioal  section  of  these 
retorts,  in  which  the  Rues  and  action  of  the  fire  have  already  been 
described.  A  is  the  retort,  a  the  fire-place,  b  the  ash-pit,  and  c 
the  fire-bars. 

Dttrriptimt  ef  Ou  littt^oA  of  nlttng  fiitt  rylindrirml  Rttoru  m 
«Ht  OriH  ktatfd  hf  thrrr  Firti.  tcilh  Xtrliimt  of  Ihr  hgdravlie 
.Maim  and  Dip-Pipti.  at  ttkibiled  itt  the  Plmtr  of  Gut  LtCHT  Re- 
T'lSTg. —  Fin-  I  represents  a  front  view  of  the  retorts  A  A  AAA, 
a*  set  and  in  a  finished  slate.  In  il  the  two  upper  retorts  are 
shewn  without  the  liils  of  their  respective  month- p i eccs :  the 
two  outer  lower  onrs  with  the  lids  on,  but  without  their  brini; 
secured  by  the  cruss-pieec  shewn  upon  the  middle  one.  The 
bed  of  these  retorts  is  supported  by  an  arch  of  brick-work, 
marked  It  1).  It  is  Lroupbt  so  far  forward  as  to  allow  room 
enough  for  the  stokers  to  charjcc  and  draw  the  retorts,  nnU  fur 
a  suOident  qoanlity  of  coals  lo  l>c  kept  for  suppljini:  twn  or 
three  charges,  with  furl  for  present  use,  Intinfc,  tunis,  be.  Im- 
mediately in  front  or  the  rrtnrts  is  introduced,  instead  of  pail 
of  the  key-stone  fur  Ihe  arch,  a  cast-iron  frame  uf  about  three 
(cct  and  a  half  Innt.  and  two  feet  broad  at  the  top.  vilh  an 
iron  door  filled  tn  it.  The  bottom  of  the  frame  is  struck  lo  the 
radius  of  the  arrh,  and  of  course  the  sides  tsper  inwards  in 
proportion  lo  that  radius.  The  situation  of  the  oueninfc  ia 
expressed  at  C.  This  opening  is  for  Ihe  purpose  of  allnwing 
Ihe  red-hot  roke  when  drawn  from  the  retort  to  fall  into  the 
archway  at  D.  a  a  a,  the  doors  of  the  fire-plaoes,  btbtht  door* 
of  the  ash>pil*.  These  doors  are  furnished  with  three  perprn* 
dicnlar  slits  of  about  twr>-thirds  their  1enf(lh  and  five-eifchthsof 
an  inch  in  diameter,  for  allowinfc  a  current  of  air  to  pass  to  the 
fires.  The  dimensions  of  Ihese  slils  can  be  decreased  by 
another  piere.  made  with  openings  to  correapond,  which  slides 
hoiiiontally  in  frooves  in  a  line  with  them,  so  a*  to  refrulate 
the  admission  uf  air  to  such  a  dricrea  as  the  operator  may 
desire,  rrere  are  the  conduriinF  pipes  which  convey  Ihe  Kaa 
as  it  is  evolved  from  thr  retons  loward*  the  hydraulic  main. 
ddddd  front  serliuns  of  (hr  It  pipes,  rrttt,  front  sections  of 
the  dip-pipes,  with  Ihr  saddirs  thruuich  which  they  are  bolted 
lo  (he  hydraulic  main.  V,  tlir  hydraulic  main,  F  Ihe  main  pipe 
for  convetinjc  the  ea«rmif  and  other  prudurts  evolved  towards 
their  respective  rrHcrvuirs.  Ii  ii  H  C  cast-irnn  columns  fitted 
with  crntchr*  at  (he  tups  of  the  upper  ones  for  aupporting  the 
bydraulir  main. 

Fit:.  *i  i*  a  *crlion  of  Ihe  same  rrtorts,  which  supposes  ihrm 
to  be  cut  through  from  Ihr  lop  to  the  biiltom  about  the  middlr. 
In  this  Sfclion.  the  hydraulic  main,  dip,  and  condurtiojt  pipes, 
are  not  shewn.  AAAAA  the  retorts,  ntaaam,  such  part 
of  thr  nrrh  furmine  Iha  oven  and  brick-work  rnntifcunus  to  Ihe 
hrc-placrs,  all  cif  which  rripiirr  In  be  constructrd  iif  Welsh  lire 
and  arrh  bricks,  l^ir  crown  of  the  oven  is  flallrnrd  by  niraiu 
of  Welsh  Gtc-tilrs  as  Hi  h.  At  the  exircmr  rnd  of  the  ovrn  are 
iHo  oprninf^s.  which  lead  into  ihc  two  small  flues  rr.  Thrsr 
Rui-s  pais  ahnvr  the  lop  of  thr  oven  toward*  thr  front  of  the 
relnrt.  and  then  each  lurns  towards  thr  centre  Rue  d.  which 
having  entered,  that  one  leads  Kiwards  Ihe  main  flue  H.  which 
it  enters  tbri>utib  the  opening  r.  ///  arc  Ihe  Gre-placrs.  and 
ggg  the  ash-pits,  hbh  are  firc-tumps  placed  beneath  the 
lowermost  returl*.  for  protecting  them  from  Ihe  ariinn  of  the 
fire.  The  two  upper  retorts  are  snpponrd  near  their  middle 
by  wrought-iron  belts,  which  are  brouKhl  through  the  upper 
p«rt  at  (be  oven,  and  passinf  ihroa|h  a  cut-iron  bearing  bar 
5a 
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placed  above  it,  are  secured,  by  meani  of  nuti,  ia  the  sita- 
atioD  waoted.  When  the  oven-plao  wa«  lirst  Introduced,  tbe 
letortA  were  sapported  by  eut4roD  props  bedded  is  tbe  brick- 
work,  crntcb-ibaped  at  tbe  top,  and  rising  to  a  proper  heiKbt 
lo  receive  ibem.  Tbe;  are  not  now  Qwd,  aad  tharefbre  not 
shewn  in  the  plate. 

Fig.  3,  is  n  lonKiludinal  sectioo  of  c.Tlindrioal  retorts  set  on 
tlie  OTen  plan.  A  A  are  the  relnrts,  the  mouth-pieoe  of  the 
lower  one  bciag  secured  b;  the  lid  and  cross  piece ,  the  upper 
one  is  shewn  without  the  lid.  /is  tbe  flre-plaee,  with  tbe  posi- 
tion of  the  i;rate-ba[s.  j^is  the  ash-piL  The  action  of  the  Ere 
is  tbe  same  in  this  section  as  has  been  already  described  by  fiic. 
•Z:  the  flame  having  exerted  Its  force  in  the  of  en,  rises  by  the 
opeuinfc  shewn  at  tbe  extreme  end  of  the  retorts,  and  passes 
along  tbe  Bue  towards  their  months  till  it  comes  to  d,  wlien  it 
enters  the  middle  flue  lying  psiallei  to  tbe  Queei  that  leads 
into  the  rising  part  *,  and  Ibenoe  into  the  main  floe  H.  h  is 
the  coo  ducting-pipe  which  conveys  the  gaxeoas  and  other  pro- 
ducts Trom  the  retorts  to  tbe  H  pipe  t,  and  that  carries  them 
into  the  dip-pipe  k,  which  enters  into  tbe  hydraalio  main  B. 
In  this  section  of  the  hydraulic  main,  the  fluid  by  which  the 
dip'pipe  is  sealed  is  shewn  as  ai  I,  lhroui;h  which  the  gaa 
bubbles  up  as  it  is  CTolved,  and  pusses  along  the  upper  part  of 
the  hydraulic  main  towards  the  main  pipe  F  (as  shewn  in  fig.  )) 
on  its  way  lo  the  coadenser.  Tbe  hydraulic  maiu  is  sapported 
in  this  section  in  a.  simLar  way  to  what  was  shewn  in  fig.  1 ; 
but  instead  of  a  brick  arch  for  supporting  the  tloor  in  front,  m 
is  one  of  a  range  of  beams  for  supporting  a  cast-iron  floor,  n 
is  tbe  opening  for  allowing  the  coke  when  drawn  from  the 
retorts  to  fall  on  tbe  floor  a.  This  opening  is  covered  by  an 
iron  door,  whiiih  is  closed  at  all  times,  save  when  the  retorts 
are  drawing. 

Deicriplion  of  Mr.  Jolm  !lfalam'i  Mttkod  of  lelling  Fhr  nf  At> 
Elliptical  Rttortt  in  one  Oven  htaled  iy  '^ree  Fire*.  vitL  Src- 
tioHi  of  the  Hvdraulic  Main  and  Dip-Pipe,  ei  exhibiltd  m  the 
Plate  of  Ga&  LiouT  Retorts,  Figi.  4,  6,  and  6.~Fig.  4  repre- 
sents a  froul  view  of  the  retorts,  as  set  and  in  a  Goished  slate. 
The  arrangement  of  the  retorts,  hydraulic  main,  dip  and  H 
pipes,  being  nearly  similar  to  that  described  above,  a  repetilion 
of  desciiption  is  not  necessary  here:  we  shall,  therefore,  only 
describe  such  parls  at  differ  from  the  former  mode  of  setting. 
lu  front  of  these  retorts  is  a  cast-iron  plate  A  A  A  A,  afcainst 
which  the  flanch  of  the  retort  rests.  At  each  coroer  of  this 
plate  is  a  bole  for  receiving  a  bolt.  This  passes  through  the 
brick-work  to  the  back  of  the  retorls,  which  is  supported  by  a 
plate  of  similar  dimensions  lo  that  in  front,  cast  with  opeoiogs 
opposite  the  end  of  each  of  the  retorts.  These  openings  are 
secured  by  plugs,  which  iire  removed  when  it  is  requisite  to 
replace  a  retort  that  may  be  worn  out  In  it  are  also  openings 
for  the  sights.    The  bolts  stated  to  pass  throoKh  the  front  plate 

fiBSs  through  this  also,  and  both  arc  secured  together  by  screw- 
ng  up  their  respective  nnts.  Under  this  arrangement,  it  is 
not  necessary  to  disturb  any  of  Ihe  brick-work,  when,  from  a 
retort  becoming  ineflective,  it  reauires  replaeing.  The  flres 
for  healing  these  retorts  are  placed  at  their  back. 

Fig.  6,  is  a  section  of  Ihe  same  retorts,  which  supposes  them 
to  be  cut  through  from  the  lop  to  the  bottom  about  the  middle. 
ma  are  flre-lumps  placed  edgewise  so  as  to  divide  the  distance 
between  the  enlerior  lamps  bb  into  three  equal  parts  corre- 
sponding with  tbe  Gre-places.  eec  are  the  ends  of  the  arehes 
over  the  respective  Gre-places  as  they  meet  the  dividing  lumps 
a«.  ddd  are  three  fire-liles  resting  upon  the  lumps  h  aa  b\ 
these  tiles  form  a  bridge  from  one  side  of  the  oven  to  the  other. 
ttfee  is  a  section  of  tbe  oven,  Ihe  rising  part  on  each  side 
marked  ee  being  constructed  of  Stourbridge  arch  bricks,  and 
the  flattened  part  /  of  Welsh  lumps  or  Gre-tiies.  gg  are 
sections  of  the  two  horieoatal  flues  which  rise  near  the  moulh 
f  Ihe  retort,  and  pass  towards  tbe  main  flue. 
Fig.  6  is  a  loogitndinal  lection  of  elliptical  retorts  set  on 
Halam's  plan.  A  A  are  the  retorts,  b  is  the  fire-place,  r  is  a 
section  of  the  grate  bar.  The  lower  edge  of  this  bar  is  chsm- 
fered  off  and  of  a  circular  form.  It  is  of  sufficient  depth  to 
allow  the  action  of  the  cool  air  through  the  ash-pii  to  have  fult 
effect  upon  It.  thus  preventing  the  very  rapid  destruction  which 
generally  Atiends  cast-iron  grate  bars,  jf  is  the  ash-pit.  a  is 
a  seetion  of  the  lump  for  dividing  the  d^inini  from  tb<iV<iff^r«ni 


Sre-placea.  i\%*.  seetion  of  tbe  tiles  wbiob  form  tbe  bri^. 
The  flame  acting  under  the  arch  c,  as  expressed  in  tliis  and  ibt 
former  figure,  passes  betweea  the  dividing  l^mps  andrr  the 
range  of  tiles  d,  and  there  divides  itself  in  the  direction  of  ibe 
two  arrows,  by  this  means  causing  the  heal  to  act  BnifMBly  ir 
the  oven.  The  opening  Hue  is  espresied  at  g — it  pnaaea  alsig 
A,  and  rises  at  t,  preparatory  lo  eatering  tbe  main  Baa.  Theee 
retorts  are  cast  with  a  cylindrical  projecting  end,  which  is 
received  into  the  brick-work:  tbey  are  alao  supported  by  east. 
iron  props  (bedded  in  the  brick-work  beneath  them)  eralab- 
shaped  at  the  top.  Tbe  section  of  the  hydranlic  mnin,  dip,  sa4 
H  pipe,  as  also  of  the  floor,  ia  the  same  as  shewn  in  tin  see- 
tion of  cylindrical  retorts  set  on  the  oven  plan,  page  SBIi,  ta 
the  description  of  which  our  readers  are  referred. 

Tbe  annexed  figure,  is  a  transverse 
section  of  the  couplings  which  sur- 
round the  retort  when  it  is  set.  The 
face  of  the  couplings  is  brought  close  i 
up  to  the  flanch  of  the  retort.  In  the 
following  Ggore,  aa  is  a  longitudinal 
section  of  the  couplings,  they  are 
wedge-shaped.  A  is  a  section  of  part 
of  the  retort,  h  h  the  iron  plate  in  front  of  Ihe  o 
Banches  verging  inwards  so  as  to  fit  tc  " 
brought  to  their  places  by  the  flanch  of 
the  retort  coming  close  to  the  plate, 
ce  part  of  the  brick-work  in  front  of 
Ihe  oven,  so  angled  ofl'  as  to  allow  the 
heat  to  approach  as  near  Ihe  mouth- 
piece as  the  couplings  will  permit. 
When  this  plan  is  adopted,  it  is  evi- 
dent that,  by  introducing  tbe  couplings 
nearly  lo  their  places,  and  bedding 
them  in  cement,  the  bringing  of  the 
retort  to  its  situation  in  the  oven  will 
force  them  up,  and  form  a  complete 
Joint  round  it.  On  the  contrary,  when 
a  retort  becomes  defective  by  displao. 
in^  the  plug  apposite  to  tbe  end,  and 
bringing  a  purchase  upon  that  end  by  means  of  an  IfM 
bar,  (the  joint  between  the  mouth-piece  and  gas  cenductiag 
pipe  being  Grst  broken)  it  will  be  forced  out  of  the  situatiosM 
bad  occupied,  and  loosen  the  couplings.  When  the  retort  ku 
been  moved  about  a  foot,  they  may  be  taken  away,  thus  hM- 
ing  suQicieiit  room  for  the  retort  to  pass:  it  may  be  drawn Wt 
by  a  purchase  made  fast  to  an  eye-bolt  in  the  wall  opposiu 
thereto,  and  a  new  one  introduced  inln  its  place,  tbe  whsls 
operation  being  performed  in  two  or  three  hours. 
Afr.  PeciUloii's  Table,  exAiUtin^  at  one  Kirw  the  Adtatitageiaai 

Diiadnantagti  inAicA  orire  to  the  Mauttfacturer  from  tke  Vet  4 

different  Kindt  of  Retortt  variotuli/  ivorkrd. 
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A 
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180 
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120 
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A 

180 
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A 
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120 
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63 

10.000 
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42 
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270 

16.000 

30 
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.100 
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10,000 

9& 
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understood  that  Ibe  reanlti  expressed  in  a  line  with  that  ktW 
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mti»e  from  the  dm  of  eylindrical  retorts  of  the  dimensionii.  &c. 
as  hereafter  mentioDed,  that  U  to  say, — DimenaioDS,  6|  feet 
looic.  I  fiKit  diameter  inside ;  weifcht,  10  cwt.  2  qrs. ;  price, 
per  ton,  £12;  first  cost  of  settinir,  ineludiofc  retorts,  brick- 
work, labour,  hydraulic  niaia,  and  oonnexionii,  with  coke 
hearth,  complete,  £23 ;  cost  of  replacing  one  that  may  be  worn 
out,  £15. 

Those  marked  B  in  the  first  column  are  of  the  same  dimen- 
sions, price,  and  weight 

Those  marked  C  are  elliptical,  and  of  the  following  dimen- 
aioDS,  &c. :— Length  64  feet ;  transverse  diameter  inside,  20 
ioobes ;  conjugate  diameter  inside,  10  inches^  weight,  13  cwt. 
2  qrs. ;  price,  per  ton,  £13;  first  cost  of  setting,  including 
retorts,  brick-work,  labour,  hydraulic  main,  and  connexions, 
with  coke  hearth,  complete,  £25;  cost  of  re-setting,  when  the 
oven  in  which  they  are  placed  requires  to  be  rebuilt,  £18. 

Those  marked  I)  are  parallelopipedal  shaped,  and  of  the  fol- 
lowing dimensions.  &c. : — Length,  6  feet :  breadth  inside,  20 
iochei;  depth  inside,  13  inches;  weight,  cwt.  13;  price,  per 
toa,  £12;  first  cost  of  setting,  including  retorts,  briek-work, 
lalwur,  hydraulic  main,  and  connexions,  with  coke  hearth, 
complete,  £21 ;  cost  of  re-setting,  £18. 

The  letter  m  in  the  last  column  of  the  table,  implies  that  the 
results  opposite  thereto  are  from  retorts  set  on  the  flue  plan, 
two  being  heated  by  one  fire  at  the  back  of  the  retorts.  The 
letter  b  in  the  same  column, — retorts  set  on  the  flue  plan,  three 
being  heated  by  one  fire  in  front  of  them.  The  letter  r, — retorts 
set  on  the  flue  plan,  and  four  bring  heated  by  one  fire  at  the 
side  opposite  to  their  mouths.  The  letter  <f,— retorts  set  on 
the  o%en  plan,  five  being  heated  by  three  fires  immediately 
beneath  the  front  of  them.  The  letter  e  implies  that  the  retorts 
are  elliptical  and  set  on  Malam's  plan,  five  being  heated  by 
three  fires  at  the  back  of  them.  The  letter/ relates  to  parallelo- 
pipedal retorts,  twelve  being  set  in  one  bed  and  heated  by 
two  fires :  the  flues  passing  under  and  over  six  retorts  from 
each  fire. 

When  cylindrical  retorts  are  set  two  to  one  fire,  so  as  to 
produce,  when  worked  at  a  bright  red  heat,  in  the  proportion  of 
I0,U1K>  cubic  feet  of  gas  to  a  chaldron  ;  if  the  temperature  be 
decreased,  they  will  not  produce  much  more  than  HOOO  cubic 
feet  to  the  chaldron ;  but  their  durability  will  be  extended  to 
twelve  months ;  and  such  decrease  of  temperature  under  any 
of  the  arrangements  exhibited  in  the  foregoing  Tabic,  when 
working  cylindrical  retorts,  will  cause  a  proportionate  decrease 
in  the  quantity  of  gas  generated,  and  an  increased  durability 
to  the  distillatory  vessel. 

1^' hi  1st  cylindrical  retorts,  worked  at  a  low  temperature,  are 
producing  but  HOIK)  cubic  feet  of  gas  from  a  chaldron  of  coals 
in  eight  hours,  the  rotatory  retorts  would  in  six  hours  produce 
from  16  to  16.000  cubic  feet  of  gas  from  the  same  quantity  of 
coal :  and  the  elliptical  retort  fiom  14  to  15,(KI0  in  four  hours. 

When  cylindrical  retorts  are  set  on  the  flue  plan,  and  four 
heated  by  one  fire  at  the  back,  should  they  be  fitted  with  Mr. 
Peckston's  apparatus  for  removing  a  defective  one,  they  would 
aiwavs  work  eight  hours'  charges  of  two  bushels  to  each  retort  at 
26  per  cent.,  producing  10.000  cubic  feet  of  gas  to  the  chaldron  ; 
ami.  Hheu  worn  out,  might  be  replaced  for  about  seven  pounds 
each. 

Cmrlmnizaiiim, — Were  it  requisite  to  go  into  calculation  upon 
the  'liferent  modes  of  woiking  the  retorts,  taking  the  results  of 
experiments  made  at  difl'erent  times  and  under  various  circum- 
stances as  data,  it  might  be  most  clearly  proved  bow  much  in 
all  cases  the  longer  process  excels  the  shorter.  In  order,  in 
some  measure,  further  to  elucidate  this  point,  to  observe,  that 
whenever  pit  coal  is  to  Im*  submitted  to  the  process  of  distilla- 
tion, the  time  for  the  process  cannot  be  shortened  to  lc«s  than 
etght  hours,  unless  we  have  the  means  of  exposing  the  coal  to 
the  action  of  heat  in  thin  strata, — say  four  inches ;  and  when 
coal  in  so  exposed  in  cylindrical  retorts,  that  retort  which, 
when  worked  nt  the  eight  hours'  process,  is  capable  of  carbon- 
i/jng  two  bushels  of  coal,  would  only  carboniie  about  three- 
fifths  of  a  bushel.  The  segment  of  a  circle,  whose  altitude  is 
four  inches,  and  choni  eleven  inches  and  a  quarter,  bearing 
Aorh  proportion  to  the  capacity  of  the  retort,  the  diameter  of 
which  is  about  twehe  inches.  We  are  told  by  those  who  have 
tkm  Biaaagenieat  of  oarbonisiag  ia  different  iiuiaufactoriet«  that 


when  the  six  hours'  process  Is  adopted,  the  charge  is  from  a 
bushel  and  a  quarter  to  a  bushel  and  a  half.  In  such  case, 
the  mass  of  coal  is  by  no  means  sufllcientiv  diminished  so  as  to 
cause  the  process  to  be  performed  with  advantage.  When  tjie 
retort  is  so  charged  and  worked,  the  heat  merging  from  all 
directions  towards  the  centre,  will  meet  with  nearly  the  samo 
obstacles  to  prevent  the  extrication  of  the  gas,  as  if  ft  had  bees 
fully  charged. 

With  respect  to  these  shorter  charges  when  worked  o(f  bj 
e>lindrical  retorts  set  on  the  oven  plan,  the  same  arguments 
which  have  been  already  advanced  will  hold  good  in  favour  of 
the  eight  hours  process,  but  with  considerably  more  weight, 
inasmuch  as  the  wear  and  tear  of  the  retort  will  be  propor- 
tionably  greater.  We  may,  tlierefore,  from  what  has  been  said, 
draw  this  conclusion,  namely ,  that  whenever  cylindrical  retorts 
are  used,  let  the  mode  of  setting  be  what  it  may,  the  operator 
ought  never  to  work  off  his  charge  in  less  than  eight  hours,  and 
that  with  such  heat  as  would  produce  from  one  chaldron  of 
Newcastle  coal  (twenty-seven  hundred  weight)  the  average 
quantity  of  ten  thousand  cubic  feet  of  gas. 

When  semicircular  or  elliptical  retorts  are  nsed,  either  will 
admit  of  the  charge  being  worked  off  in  much  less  time  than 
can  be  effected  with  cylindrical  ones.  For,  in  nsing  the  first, 
it  would  be  advisable  to  introduce  the  coal  into  the  retorts  by 
means  of  sheet-iron  trays  nearly  of  their  length  and  breadth, 
and  about  four  or  five  inches  deep.  By  having  two  sets  of 
trays  for  the  retorts  in  action,  the  time  nsually  lost  in  charging 
would  be  greatly  decreased,  as  would  also  the  stoker's  labour. 
By  the  mode  most  generally  practised,  the  raking  the  ignited 
coke  out  of  the  retort  is  not  only  very  laborious,  but  also  at- 
tended with  much  loss  of  time,— both  which  would  be  avoided  by 
the  mode  suggested  ;  for  by  using  the  trays,  the  spare  ones  might 
be  charged  with  the  proper  ouantity  of  coal  preparatory  to  the 
time  for  drawing,  and  by  tnat  means  almost  the  only  time 
occupied  in  the  operation  would  be  that  required  for  breaking 
the  joints  of  the  mouth-pieces,  and  making  them  good  again. 

Carbonization,  when  carried  on  by  means  oif  semicircular 
retorts,  if  properly  set,  has  a  decided  preference  over  cylindri- 
cal ones;— for,  as  the  great  art  of  making  gas  to  advantage, 
depends  upon  exposing  coal  to  the  action  of  heat  in  thin  strata, 
such  kind  of  retorts  are  particularly  adapted  to  the  purpose. 
They  have,  however,  one  disadvantage,  which  has  not  passed 
unnoticed.  The  action  of  the  flame  upon  the  angles  at  their 
base,  tends  towards  destroying  them  with  considerable  rapi- 
dity. To  guard  against  such  destruction,  the  angular  part  has 
been  rounded  off  so  as  to  present  an  arc  of  a  circle  to  the  fire, 
instead  of  an  acute  angle,  and  such  alteration  was  doubtless 
for  the  better.  Were  such  retorts  set  on  the  plan  of  an  air- 
furnace,  in  which  every  part  of  them  could  bo  regularly  heated, 
without  directing  the  heat  more  forcibly  against  one  particular 
part  than  another,  they  could  hardly  fail  of  answering  a  very 
desirable  end  to  the  manufacturer  of  coal-gas.  From  the 
numerous  experiments  made  on  the  distillatory  process,  on 
the  plan  of  submitting  the  coal  thereto  in  thin  strata,  it  can 
hardly  be  doubted  but  retorts  of  this  description,  if  set  with 
judgment,  would  remain  serviceable  from  six  to  eight  months, 
being  charged  every  four  hours,  night  and  day,  with  two 
bushels  of  coal  each,  and  worked  at  such  heat  as  to  produce 
from  a  chaldron  of  coals  the  average  quantity  of  thirteen  thoti* 
sand  cubic  feet  of  gas,  with  an  increase  of  coke,  (particularly 
adapted  for  parlour  fires,  as  well  as  culinary  purposes,)  of  40 
per  cent,  upon  the  quantity  of  coal  carboniied :  consequently, 
that  five  retorts  of  this  description  would  produce  as  much  gag 
during  the  space  of  twenty-four  hours  as  would  require  twelve 
cylindrical  retorts  to  be  worked  at  eight  hours'  charges  with 
two  bushels  of  coals  to  every  charge,  or  sixteen  cylindrical 
retorts  worked  the  same  time  with  a  bushel  and  a  half  of  coals 
to  each  retort  for  one  charge. 

As  what  has  been  said  on  the  subject  of  carbonisation  when 
carried  on  by  means  of  semicircular  retorts,  is  in  almost  all 
respects  applicable  thereto  when  square  retorts  are  used,  it 
therefore  w  ill  not  be  necessary  to  take  up  the  reader's  time  by 
speaking  of  it  here. 

The  next  mode  of  carrying  on  the  process  of  carbonisation  ia 
by  means  of  elliptical  retorts,  for  which  purpose  it  would  be 
diftcQlt  to  find  a  better.    The  elliptical  retort  oonbloes  in  It 
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the  durability  of  the  cjliodrical  one,  with  the  adTantages 
obtained  by  exposing  the  coal  thinly  to  the  action  of  heat  upon 
a  large  nurface,  and  therefore,  when  it  is  used,  the  process  will 
be  accomplished  in  abont  four  hoars.  Upon  retorts  of  this 
description  I  have  had  opportunities  of  making  observations, 
the  result  of  which  leads  me  to  pronounce  such  well  adapted 
for  promoting  the  interests  of  the  manufacturer.  Five  ellip- 
tical retorts  are  capable  of  carbonizing  forty-five  bushels  of 
coal  per  diem^  and  of  generating  from  that  quantity  of  coal 
about  seventeen  thousand  cubic  feet  of  gas,  or  at  the  rate  of 
fourteen  thousand  cubic  feet  per  chaldron.  From  one  chaldron 
of  coal,  when  elliptical  retorts  are  used,  will  be  produced  a 
chaldron  and  a  half  of  saleable  coke.  The  elliptical  retorts  on 
which  my  observations  were  made,  were  set  five  to  one  fire, 
and  so  well  was  the  heat  disposed  of,  that  from  one  end  to  the 
other  they  remained,  whilst  in  action,  at  a  bright  cherry  red- 
ness ;  being  kept  so  night  and  day  for  more  than  ninety  days, 
they  were  not  much  injured, — ^from  their  appearance,  there 
could  be  little  doubt  but  they  would  remain  serviceable  nearly 
twelve  months.  They  were  charged  and  drawn  in  the  usual 
way  ;  but  notwithstanding  the  charging  and  drawing  was  more 
Arequent,  the  stokers  found  it  more  easy  to  work  them  than  a 
Kke  number  of  cylindrical  retorts.  Their  shape  allowed  room 
to  rake  out  the  coke  more  rapidly  than  could  be  done  from 
those  of  a  cylindrical  form,  and  the  coke  not  being  so  compact 
when  produced  in  the  elliptical  retort,  required  considerably 
less  labour  to  clear  it  from  thence.  It  would  be  no  exaggera- 
tion to  state  the  results  arising  from  the  use  of  these  retorts, 
to  bear  similar  proportions  of  advantage  over  the  cylindrical 
ones,  to  those  stated  when  speaking  above  of  semicircular- 
shaped  retorts. 

The  annual  expense  of  cylindrical  retorts,  when  worked  at 
eight  hours*  charges,  together  with  the  wear  and  tear  of  grate- 
bars,  is  stated  to  be  £2360,  when  worked  to  produce  44,508.684 
cubic  feet  of  gas.  When  elliptical  retorts  are  used,  one  retort 
will  remain  in  a  sound  working  state  about  twelve  months;  if, 
therefore,  we  calculate  the  expense  of  elliptical  retorts,  with 
their  appendages,  for  one  year,  and  compare  the  various  results 
together,  we  shall  find  how  far  they  are  advantageous : — 

By  using  elliptical  retorts,  worked  at  the  four-hours'  pro- 
cess, it  would  require  about  forty  retorts  to  be  kept  constantly 
at  work  to  produce  857,667  cubic  feet  of  gas  per  week, — such 
retorts  so  worked  would  remain  serviceable  twelve  months, 
consequently  there  would  be  but  forty  burnt  out  in  a  year, — 
the  cost  of  replacing  each  being  £18,  amounts  to  . . .  .£720  0  0 
Wear  and  tear  of  grate-bars, 60  0  0 

£780  0  0 


Expense  of  cylindrical  retorts,  &c.  for  one  year,  when  worked 
■t  the  eight-hours*  process,  so  as  to  obtain  44,598,684  cubic 

feet  of  gas,  is £2360  0  0 

Elliptical  retorts  as  above, 780  0  0 

Balance  in  favour  of  the  elliptical  retorts, £1580  0  0 

Annual  balance  in  favour  of  working  elliptical  retorts  as 
above  described,  over  cylindrical  ones  at  eight  hours'  charges, 
as  far  as  relates  to  coals,  products,  and  labour,  . .  •  .£1135  1  3^ 

Ditto,  as  far  as  relates  to  the  wear  and  tear  of 
retorts,  grate-bars,  &c 1580  0  0 

The  sum £2715  1  3| 

is  the  total  annual  balance. 

The  annual  balance  in  favour  of  working  cylindrical  retorts 
at  eight  hours'  charges  over  charges  of  six  hours,  when 
required  to  generate  by  either,  44,508,664  cubic  feet  of  gas  in  a 

year,  was  stated  to  be £5511  16  10 

Therefore,  if  to  this  we  add  the  balance  as 
above  in  favonr  of  elliptical  retorts, 2715    8    3| 

we  have £8226  18    U 

javed  in  one  year  by  using  elliptical  retorts,  in  preference  to 
earbooising  with  cylindrical  ones,  let  them  be  set  as  they  may, 
if  worked  at  six-hours'  charges,  with  a  bushel  and  a  half  of 
c^*U  to  each  as  an  average  charge. 


Hydraulic  Mains  and  Dip  Pipes. — By  the  term  *'  HydnmUe 
Main,"  as  used  in  the  gas-light  estabUshmenta,  is  anderstood 
that  cast-iron  pipe  which  is  supported  by  columns  in  front  of 
the  brick  work  enclosing  the  retorts.  It  is  so  situated,  as  to 
lie  parallel  to  the  top  of  that  brick  work,  at  a  distance  of  from 
twenty  inches  to  two  feet  from  it.  Its  use  is  to  receive  the 
**  Dip  Pipes,''  through  which  the  gas,  as  it  is  evolved  from  the 
retort,  passes,  together  with  the  other  products,  on  its  way  to 
the  condensing  main,  or  to  the  vessel  employed  foi  condensa- 
tion, as  the  case  may  be.  The  diameter  of  the  hydraulic  main 
is  various  in  different  establishments ;  in  some  it  is  ten  inches, 
in  others  twelve  or  fourteen.  In  works  where  not  more  than 
from  forty  to  sixty  cylindrical  retorts,  six  feet  and  a  half  long, 
and  one  in  diameter,  are  set  in  one  retort-house,  a  diameter  of 
twelve  inches  will  be  sufficient.  It  is  generally  constructed  of 
flanch  pipes,  in  lengths  of  nine  feet  each.  One  end  of  it  if 
closed  by  a  blank  flanch  so  as  to  be  perfectly  air-tight,  tl 
other  has  a  semiflanch  placed  across  it,  of  sufficient  height  to 
prevent  the  liquid  introduced  into  the  main  from  sinking  below 
a  certain  level ; — it  is  of  advantage,  that  similar  semiflanches 
be  placed  between  every  length  of  pipe  forming  the  hydraolie 
main.  These  flanches  should  rise  two  inches  and  a  half  above 
the  line  of  the  bottom  of  the  dip-pipes ;  by  such  means,  the 
gas,  as  it  is  discharged  from  the  retort,  will  always  have  to  pass 
through  such  depth  of  fluid,  before  it  can  enter  into  the  hydrao. 
lie  main. 

The  use  of  the  hydraulic  main,  as  has  been  already  stated, 
being  for  receiving  the  dip-pipes,  we  are  to  consider  what  end 
they  may  be  intended  to  answer. 

A  section  of  the  hydraulic  main,  with  the  most  approved 
dip-pipe,  is  given  in  the  Plate,  fig.  2.  The  dip-pipe  is  ahoat 
two  feet  in  length,  and  three  inches  diameter  inside ;  at  the  top 
is  a  socket  for  receiving  another  pipe  of  the  same  diameter. 
At  about  eight  inches  from  the  spicket-end  of  the  dip-pipe  is  a 
circular  saddle  of  about  nine  inches  diameter,  cast  to  the  radios 
of  the  exterior  surface  of  the  hydraulic  main.  This  main  bdog 
tapped  for  the  reception  of  such  a  number  of  dip-pipes  as  there 
are  retorts  to  work  into  it,  they  are  jointed  upon  it  by  means 
of  iron  cement  in  the  usual  way  ;  when  that  is  done,  it  is  eti- 
dent  that  the  range  of  the  spicket-end  of  these  pipes  will  equally 
descend,  and  of  course,  supposing  the  hydraulic  main  to  be 
placed  perfectly  level,  which  it  always  ought  to  be,  should  one 
of  them  be  immersed  two  inches  and  a  half  in  any  liquid  that 
it  may  contain,  each  one  of  the  range  will  be  so. 

Now,  when  it  is  considered,  that  if  there  were  not  some  con- 
trivance for  preventing  the  gas  returning  from  the  main  pipes 
towards  the  retorts,  when  the  mouth-pieces  are  removed  in  the 
operation  of  drawing,  either  by  stop-cocks  on  each  of  the  '*  gas 
conductors,"  or  other  means,  the  process  would  not  only  be 
very  wasteful,  but  extremely  hazardous ;  for,  as  the  gas  would 
be  passing  over  by  means  of  the  conducting  pipes  to  the 
hydraulic  main,  in  a  range  of  sixty  retorts,  from  fifty-two  of 
them,  whilst  eight  were  drawing,  it  would  follow  that  the  whole 
quantity  of  gas  then  generating  would  escape  at  the  mouths  of 
the  retorts  that  had  their  lids  taken  off*,  and  burst  forth  with 
such  a  flame  as  no  one  could  come  near ;  if  not  attended  with 
still  more  serious  consequences  by  the  admission  of  atmosphe- 
ric air,  which  might  cause  the  most  violent  explosion. 

The  necessity  of  means  i)eing  adopted  for  preventing  such 
things  happening,  is  obvious ;  and  a  more  simple,  and  at  the 
same  time  safe,  method  than  that  of  the  hydraulic  main  and 
dip -pipes  could  hardly  have  been  thought  of;  for,  had  stop- 
cocks been  used,  they  would  have  been  attended  with  consi- 
derable trouble,  and  always  liable  to  get  out  of  order,  so  much 
so,  that  no  dependence  could  be  placed  upon  them ;  for  the  tar 
and  ammoniacal  salts  would,  in  a  few  days,  so  clog  the  plugs 
as  to  render  them  immoveable.  If  the  pressure  upon  the 
hydraulic  main  from  the  purifying  vessel  be  greater  than  the 
distance  between  the  bend  of  the  H  pipe  and  the  spicket-end  of 
the  dip-pipe,  in  the  hydraulic  main,  the  gas,  after  having  once 
entered  that  main,  cannot  be  forced  back  to  the  retort. 

By  the  pressure  from  the  purifying  vessel,  is  to  be  under* 
stood,  the  depth  of  Lime  in  solution  through  which  the  gas, 
after  entering  it,  has  to  rise  through  before  it  can  escape  to  the 
gas-holder,  the  most  usual  depth  of  the  purifying  mixture 
through  which  the  gas  bubbles  up  in  purification  bcdng  tea 
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inchrji,  the  piirif>in|c  yreutcX  is  itid  to  be  worked  at  teD  inchc.i' 
prcKSiire.  The  !en)(th  of  the  dip-pipe  is  two  feet ;  from  the 
top  of  it  to  the  centre  of  the  bend  part  of  the  II  pipe,  about  six 
«)r  ciiehl  inches  more,  making:  altogether  about  two  feet  and  a 
half;  consequently,  before  the  pressure  in  the  lime  vessel  ran 
lie  of  sufficient  power  to  ftirce  back  the  pis  from  tlie  hydraulic 
main  thrnufrh  the  conduetinff  pipes  to  ibe  retorts  underpnin^ 
the  operatiriH  of  drawinyr,  it  would  require  to  be  three  limes 
Kreai«*r  than  what  the  vessel  is  usually  worked  at. 

The  main,  of  which  we  speak,  with  the  dip»plpes,  form  a 
series  of  hydraulic  joints,  than  which,  in  the  manunicture  of  so 
elaKtic  a  lluid  bm  coal-gras,  nothini^  could  be  so  well  adapted, — 
nothing  could  be  so  safe. 

Aceidrnts  have  been  heard  of,  occasioned  by  the  sas  in  the 
h>diaulic  main  explodiufi:,  and  forcini^  the  g^lans  from  the  top 
of  the  pines  perpendirular  thereto,  (usually  called  the  II  pipe, 
from  its  Kiinilarity  to  that  Roman  letter,)  but  such  accidents 
must  have  arisen  from  frreat  carelessness  on  the  part  of  the 
operator,  or  from  the  clof^f^inf;  up  of  the  unrifyinr  vessel. 

7'Ae  condentinff  Mainland  various  Methods  nf  Condensation,'^ 
The  f^as,  when  evolved,  beinfir  mixed  with  tar  and  ammoniacal 
fluid,  in  a  state  of  vapour,  which  pass  over  with  it  from  the 
retort  to  the  h>  drnulic  main,  it  becomes  necessary,  that,  ns  muck 
as  possible,  these  two  produ(*t.H  should  be  condensed  and  lodsred 
in  the  proper  receptarle  before  the  ^as  reaches  the  purif\inf[: 
vessel.  In  order  that  this  condensation  may  be  properly 
effected,  the  protlucts  generated  should  be  exposed  to  a  larfi;e 
surface  of  sunie  cold  body  on  their  passap^  to  the  purifier ;  by 
this  means  the  tar  and  ammoniacal  liouor  are  separated  in  a 
icreat  m(-n:«nri'  from  the  f;as.  and.  beinjr  of  so  much  greater 
dennit;. .  fail  to  the  bottom  of  the  pipes,  and  drain  from  thence 
to  the  voAsrls  appropriated  for  their  reception.  The  f^as  is  also 
ro(»lrd.  and  made  much  more  fit  for  the  lime  to  act  upon  than  if 
it  wr>r«>  bri»u{:ht  directly  from  the  hydraulic  main  to  the  lime 
vessel  in  a  hot  state ;  for,  whenever  it  is  so.  it  is  imprcf^nated 
with  the  tar  and  ol«*airinous  particles,  which  very  soon  render 
the  purif\iii!;  mixture  U4cless.  The  consequence  follow  ini;;  is, 
that  a  tiiurh  ^Teater  portion  of  lime  will  be  required  for  the 
purif\iiii;  pmeeHH,  or  otherwise  that  the  gas  will  pass  throufch 
the  lime  vessel  into  the  f^as-holder,  without  being  acted  upon. 
The  UM*  of  impure  gas  ought,  on  all  occasions,  to  be  avoided, 
for  whenever  it  is  uited.  it  is  almost  impossible  to  obtain  a 
good  lisht ;  when  it  is  submitted  to  combustion  it  is  smoky, 
and  emits  a  disagreeable  odour  :  the  plugs  of  the  stop-cocks 
on  the  fittings  in  houses  become  choked  up  with  tar,  which, 
however  surpiising  the  case  may  be,  has  been  found  in  situa- 
tions Ht  a  mile  and  a  half  distant  from  the  manufnctorv.  after 
bavin?  passed  through  various  pipes  of  different  sices  and  at 
different  levels. 

Experience  having  tausrht  the  manufacturer  the  necessity  of 
attending  to  the  subject  ofcondcnsnticm,  he,  of  course,  adopted 
soih  means  as  he  considered  most  atlvi^ahle  for  accomplishing 
it.  In  some  m-tnufaetorics  it  was  thought  that  the  iras  would  he 
suflirif-ntly  condensed,  from  its  being  convey  cd  from  the  h\  druu- 
lir  main  by  a  pipe  laid  in  a  direct  line  from  the  retort-house  to 
tbr  piiritier  -in  others,  the  gas  was  conveyed  to  the  lime-vessel 
throuuh  u  worm-pipe  placed  in  the  tank  of  the  cas-holder — and 
airain.  in  others,  by  a  range  of  pipes  laid  parallel  to  each  other 
at  a  considerate  depth,  and  with  a  certain  declivity  from  one 
end  of  the  works  to  the  other; — whilst  some,  in  addition  to 
these  contrivances,  proposed  a  tank,  into  whii-h  the  rani^e  of 
pipes,  as  last  specified,  should  convey  the  gas  at  the  bolioni. 
and  by  means  of  a  contrivance  something  similar  to  the  shower- 
b.ith,  have  it  washed  there  before  it  could  make  its  exit  towards 
the  purifier.  Most,  if  not  all.  of  these  modes,  have  been  tried 
by  different  operators,  and  have  been  found  mure  or  less 
efrerti*e. 

Malam's  condenser  is  also  a  square  east-iron  vessel,  about 
nine  feet  Ion;,  five  wide,  and  four  deep.  Into  this  vessel 
arc  introduced  plates  at  the  distance  of  from  six  to  eight  inches 
frtmi  each  other,  with  raised  edges  of  about  three  inches  in 
IteiLilil :  these  arc  boiled  to  the  sides  of  the  vessel,  and  are  per- 
fectl>  parallel  to  each  other;  they  are  in  len:;th  about  eight 
ft  et  six  inches,  so  that  being  secured  to  the  sides  of  the  vessel 
and  one  end  of  it.  the  other  end  will  be  at  the  distance  of  about 
six  inches  from  that  end  of  the  vessel  to  which  it  is  contigaons. 
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The  lowermost  of  these  plates  being  eonneeted  to  one  end  of  the 
vessel,  the  next  plate  above  it  will  be  connected  at  the  end 
opposite  thereto— the  third  plate  the  same  as  the  first— the 
fourth  as  the  second,  and  soon  alternately  till  all  the  plates  are 
fixeii.  This  l»eing  done  preparatory  lo  bringing  the  condensing 
vessel  into  action,  water  is  introduced  at  the  top,  which  filling 
the  uppermost  shelf  to  the  height  which  the  projecting  part  of 
it  allows,  it  runs  over  and  fills  the  second,  from  thence  the 
third  is  filled,  and  so  on  till  the  whole  range  Is  so.  From  con- 
sidering this  matter,  it  is  evident,  that  if  the  entrance  pipe  be  at 
the  bottom  of  the  vessel  to  the  right,  should  gas  be  introduced 
there  by  means  of  it,  it  will  pass  over  a  sheet  of  water  equal  to 
the  area  of  the  lower  shelf,  and  as  the  next  shelf  above  ap- 
proaches no  nearer  than  six  inches  to  the  end  towards  the  left, 
11  will  by  that  opening  rise  above  it  and  pass  towards  the  right, 
where  it  will  find  an  opening  from  the  third  shelf,  and  so  it  will 
pass  alternately  to  right  anil  left  till  it  reaches  the  exit-pipe 
placed  at  the  top  of  the  vessel.  The  eondensible  pioducts  are 
carried  from  the  respective  shelves  by  means  of  small  bends 
projecting  from  one  end  of  this  vessel ;  but  ns  I  am  of  opinion 
It  will  be  likely  to  answer  the  purpose  of  the  manufacturer  both 
as  relates  to  its  first  cost,  durability,  and  action,  I  shall 
describe  a  condensing  vessel  of  this  kind,  capable  of  performing 
w  hat  is  required,  whereabout  100,4HNI  cubic  feet  of  gas  arc  gene- 
rated daily. 

The  condenser  we  have  just  described,  has  undergone  several 
alterations ;  we  therefore  shall  proceed  to  describe  Malam's  im- 
proved condensing  vessel,  as  exhibited  in  the  Plate.  A  II C  D, 
fig.  I.  is  a  lnnp:itudinal  section  of  this  condenser.  The  vessel  is 
a  parallclopipedon  made  of  cast-iron  plates,  supported  upon  a 
bed  of  brickwork.  At  about  one  foot  from  the  bottom  is  a 
ranue  of  plates,  aaaa,  together  of  the  same  dimensions  there- 
with, which  arc  jointed  to  the  side  of  the  vessel.  Upon  these 
stand  a  row  of  plates  of  the  same  material,  one  of  which  is 
shewn,  as  at  E.  Their  bases  occupy  such  situation  as  is  ex- 
pressed in  the  plan  A  U  C  U,  fig.  *2.  of  the  hydraulic  main.  In 
that  plan,  the  pipe  which  conve)s  the  gas  into  the  condenser  is 
shewn  at  K ;  having  there  entered,  it  passes  between  the  up- 
ri);ht  plates  in  the  direction  of  the  arrows  till  it  reaches  the 
exit-pipe  F,  and  that  pip<>  leads  to  the  purifying  apparatus. 
Il  is  to  be  noticed,  that  these  upright  plates  do  not  rise  to  the 
top  of  the  condenser— tliere  is  a  space  of  about  six  inches  left 
between  it  and  the  plate  which  fits  over  them.  The  entrance 
and  exit-pipes  B  and  F  are  placed  about  a  foot  from  the  top  of 
the  vessel,  as  .shewn  in  the  transverse  section,  fig.  3.  The  range 
of  cast-iron  plates, ««««,  in  the  hydraulic  main  mentioned 
above,  do  not  lie  perfectly  horisimtal,  but  with  a  small 
declivity  to  the  right,  by  which  arrangement  the  eondensible 
matter  drains  towards  the  openincs  a  be,  fig.  2,  and  thence  by 
the  pipe  «.  shewn  in  the  figure  of  Mr.  Malam's  condenser,  and 
a&c.  fig.  3,  i»  discharged  into  the  receptacle  K.  which  rnns 
across  the  vessel,  and  is  filled  with  water  for  the  pipes  to  dip 
in.  and  form  an  hydraulic  joint.  It  follows,  therefore,  that  as 
the  eondensible  products  accumulate,  they  overflow  the  parti- 
tion which  forms  the  part  F,  and  run  into  the  chamber  O,  from 
whence,  when  it  is  iieeosary.  tbe\  are  drawn  oil  by  the  cock  II, 
in  the  two  figures  of  the  hydraulic  main,  and  the  condenser. 

\  K  C  l>.  fig.  *2.  is  a  plan  of  this  condenser,  the  arrangement 
of  which  is  already  described  :  and  fig.  3  is  a  tran:< verse  section 
of  the  same  \essel.  The  following  are  different  sections  of  the 
condenser,  tor  which  Mr.  Perks  obtained  a  patent : — The  firkt 
figure  is  a  plan  of  the  tup.  shewing  the  situation  of  the  l>end- 
pipes.  Ke.  Fig.  'i.  is  a  plan  of  the  underside  of  the  plate,  on 
which  the  upright  pipes  are  supported,  shewing  the  openings 
into  the  lower  chambers,  and  the  position  of  the  upright 
partitions. 

Fig.  I.  in  the  next  page,  is  a  side  view  (in  elevation)  of  the 
vessel,  the  side  plates  being  supposed  to  he  removed.  The  pipe 
and  bend  beneath  are  fur  carrying  off  the  condensations.  The 
dotted  line  shews  the  height  at  which  the  lluid  will  be  con- 
stantl>  kept  in  the  \essel.  An  opening  is  made,  or  left  at  the 
bottom  of  each  partition,  which  allows  the  condensed  matter  to 
flt)w  from  one  to  another,  and  to  be  carried  off  by  the  pipe. 
Fig.  2,  is  an  end  view  of  the  vessel,  (in  elevation)  the  plate 
being  supposed  to  be  removed. 

In  considering  the  merits  of  cither  of  these  vessels,  the  uMit 
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strikioK  are  Ihcfaoilitjr  with  which  nay  obitrnctioii  to  their 
opcrstioo  may  be  removed,  and  the  Tery  efficient  meani 
theyaRbrd  for  aniweriog  Ihe  purpose  of  the  manafacttirer,  aa 
far  Bi  relates  to  the  gea  ge aerated,  being  well  coDdenied  before 
it  ia  brought  to  the  purifyine  apparatas.  We  have  already 
■taled  the  dislaoce  which  the  gas  would  have  to  travel  io 
pRising  throogh  a  coadenser  cODslrDCled  on  Perks'^  prin- 
ciple ;  aad,  when  we  coDsider  that  the  pipes  therein  are 
alwajra  (Drronndcd  by  cold  water,  we  can  hardly  doubt  of  its 
Ffff.  1.  Fig-  2. 


effect.  In  his  tosbcI  the  bends  at  the  top  are  easily  removed 
ia  the  event  of  any  obstroction  presenting  itself,  and  by  forcing 
down  each  of  the  pipes  a  rod  for  the  purpose,  the  passage  is 
cleared.  As  there  is  a  safficieal  opeutng  lelt  at  the  bottom  of 
each  of  the  paititjons  in  the  lower  TesseUtheobstrneting  matter 
can  he  withdrawn  from  thence.  In  Malam's  condenser  the  lop 
can  be  Temoved,  and  after  it  is  so,  the  cast-iron  plate  which 
rests  upon  the  upright  ones  can  be  withdrawn  also :  to  that  the 
operator  has  it  in  bis  power,  by  drawing  an  instrament  made 
for  the  purpose  between  the  plates,  (for  the  passage  of  the  gas) 
to  clear  them  ont,  and  lo  open  the  holes  throo|;h  which  the  con- 
deniatiooa  descend  into  the  lower  charaber.  II  would  appear 
that  Halam,  in  the  constrnclion  ofhii  latter  vessel,  as  well  as  the 
former,  had  coniidered,  when  gas  passes  through  circular  pipes, 
that  which  it  near  the  centre  would  be  little,  if  at  all,  acted 
npoo  by  the  cold  medinm  surrounding  them ;  and  he  hat 
therefore  compensated  for  that  defect  by  causing  the  gas  to 

E resent  itself  in  such  thin  sheets  as  cannot  fail  lo  be  alTected 
f  the  coldness  of  the  adjoining  surfaces  j  thus  giving  a  greater 
probability  to  the  condensation  being  well  performed.  The 
present  form  of  the  hydraulic,  in  its  most  improved  state,  is 
that  of  a  semioirculu  pipe,  having  rovers  or  doors  that  can  he 
nmored  at  pleasure,  and  to  which  the  pipes  from  the  retorts 
mre  conoecled.  This  main  contains  a  quantity  of  tar,  into 
which  the  pipes  from  the  retorts  immerse  a  few  inches.  The 
tar  thereby  aota  nsa  valve  to  prevent  the  return  of  gas  into  the 
retorts  while  in  (he  aot  of  charging.  Formerly,  the  main  con- 
sisted of  a  square  chest  for  each  retort,  placed  below,  which 
raneived  the  di|>-pipes  in  the  same  manner  a*  the  others,  with 
pipes  communicating  between  each  chest ;  but  from  its  near 
dtnstion  to  the  retort,  the  tar  being  continually  impregnated 
with  hot  gas,  hardened  into  pitch,  and  choked  up  the  passage. 
7rom  the  difficulty  of  removing  these  obstmctions,  and  the  dan- 
KCr  attending  them,  this  sort  of  hydraulic  main  has  been  given 
ap,  aod  the  form  referred  to  sobstituted  in  its  Head. 


From  theee  diSlenllies,  and  other  oonsideratlont  oToMraf- 
ence,  the  hydraulic  main  in  the  several  worfcs  in  Ei^and,  as 
well  at  in  the  works  here,  is  now  elevated  a  few  feel  above  the 
range  of  the  retorts,  so  that  the  gas,  instead  of  a  downward 
direction  which  it  formerly  took,  ascends  into  this  as  a 
reservoir,  by  means  of  which  the  lar,  in  a  slate  ofvapoar.  ii 
longer  detained  in  the  retort ;  and,  in  a  considerable  d^iee, 
(compared  to  what  took  place  formerly,)  is  decomposed  iaia 
gas.  In  the  alteration  of  the  construction  of  the  works  here  ef 
late,  as  well  as  in  those  lately  fitted  up  by  me  at  Kilmarnock, 
we  have  not  only  taken  advantage  of  this  vertical  eleratioB  «f 
the  hydraulic,  but  have  also,  hj  the  peculiar  eonstmctioa  of 
the  roof,  set  off  the  hydraulic  at  eight  or  ten  feet  distance  Inm 
the  retort,  in  a  horizontal  direction,  by  means  of  which  its  eoft- 
nexion  with  the  retort  is  at  a  distance  of  about  sixteen  feet; 
the  union  pipes  forming  in  one  line  a  vertical  direction,  aad 
in  the  others  line  iocliniug  upwards  to  the  hydraulic,  intowUek 
Ibey  dip.  By  this  lengthened  elevated  line,  the  tar  in  n  eosii- 
derahle  degree  deposits  itself,  and  returns  to  the  retort  to  be 
decomposed  anew.  This  mode  of  arrangement  in  tbe6ttiDgop 
of  the  hydranlic  has  also  the  advantage  of  a  freo  circnlatioB  M 
the  surrounding  air,  by  which  means  it  forms  in  some  degree  a 
refrigeratory  for  cooling  the  gas,  and  thereby  depositing  aevetal 
heterogeneous  particles  of  tar  and  ammonia  that  were  sliU  held 
in  a  state  of  vapour.  It  has  also  the  convenicoce  of  bdaf 
easily  got  at  to  remove  any  obstruction  that  may  generate  n 
this  part  of  the  apparatus. 

Apparatiu  for  theuring  the  exact  Quanh'lji  of  Tar  and  Ammt- 
wiaeal  Liquor  prodlKedfrom  a  givm  Quanlitj  of  Coal.^-To  obllia 
a  correct  accoant  of  these  products.  Peckston  construoted  ■ 
table  for  shewing  the  exact  number  of  ale  gallons  contained  ia 
the  tar-«istem  at  every  inch  dip;  the  application  of  whick 
shall  be  shewn  after  describing  the  apparatus  attached  to  Oe 
cistern.  Considering  that  the  tpecilic  gravities  of  tar  aad 
aromoniacal  liquor  were  different,  and  that  a  body  which  wooM 
sink  in  the  latter  wonld  swim  upon  the  surface  of  the  fomer, 
he  proposed  that  two  Boats  should  be  made,  and  attached  t* 
rods  for  shewing  the  respective  heights  to  which  each  prodoct 
rose  in  Ihe  cistern.  In  the  annexed  figure,  A  B  C  D,  is  a  sec- 
tion of  the  tar-cistern,  a  h,  surface  of  ihe  lar.  c  d,  sntAwe  ef 
E,  a  float  of  sound  dry  oak,  twdvs 
a  small  rod  of  ittaad 


the  ammoniacal  liquor, 
inches  aquaro,  and 
three  inches  thick, 
(the  spf'cilic  gravity 
of  which  being  greater 
than  that  uf  ammo- 
nincal  liquor,  will  i!is- 

filacc  its  bulk  of  that 
iquor  and  re.it  upon 
the  surface  of  tlie  lar.) 
lo  which  is  fixed  (U) 


i.      i 


a  with  a  light  indM 
at  the  top  for  poinlilg 
out  the  height  oftbt 
tar  in  the  cifUrn 
agninsi  the  gradunled 
rod  I.  F,  a  fioal  of 
cork  swimming  dp  ttt 
surface  of  the  aniiri^- 
niacal    liquor,   Eiicd 


with  a  rod  H.  and  an  index  for  shewing  on  the  gradnated  rod 
K  the  number  of  feet  and  inches  the  surface  of  that  fluid  it  dis- 
tant from  the  bottom  of  the  cistern.    The  diOercnoe  between 
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the  heig:htii.  »s  pointed  oat  by  the  indexes  on  the  fcr^daated 
rods  I  and  K,  is  tbe  fret  and  inches  of  ammoniacnl  liquor  in 
the  vessri.  e  and/  are  two  raised  openinfcs  on  the  upper  plata 
of  the  vesiiel.  of  about  five  or  six  inches  in  hciicbt,  through 
mhlvU  the  rods  G  and  H  slide  up  and  down,  liy  this  con- 
irivancr  they  are  steadied  and  always  kept  in  a  vertical  posi- 
tiou.  This  description  of  apparatus  will  answer  for  any  tar- 
cistern  ;  but  as  that  vessel  may  be  of  different  dimensions  in 
different  cotablishments,  the  table  for  use  must  be  calculated 
accord  in  j(ly. 

Apflicmtion  of  the  TmUe, — Example.  The  index  of  the  rod  G 
pointinfc  to  two  feet  six  inches  on  the  icf&duated  rod  I:  required 
the  number  of  millions  of  tar  answerinic  thereto  f  Look  for  two 
feet  in  the  side  column,  and  run  your  eye  alonyr  the  line  till 
you  come  under  six  inches  in  the  top  one ;  you  will  there  find 
3^WO  the  number  of  {gallons  sought 

To  Jind  the  Galiont  of  Amnumiacml  /[.i^iMr.— Subtract  the 
height  pointed  out  by  the  rod  G  from  that  shewn  by  the  rod  H, 
and  with  the  remainder  enter  the  table  as  above  directed  ;  and 
you  will  find  what  number  of  gallons  of  ammoniacal  liquor  are 
in  the  cistern. 

Ermmple,  Tbe  rod  G  stands  at  two  feet  six  inches,  the  rod 
H  at  four  feet ;  what  number  of  gallons  of  ammoniacal  liquor 

Ft.    In.    Ft.     la.       Vt.     la. 

are  there  in  tbe  cistern  ?  4  :  0 — 2  :  6  =  1  :  G,  opposite  to 
which,  in  tbe  table,  find  1,848,  and  such  is  the  number  of  gal- 
Jons  of  ammoniacal  liquor  in  the  cistern. 

Pwrififing  VesseUj  mnd  tkt  best  Mode  of  Purifying  Coml-Got. — 
During  the  process  of  decomposing  coals  in  close  vessels,  it  is 
found,  that,  on  their  being  heated  to  a  certain  degrct;,  a  part  of 
the  carbon  of  which  they  are  formed  unites  with  part  of  the 
ox V gen,  and  produces  carbonic  acid :  this,  by  means  of  caloric, 
is  formed  into  carbonic  acid  gas.  Whilst  this  process  is  going 
on,  a  pait  of  the  hydrogen  of  the  coal  is  combined  with  another 
portion  of  carbon  and  caloric,  which  forms  carboretted  hydrogen 
gas.  Olefiant  gas,  carbonic  oxide,  hydrogen  and  sulphuretted 
hydrogen,  are  also  produced.  According  as  the  component 
parts  of  the  coal  submitted  to  distillation  varies,  so  will  the 
qnaotities  of  these  products  vary  also. 

When  the  gas  produced  from  coal  is  burnt  without  being 
purified,  (that  is,  deprived  of  the  sulphuretted  hydrogen  and 
carbonic  acid  gas  which  it  contains,)  or  if  it  be  not  properly 
pnrified,  it  throws  out  sparks  and  produces  a  sulphureous 
mcid,  owing  to  the  oxygen  of  the  air  uniting  with  the  sulphur 
burnt  with  the  gas.  Such  gas  sends  forth  a  suffocating  odour, 
that  is  not  only  highly  offensive,  but  injurious  to  health.  Its 
levity  carries  it  to  the  uppeimost  part  of  the  room  where  it  is 
burnt,  and  there  it  is  easily  perceived.  It  tarni&hes  all  metallic 
substances,  and  discolours  paintings  wherever  metallic  oxides 
Dav  have  been  used  in  their  execution. 

The  general  way  of  freeing  it  from  sulphuretted  hydrogen 
and  carbonic  acid,  and  rendering  it  fit  for  use,  hitherto  adopted, 
has  been  by  passing  it  through  a  solution  of  lime  and  water  of 
the  consistence  of  cream.  It  may  also  be  purified  by  passing 
it  through  \eiy  dilute  solutions  of  suharctate  of  lead,  green 
aulphate  of  iron,  or  hyperoxymuriate  of  lime.  For  the  purifi- 
cation of  coal-gas.  when  it  is  manufartured  in  the  laige  way, 
various  methods  have  been  adopted.  The  following  are  those 
Biost  noticed: — 1st,  By  passing  it  thiough  lime  in  solution; 
9d,  By  allowing  it  to  be  acted  upon  by  lime  in  a  scmi-fiuid 
state ;  3d,  By  passing  it  through  dry  lime ;  and,  4th,  By  pass- 
ing it  through  red*bot  tubes  into  which  are  introduced  clip- 
oings  of  iron. 

Tbe  best  arrangement  for  these  vessels  which  has  fallen 
under  my  notice,  as  well  as  the  construction  of  the  purifier 
itself,  was  effected  by  Mr.  Malani,  of  the  Westminster  gas 
works.  A  BC  D,  fig.  1,  (see  the  Plate,)  is  a  vertical  section 
of  the  treble  purifier,  placed  upon  a  foundation  of  brirk-work  ; 
and  fig.  2  of  the  same  Plate,  is  a  plan  thereof.  E  E,  F  F,  G  O, 
^t^.  1,  are  sections  of  the  three  interior  chambers,  bolted  to  the 
tops  of  their  respective  vessels  by  the  flanches  expressed  in 
the  Plate.  It  will  be  observed,  that  the  bottoms  of  these  ves- 
sels branch  out  with  a  kind  of  flanch,  by  which  means  the  gas 
h  acted  upon  by  a  greater  proportion  of  the  purifying  mixture 
than  if  the  vertical  sides  of  it  fell  in  a  perpeodinular  line.  H  H 
u  the  axis  on  which  the  agitalor  II  is  fixed.    KKK  are  three 


evlindrieal  vessels  for  the  purpose  of  charging  the  respective 
vesiels  into  which  tlie  purifying  mixture  is  introduced  by  the 
bends  L  L  L.  M  M  M  are  the  pipe*  which  convey  the  gas  into 
the  interior  chamber.  N  is  the  pipe  which  eonvcys  the  pori 
fied  gas  to  tbe  reservoir  after  it  has  passed  through  the  series 
of  vessels.  O — the  feed-pipe  for  bringing  the  purif>ing  mix- 
ture from  the  vessel  where  it  is  prepared  into  the  purifiing 
apparatus.  P  P  P  exhibit  the  openings  near  the  bottoms  of 
the  c3lindrical  vessels  K  K  K,  for  emptying  the  respective  ves* 
sels.  whirh  is  effected  by  the  slide-cocks  Q  Q  Q.  In  the  figure, 
the  height  to  which  the  purifying  mixture  rises,  is  shewn  in  the 
two  lower  vessels;  but  the  upper  one  is  not  charged.  Tbe 
agitators  are  drawn  by  hand  in  the  same  way  as  has  been 
already  described  when  speaking  of  the  single  purifiers.  When 
this  purifier  is  first  brought  into  action,  the  purifying  mixture 
is  turned  into  the  uppermost  vessel  K,  from  whence  it  enters 
into  the  uppermost  purifier  by  the  liend  L,  till  it  rises  to  the 
height  of  tbe  uppermost  edge  of  the  vessel  K.  When  such  is 
the  case,  by  opening  the  uppermost  of  the  slide-cocks  Q,  that 
charge  is  emptied  from  the  first  into  the  second  ressel,  whirh 
being  done,  the  uppermost  purifier  is  again  charged.  The 
middle  eock  Q  is  then  opened,  which  allows  the  charge  in  the 
second  purifier  to  enter  into  the  lowermost  one,  and  whilst  this 
is  performing,  that  in  the  uppermost  one  is  emptied  into  the 
second.  The  mixture  is  at  the  same  time  entering  into  the 
uppermost '«one,  which  is  known  to  be  properly  charged,  when 
the  mixture  rises  to  the  top  of  its  supplying  vessel  K.  This 
being  performed,  the  gas  in  its  crude  state  is  allowed  to  enter 
into  the  interior  chamber  of  the  lowermost  purifying  vessel  by 
the  pipe  M,  which  being  filled,  it  blows  underneath  the  flanch 
part  of  it  into  tbe  outer  part  of  that  vessel  which  is  unoccupied 
by  the  purifying  mixture:  from  thence,  by  the  next  pipe  M.  it 
is  conveyed  into  the  interior  chamber  of  the  middle  purifier, 
where  tbe  action  is  the  same  as  in  the  lower  one*;  and  thence, 
by  the  uppermost  pipe  M.  it  is  conveyed  into  the  highest  ves- 
sel, where  havinr  again  undergone  the  purifying  process,  it  is 
allowed  to  enter  the  gas-holder  hy  the  pipe  N. 

On  examining  the  Plate,  it  must  appear  obvious  that  the 
gas  enters  into  the  lowermost  purifier  in  its  most  crude  state ; 
where,  having  been  acted  upon,  it  rises  into  the  second  in  a 
purer  state,  and  from  thence  into  the  top  one.  Under  such 
circumstances,  it  follows,  that  the  charge  in  the  lowermoiit 
vessel  is  rendered  useless  first:  on  its  being  so.  it  is  turned  off 
by  opening  the  bottom  cock  Q  ;  whilst  this  is  performing,  thu 
gas  generated  has  to  pass  through  two  vessels  before  it  can 
enter  into  the  gas-holder :  hut,  in  the  single  puriGcr  during  the 
time  of  charging,  the  gas  passes  into  the  gas-bolder  in  an  im- 
pure state,  thus,  by  mixture  with  the  pure  gas,  deteriorating 
its  quality.  The  bottom  purilier  being  emptied,  tbe  mixture  in 
the  second  is  turned  into  it,  and  that  of  the  top  into  the  second, 
when  the  top  one  is  recharged.  The  lowermost  vessel  then 
always  contains  the  mixture  which  has  been  roost  acted  upon 
bv  the  gas.  By  the  vessels  being  placed  in  this  way,  a  oon- 
Siderable  saving  in  the  expense  of  erecting  them  is  effected : 
for,  the  top  of  the  lowermost  vessel  answers  as  a  bottom  to  the 
second,  whilst  the  top  of  the  middle  vessel  is  the  bottom  of  tbe 
upper  one.  The  saving  is  not  there  alone ;  for.  if  the  vessels 
were  placed  separately,  they  would  require  to  be  fitted  with  a 
number  of  valves  and  connexions,  under  this  arrangement 
altocether  unnecessary. 

Where  the  manufacturer  has  plenty  of  room  on  his  premises 
for  erecting  a  series  of  sinxle  purifying  vessels,  the  extra 
expenies  arising  from  the  adoption  of  such  plan  not  only  con- 
sists in  the  first  cost,  but  afterwards  also,  hy  requiring  a  mau 
to  work  the  agitators  of  each  vessel ;  consequently,  when  three 
vessels  were  used,  three  men  would  be  required  fur  the  pur- 
pose, whilst  in  Malam*s  purifier  one  man  with  ease  works  tho 
three  sets  of  agitators.  His  arrangement  possesses  another 
capiUl  advantage*  for  in  most  large  towns  where  coal-gas 
manufactories  are  esUblished,  it  is  of  considerable  importance 
to  save  room,  and  nothing  can  be  better  adapted  for  doing  so 
than  his  triple  purifier. 

A  node  of  purification,  differing  in  principle  and  practice 

from  that  we  have  mentioned,  is  by  earning  the  crude  gas  to 

pass  through  retorts  of  a  particular  description,  worked  at  a 

I  red  heat  just  visible  by  dayJight    Mr.  G.  U.  Palmer  obtaioed 
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a  pJEitent  for  thi&^ifeiTeiition.  Fig.  3,  in  the  Plate,  represents  a 
loDpritudinal  section  of  Palmer's  purifier^  and  fig.  4,  a  front 
idew  of  the  same,  with  the  mouths  of  the  upper  purifier  closed, 
and  the  lower  one  open.  This  purifier  is  constructed  of  cast* 
iron,  and  it  is  set  in  brick-work  under  such  an  arrangement  as 
admits  of  its  being  heated  to  the  temperature  required.  In  the 
Plate  JQst  referred  to  there  are  two  purifiers  heated  by  one  fire. 
In  no  establishment  can  the  process  be  carried  on  with  a  less 
Bumber ;  in  large  works  it  would  not  only  require  the  magni- 
tude of  the  purifier  to  be  increased,  but  it  would  also  be  requi- 
site to  employ  a  greater  number  of  purifiers  also.  The  purifiers 
are  of  an  elliptical  shape,  and  each  one  is  divided  into  two 
equal  parts  by  a  vertical  partition,  which  runs  along  its  centre 
from  the  month-piece  to  within  a  few  inches  of  its  end.  The 
mouth-piece  is  double,  that  is,  it  admits  of  two  lids  being 
applied  to  it,  one  of  which  is  to  the  right  of  the  partition  we 
have  just  spoken  of,  and  the  other  to  the  left  The  lids  of 
these  month-pieces  are  secured  in  the  ordinary  way  by  means 
of  luting  and  cross-pieces.  As  it  is  intended  that  but  one  of 
these  purifiers  should  be  brought  into  action  at  one  time,  the 
apparatus  is  provided  with  the  double  mercurial  valve  A,  fig. 
6,  the  rod  of  which  being  attached  to  one  end  of  a  chain,  (run- 
ning over  a  pulley,)  at  the  other  end  sustaining  a  counter- 
balance weight,  the  gas  is  allowed  to  enter  into  the  upper  or 
lower  purifier  as  occasion  may  require ;  the  valve  being  so 
contrived,  that  when  the  crude  gas  is  admitted  through  it  into 
one  purifier,  it  is  effectually  excluded  from  the  other.  It  is  of 
considerable  importance  to  the  purification  of  gas  by  this  mode, 
as  well  as  every  other,  that  it  should  have  effectually  under- 
gone the  process  of  condensation,  and  as  the  admission  of  any 
of  the  condensible  products  into  the  purifier  will  materially 
tend  to  clog  it  up  and  to  prevent  the  play  of  aflSnities  required 
in  this  mode  of  pqrification,  the  patentee  advises  that  the  pipes 
conducting  the  gas  from  the  condenser  should  rise  towards  the 
purifying  apparatus.  In  fig.  5,  the  entrance  and  exit  pipes  are 
exhibited :  the  latter  dip  into  a  square  box  containing  water, 
into  which  they  are  immersed  so  as  to  form  an  hydraulic  joint 
between  the  purifying  apparatus  and  the  gas-holder.  This  box 
is  furnished  with  a  pipe  for  conveying  off  any  products  which 
may  be  condensed  after  the  gas  has  passed  the  purifier,  and  it 
will  of  course  require  another  vessel  for  receiving  them,  which 
must  be  constructed  on  a  plan  somewhat  similar  to  the  tar- 
cistern,  but  on  a  smaller  scale. 

When  this  purifying  apparatus  is  to  be  brought  into  action, 
it  is  to  be  at  such  a  temperature  as  we  have  already  stated, 
not  that  it  is  essential  towards  effecting  the  purification  of  the 
gas,  but  tending  to  the  preservation  of  the  vessel.  This  being 
effected,  each  compartment  thereof  is  to  be  half  or  three- 
fourths  filled  with  fragments  or  refuse  clippings  of  sheet-iron, 
with  tinned  iron  plates,  argillaceous  iron  ore,  iron-stone,  &c.&c. 
It  is  to  be  noted,  that  whatever  material  may  be  used  in  this 
purifying  vessel,  such  must  be  arranged  in  it  so  as  to  lie  loosely 
together,  in  order  that  the  gas  may  act  upon  as  much  of  its 
area  as  possible,  and  that  the  sulphuretted  hydrogen  and  car- 
bonic acid  gas  may  be  thereby  arrested.  Should  the  black 
oxide  of  iron  be  used  in  the  purifier,  which  appears  to  be  pre- 
ferred by  Mr.  Palmer,  the  operator  should  be  careful  as  to  the 
manner  in  which  he  disposes  of  it :  always  recollecting  that  a 
sufficient  space  should  be  left  at  the  end  of  the  purifier  to  allow 
the  gas  to  pass  round  the  divisional  partition. 

The  purifier  being  charged  with  any  of  the  materials  as 
above  specified,  the  lids  are  to  be  secured  and  the  valve 
opened  towards  the  one  so  charged  by  raising  or  lowering  the 
counter-balance  weight  of  the  valve,  according  as  the  upper  or 
lower  purifier  may  be  brought  into  action.  The  gas  then 
enters  into  that  compartment  of  it  which  is  to  the  left,  and 
passing  over  the  iron,  or  whatever  else  may  be  introduced 
round  the  divisional  plate,  is  allowed  to  pass  ffom  the  purifier 
by  means  of  the  pipe  which  is  connected  to  the  mouth-piece, 
which  is  to  the  right,  into  the  hydraulic  box,  and  thence  by  the 
pipe  B  to  the  gas-holder,  to  be  stored  up  for  use  as  occasion 
may  require. 

It  is  requisite  that  tests  should  occasionally  be  taken,  in 
order  that  it  may  be  known  when  the  fragments  of  iron,  &c. 
become  inadequate  for  the  purpose  of  purification.  When 
they  are  so,  the  other  purifier  is  to  be  charged  in  a  similar 


way,  the  modth-pieee  secured,  and  the  valve  opened  into  it- 
which,  as  we  have  before  observed,  will  shut  of  the  eomralMu- 
eation  to  that  which  had  been  in  action.  When  this  is  done, 
let  the  lids  of  the  purifier  which  is  out  of  use  be  removed,  so 
as  to  admit  the  atmospheric  air  into  it,  the  action  of  which  viH, 
prior  to  the  purifier  in  action  being  rendered  inadeqaate  to 
perform  its  office,  so  far  restore  the  materials  to  their  proper 
tone,  by  reducing  the  sulphuret  of  iron  again  to  a  aetsliie 
state,  as  to  allow  the  change  of  purifier  to  be  -agaia  efeeled, 
and  the  process  to  be  carried  on  to  advantage. 

The  operator  is  invariably  to  follow  the  mode  pointed  oat, 
by  using  his  purifiers  alternately,  till  it  is  ascertained  that  the 
iron,  or  whatever  substance  may  have  been  introdaeed,  will 
no  longer  retain  the  sulphnretted  hydrogen,  &G.  Wbea  tMh 
is  the  case,  the  contents  of  the  purifier  must  be  temoved,  aad 
replaced  by  fresh  material,  and  the  process  proceeded  opoa 
again,  in  the  manner  we  have  already  described. 

When  lime  in  solution  is  used  for  the  purification  of  gas 
obtained  from  most  of  the  species  of  Wallsend  coals,  a  IniiM 
and  a  half  (Winchester  measure)  or  3226,63  cubic  indbesof  o- 
slacked  lime  is  found  sufficient  for  purifying  10,000  cabie  feat; 
its  value,  at  fourteen  shillings  the  hundred,  being  aboot  eight- 
pence.  In  the  same  proportion  must  the  purifier  be  cfca^ei 
for  either  greater  or  lesser  quantities  of  gas  generated.  How- 
ever, as  the  qualities  of  coals  vary  considerably,  perliaps  t» 
specific  quantity  can  be  put  down  as  a  general  role.  The 
operator  will  very  soon  ascertain  the  fact,  for  his  tests  wiH 
prove  whether  the  gas  be  pure,  and  he  will  charge  his  Trasel 
accordingly. 

T ABLE, sheunng  the  Comparison  between  the  Lime  Hundred md 

Winchester  Bushel,  Sfc, 

Ah     d    d^  ^^  21,696,  or  21|  Winchester  bushels  of  2160,42 

f  K  "    -^    (  cubic  inches  each, 

of  lime  IS  >to  27  cubic  feet, 
equal      3  j^  ^gg^  ^yi^j^  inches. 

Most  kinds  of  quick  lime  double  their  bulk  by  slacking. 

Many  alterations  have,  at  different  times,  been  made  in  fte 
structure  of  lime  vessels  for  purifying  coal  gas ;  and,  mitil 
lately,  it  does  not  appear  that  any  form  was  hit  upon  soi- 
ciently  powerful  to  separate  entirely  the  sulphuretted  hydro- 
gen. This  is  now  effected.  The  gas  at  present  made  in  tk 
Glasgow  gas  works  seems  to  be  entirely  free  of  it,  and  will  oot 
tinge  either  silver  or  gilding ;  nor  can  the  acetate  of  lead,  t 
delicate  test,  discover  in  it  any  of  this  offensive  mixture. 

On  the  Gas-holder  (Gasometer);  its  Construction,  and  Desert^ 
tions  of  such  as  would  best  answer  the  Purpose  of  the  Mamfet' 
turer.-^The  gas-holder  (or,  as  it  is  more  commonly,  thoofk 
improperly,  called  the  gasometer,)  is  that  vessel  in  which  the 
purified  gas  is  stored  up  for  use.  It  has  been  of  various  siifs 
and  shapes:  that  most  generally  adopted  in  large  works  is 
from  15,000  to  20,000  cubic  feet  in  capacity.  It  is  a  cylinder; 
the  diameter  being  from  thirty-three  to  forty  feet,  and  the 
heisrht  from  eighteen  to  twenty-three  feet. 

When  speaking  of  the  gas-holder.  We  are  to  consider  it  as 
composed  of  two  distinct  parts ;  that  Is  to  say,  a  capacious 
inner  vessel,  in  large  works  generally  made  of  sheet-im, 
which  is  closed  at  the  top  and  open  at  the  bottom  ;  and  a  east- 
iron  tank  or  wooden  vat  of  about  a  foot  or  eighteen  inches 
greater  diametet  for  containing  water,  into  which  the  gas- 
holder sinks  as  it  is  emptied  of  gas,  and  out  of  which  its  lower 
edge,  when  full,  cannot  rise.  By  this  contrivance  the  gas  is 
prevented  from  escaping. 

The  gas-holder  is  suspended  by  a  chain  over  two  grooved 
wheels,  fixed  on  a  cast-iron  frame  placed  over  it ;  one  end  of 
which  chain  is  made  fast  to  an  eye-bolt  at  the  centre  of  the  top 
of  the  gas-holder,  and  to  the  other  is  attached  a  frame  sup- 
porting weights  nearly  equal  to  the  weight  of  the  gas-holder. 
It  is  to  be  observed,  that  by  putting  more  weights  upon  the 
balance  support,  or  frame,  the  gas-holder  works  at  a  less 
pressure,  and,  consequently,  does  not  force  the  gas  into  the 
street  mains  with  such  velocity  as  when  the  weight  is  there 
decreased  ;  for  if  the  balance- weight,  and  weight  of  the  gas- 
holder, were  very  nearly  equal,  there  would  be  little  or  no 
impetus  for  discharging  the  gas:  it  would,  in  conseqneaee, 
escape  with  such  languor  at  the  orifices  of  the  bomers  as  la 
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•ford  bat  a  very  feeble  ligbt.  To  obuJa  »  )COod  1i|[bt,  the 
■(■•-balilcr  should  Dcver  be  worked  at  km  than  abont  two 
ioche*'  prcMurc ;  or,  in  other  wordi,  tbe  SDrfaoe  of  the  «at«r 
Ifuide  the  |[n>-holUer  ibould  be  about  two  fnchei  below  tbe 
Borface  of  ihe  water  cootaJDed  between  the  outilde  of  tbe  ga«- 
bo)<ler  and  the  tank,  or  vat.  io  ■hich  it  is  laRpeDded. 

For  aicertainioK  the  presinre  at  which  the  jrat-bolder  works, 
a  ainall  prcnure-Kaase  ma;  be  altacbed  to  the  top  of  it,  and 
•ecnred  from  accideol  fa;  a  wrouKht-iroa  caae.  When,  from 
tbe  iiaa  beinc  turned  into  the  gas-hoMer,  it  has  nien  but  a  Tew 
feel  out  of  the  water,  the  operator,  bj  inspecllDg  the  jcraduated 
Male  on  the  preuore'Saofce,  can  see  what  pressure  the  p;as- 
bolder  i*  then  workioK  it ;  aod,  bjr  diminishioK  or  iocreaiinic 
tbe  ooanleipoitc.  or  bataace-wei^t,  re^nlate  the  pressure  to 
wbat  maj  be  desired.  One  of  the  uses  of  the  fcas-boldcr  Is  to 
rcfculate  tbe  emission  of  the  (cai  towards  the  borners,  which 
could  not  be  effected  without  such  contrivance. 

We  are  now  to  describe  the  c;4todrical  icaa-holder.  In  tbe 
Plate.  Gk-  I.  ia  a  verlical  section  thereof,  and  of  tbe  tank,  be. 
As  Ihe  conilruclion  has  been  spoken  of,  I  ha>e  here  only  to 
notice  the  particular  parts  as  exhibited.  A  B  C  D  is  a  section 
of  the  Ras-holdcr.  B  F  G  H  a  i>eolion  of  the  tank,  1 1  castiron 
SBni:h-piprs  jointed  toi;clher  in  the  usual  way,  as  columns  fnr 
aupportinjc  the  frame  KK.  Upon  this  frame  are  placed  car- 
riages for  bearinK  the  tcrooted  wheels  LL,  OTcr  which  runs 
the  chain  suspendinir  the  xaa-holdcr  and  balaoce-weighl  M. 
N  is  the  pipe  brinfinK  tbe  nia  into  tbe  icas-bolder,  after 
it  passFS  Irom  the  purifyinR  apparatus.  O.  another  pipe 
similar  to  the  former,  bj  which  the  icu  '*  discharged  into  the 
maim  when  wauled  for  use.  It  need  hardly  be  remarked,  that 
tbeae  pipes  must  rise  a  few  inches  above  the  level  of  the  water 
in  the  lank,  Io  prevent  ■  posaibilily  of  water  Rcltin^  into 
tbem.  Upon  the  faorisental  parts  of  the  pipes  N  and  O  are 
placed  valves  for  shutting  off  the  respective  eommunicalioni 
when  the  vessel  is  fall,  or  when  it  miiy  be  desired  not  to  woik 
into  it.  Tbe  figure  represents  the  gas-holder  as  if  it  were  about 
half  filled.  Fig.  2  represents  the  plan  of  the  gas-boldar  just 
«lescril>e<I.  This  is  the  most  simple  conslruction  of  gas-boldors 
for  working  on  tbe  ardioary  principle  that  has  hitherto  been 
■dopted. 

Halan,  to  obviate  tbe  necessity  of  having  all  this  heavy 
lr*Biework,  propused  to  erect  gas-holders  working  with  the 
■pMtGc  gravity  apparatus  without  it ;  and  to  shew  the  possi- 
bility of  doing  away  therewith,  in  the  spring  of  1817  he  cod- 
Stracted  a  miMlc].  If  we  consider  the  tank  and  gas-holder  to 
be  such  as  have  been  just  described,  the  following  description 
will  esplain  his  principle.  In  tbe  centre  of  the  lank  he  pro- 
posed to  form  a  c>  Under  ofatioui  four  or  five  feet  diameter,  of 
CKst'iron  (IsDch  plates,  with  the  flaoches  inwards,  so  as  to  pre- 
vent an  even  surfnce  outside.  This  cylinder  was  to  be  made 
tight  to  somewhat  above  Ihe  height  of  the  tank  ■.  il  was  then  to 
be  carried  by  open  castings  to  above  the  height  that  the  lop  of 
the gas-holdermight rise,  Tbe  lopof  it  was  cast  with  astrong 
broad  flanch,  strengthened  by  vertical  flanches  nnderneatb  it, — 
tbereon  were  boiled  carriages  for  supporting  two  small  wheels 
ia  a  right  line  with  each  other,  ana  with  the  centre  of  the 
crUodcr.  Over  these  wheels  run  two  light  chains,  by  whlob 
tbe  gas-holder  and  balance-weights  were  tospended.  It  wilt 
be  clear,  that  under  such  arraniement,  as  tbe  gas-holder  rose 
out  of  the  water,  the  balance-weights  would  descend  in  the 
cylinder  I  have  been  describing ;  and  aa  it  would  be  sufficiently 
capacious  for  tbem  to  pass  up  and  down  in,  they  would  be 
qoite  onl  of  the  way,  which  in  many  cases  is  a  desideratum. 
The  expcoso  of  tbe  cylinder  wonld  be  considerably  leas  than 
the  must  common  frame  could  be  put  Dp  for,  and  it  would 
mnswer  instead  of  steadyingcolumnt,  without  which  gaa-bolders 
working  vertically  are  very  liable  to  swing  towards  one  side  of 
the  lank,  and  falling  out  of  a  vertical  position,  to  bang,  or  lo< 
work  very  unpleasantly. 

In  a  tank  of  thiity-five  feet  diameter  and  eighteen  feet  deep, 
(be  gas-holder  will  bold  about  15,400  cubic  feet  of  gas.  when 
rooslruoted  with  tbe  framework,  fco.  in  the  uinal  way.  By 
Mr.  Malam's  arrangement,  should  the  raa-holder  be  made  of 
(he  Same  diameter,  having  a  cylinder  of  five  feet  diameter  for 
tbe  balance- weigh  la  to  work  in,  it  will  atill  contain  lA.OOO  cubic 
(eel,  so  that  ita  n^adtj  U  not  thsnbjr  eooridtraUj)  iMMoed. 


By  it,  the  first  cost  of  erecting  a  gasJioIder  of  1A,OUO  enbic  feet 
capacity,  will  he  decreased  £U0O,  or  £2SO.  It  will,  of  coarse, 
require  thai  tbe  gas.holder  should,  in  this  caae,  b«  made  so  aa 
to  exhibit  in  tha  plan  two  ooncentrio  oirclea ;  one  of  which 
would  be  the  diameter  nf  the  gas-holder,  and  form  its  sides, — 
the  other,  or  interior,  thai  which  clipped  round  the  cylinder, 
and  of  so  much  greater  diameter  as  woald  allow  it  Io  slide  ap 
and  down  upon  it  freely.  Itwuoid  be  riveted  to  tbe  topoftbo 
gas-holder  in  the  samr  way  as  the  outer  one,  and  made  flrw  by 
one  piece  of  angle  iron  going  round  its  lop,  and  another  ronnd 
tbe  bollom. 

But  this  gentleman,  on  pursuing  Ma  ioqniries  still  further, 
proposed  to  work  the  gas-holder  witiioul  using  ohalna  or 
balanoe-welgbts ;  yet  in  auch  a  way  as  to  have  tbe  preaanre 
uniform  at  all  its  heights ;  and  to  eaemplify  Ihe  possibility  of 
tbe  iblug  being  efl^eeted,  be  constructed  model*  of  different 
dimensions.  By  describing  the  fulloaing  figure,  which  is  n 
vertical  section  of  this  gas-holder,  Ihe  reader  will  nodentaDd 
tbe  principles  on  which  il  is  constiuctod  ao  clearly  as  to  render 
it  quite  familiar.    llioUnkror  this  gas -holder  is  iiCall  lespeeU 


similar  to  that  nscd  for  others  which  work  Tertieally.  It  is 
HUed  wiib  water  to  the  height  expressed  hy  the  dottad  line 
BB.  C  is  tbe  pipe  which  brings  the  gas  into  the  gas-holder, 
andDthepipe  of  eiit  therclrom.  The  gaa-holder  BFOH, 
when  of  la.OUO  cnhic  feet  capacity,  is  conslnicted  of  No.  Ifl 
wire-gaage  plate  iron.  It  is  concave- shaped  at  tbe  lop,  in 
order  that  if  it  should  be  erected  in  Che  open  air,  no  lodgment 
of  water,  kc.  may  remain  upon  il  so  aa  to  increaae  the  pres- 
sure. From  the  centre  of  the  bottnm  nf  the  tank  rises  a  oast- 
iron  column  I.I,  of  about  thirty-live  feel  in  height;  Uiia  acts  aa 
a  gaide  for  keeping  the  gas-holder  ia  a  vertical  position,  which 
is  cITecled  either  hy  a  pipe,  (whose  inner  diameter  is  about 
half  an  inch  more  Ihan  the  outer  diameter  of  tbe  oolnma,) 
bolted  to  the  top  of  that  vessel  iunide,  and  bmccd  to  the  Upper 
edge  thereof  by  a  sufficient  number  of  rods  as  KK,  or  other- 
wise hy  a  lube  of  |Jate-iron  of  tbe  same  dimensions  seenred  in 
a  similar  manner.  At  the  centre  of  the  botlom  of  the  gas> 
holder  is  placed  ao  air-vessel  a  Aril,  constructed  of  plMC-lron, 
Ihe  top  of  which  is  to  be  situated  at  suoh  a  height  as  to  he  leval 
with  the  surface  of  water  in  the  tank  when  tbe  gas-bolder  la  al 
ita  greatest  rise.  This  air-vessel  is  to  be  of  the  capacity  of 
such  a  bulk  of  water  at  is  equal  In  weiiht  to  tbe  actnal  wclgfal 
of  Ihe  gas-holder,  less  tbe  pressure  it  may  b«  intended  to  bo 
worked  al.  For  finding  tbe  dimensions  of  air  vessels,  for  gas- 
holders of  any  capacity,  is  subjoined  tbe  following 

RuU.~0\tta  the  diameter  of  the  gas  holder,  its  deplh,  aad 
w^ht.  lOKatber  with  tht  proswe  at  which  il  is  inludad  I*  to 
Sc 
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worked;  also  the  depth  proposed  for  the  air-vessel,  to  find  its 
diameter : — 

First:— Find  the  area  of  the  baseby  sqaaringits  diameter  in 
inches,  and  multiplying  that  square  by  the  area  of  unity  ,7854. 

If  the  gas-holder  work  at  one  inch  pressure,  the  area  so 
found  will  be  the  number  of  cubic  inches  of  water  displaced, 
consequently,  multiplying  it  by  the  number  of  inches  of  pres- 
sure which  it  may  be  worked  at,  will  give  the  number  of  cubic 
inches  of  water  displaced  at  that  pressure. 

Divide  the  inches  so  found  by  1728,  which  will  reduce  them 
into  cubic  feet.  These  multiplied  by  1000  ounces,  the  weight 
of  a  cubic  foot  of  water,  gives  the  weight  in  ounces,  which  may 
be  reduced  into  tons,  &c.  in  the  usual  manner. 

Subtract  this  weight  from  the  weight  of  the  gas-holder,  and 
the  remainder  shews  the  wcii^ht  of  such  a  bulk  of  water  as  is 
equal  in  weight  to  the  absolute  weight  of  the  gas-holder,  less 
the  pressure  it  is  to  be  worked  at. 

Reduce  the  weight  last  found  into  ounces,  and  divide  by 
1000,  the  quotient  shews  the  capacity  of  the  air-vessel  in 
cubic  feet. 

Divide  the  capacity  of  the  air-vessel  just  found  by  its  depth 
in  feet,  the  quotient  will  be  the  area  of  its  base  in  square  feet. 

Now  as  the  air-vessel  is  cylindrical,  to  find  its  diameter,  say 
As  355  :  452  :  :  so  is  the  area  to  the  square  of  the  diameter. 

The  square  root  of  the  last  result  is  the  diameter  required. 

Example. — Given  the  diameter  of  the  gas-holder  33  feet,  its 
depth  17  feet,  and  weight  3  tons  15  cwt— Itis  to  be  worked  at 
incb-and-half  pressure,  the  depth  of  the  air-vessel  being  one 
foot,  to  find  the  diameter  of  that  vessel : — 

First  33  feet  =  396  inches. 

Then  396  x  396  x  ,7854  =  123163,2864  superficial  inches, 
the  area  of  a  circle  whose  diameter  is  33  feet  in  inches. 

123163,2864  X    U  =  184744  (nearly)  cubic  inches  of  water 

^  displaced  at  1|  inch  pressure. 

184744  -f-  1728  =  107  cubic  feet  of  water  nearly  ;  107  cubic  feet 

of  water  is  equal  to  107000  ounces,  or  to  tons  2,  19,  2,  13. 
Then  tons  3,  15,  0,  0.— Tons  2,  19,  2,  13  =:= 
Cwt.  15,  1,  15,  or  27568  ounces. 

27568«2-  1000  =  27,568  cubic  feet,  the  capacity  of  the  air-vessel. 

37,568  -^  1  =  27,568,  the  area  of  the  base  of  the  air-vessel  in 

square  feet 

To  find  the  diameter,  say 

As  355  :  452  :  :  27,568  :  35,1,  the  square  of  the  diameter. 

•  v^  35, 1  iz  5,92  nearly,— 
therefore,  for  a  gas-holder  of  the  dimensions  and  weight  as 
above  given,  and  working  at  inch-and-half  pressure,  it  would 
require  an  air-vessel  one  foot  deep  and  five  feet  eleven  inches 
in  diameter. 

A  vessel  of  the  size  just  described  would  be  suflScient  so  to 
buoy  up  the  gas-holder  when  full,  as  to  allow  it  to  stand  at  a 
certain  pressure ;  but  as  it  descends  into  the  water  in  the 
action  of  discharging  its  contents,  its  weig^ht  would  decrease 
from  the  circumstances  explained  heretofore,  when  speaking 
of  gas-holders  working  by  weights  and  chains ;  therefore,  unless 
the  air  confined  in  the  vessel  could  in  some  way  be  disposed 
of^  the  pressure  would  be  continually  changing.  To  obviate 
this  difficulty,  Malam  proposes  the  following  appendages 
to  the  gas-holder.  A  pipe  LL,  of  eight  inches  diameter, 
equal  in  height  to  the  height  of  the  tank,  enclosing  within 
it  another  pipe  of  the  same  height  of  two  inches  diameter, 
marked  M  in  the  figure.  From  the  pipe  M  there  is  a  com- 
munication to  the  vessel  N  by  means  of  the  small  bend-pipe  «, 
which  rises  to  nearly  the  top  of  that  vessel.  Through  the  top 
of  the  closed  vessel  N  is  brought  the  vertical  pipe  A,  which 
dtecends  nearly  to  its  bottom,  and  rises  to  a  height  equal  to 
that  of  the  tank  of  the  gas-holder.  This  pipe  is  of  such  a 
diameter  as  to  make  it  equal  in  capacity  to  the  water  displaced 
by  the  g^as-holder  when  quite  down. 

'  In  forming  rules  for  calculating  the  capacity  of  the  compen- 
sating pipe  A,  and  the  vessel  N,  we  proceed  as  follows : — 

First,  find  the  circumference  of  the  gas-holder  thus,  as  7  : 
22  : :  the  diameter  to  the  circumference: — then  multiply  the 
circumference  by  the  depth  of  the  gas-holder,  and  that  again 
by  the  weight  of  a  square  foot  of  the  material  of  which  it  is  to 
4ie  formed,  adding  the  neoeMary  weight  for  rivets,  and  the 


weight  of  that  part  which  will  be  immersed  in  water,  will  be 

known.        To  find  its  bulk,  say 

As  the  specific  gravity  of  the  material  of  which  the  gas-holder 

is  composed 
Is  to  the  weight  last  found  reduced  into  ounces, 
So  is  one  cubic  foot 
To  its  magnitude  in  cubic  feet. 

This  magnitude  divided  by  the  height  of  the  pipe  A,  will  give 
the  area  of  its  base.  The  diameter  of  which  may  be  fonad  by 
the  role  already  given  for  finding  that  of  the  air-vesseL 

JE'xaiitp/tf.~ Given  the  diameter  of  the  gas-bolder  33  feet,  the 
depth  to  which  it  is  immersed  in  water  17  feet,  the  weight  of  a 
square  foot  of  the  material  of  which  it  is  formed  (plate4roB) 
2 lbs.  11  oz. ; — its  specific  gravity  being  7645, — to  find  Iht 
diameter  of  the  compensating  pipe  A,  its  height  being  17  feet: 
First :  as  7  :  22  :  :  33  :  103,7  the  circumference  103,7  x   17 

=  1763  nearly. 
Then  1763  X  2Ibs.  11  oz.^cz  4838  lbs.,  to  which,  if  we  add 
762  lbs.  as  an  allowance  for  rivets,  &c.  we  have  5600  lbs.  or 
89600  ounces,  for  the  weight  of  that  part  of  ths  gas-holder 
which  becomes  immersed  in  water.  To  find  its  bulk,  say 
As  7645  :  5600  : :  1  :  11,72  cubic  feet  nearly.  11,72  •?>  17:: 
,69  (nearly)  the  area  of  the  base  of  the  pipe  in  question.. 

For  the  diameter. 
As  355-.  452  :  ,69  :  :  ,8785  the  square  of  the  diameter 

*  V>87^  =  ^^37,  or  Hi  inches  nearly.  Therefore  the 
compensating  pipe  for  such  a  gas-holder  would  reqaire  to  be 
Hi  inches  in  diameter. 

As  the  vessel  N  is  connected  by  the  bend  e  to  the  npr^fct 
pipe  M,  and  that  to  the  air-vessel  by  the  pipe  O,  (which  rises 
and  falls  with  the  gas-holder  between  the  pipes  L  and  M,  ths 
space  being  filled  with  water  so  as  to  form  an  hydraulic  joint,) 
and  the  small  pipe  P  P,  which  runs  along  the  top  of  the  gtf- 
holder,  and  from  its  centre  descends  into  the  air-vessel,  it  will 
be  evident  that  if  this  gas-holder  be  brought  into  action,  it  most 
be  prepared  for  use  in  the  following  manner.  We  will  sop- 
pose  the  gas-holder  to  be  down  in  the  tank,  which  is  filled  with 
water. '  The  pipe  LL  is  also  filled  with  water  to  within  a  few 
inches  of  the  top.  Then  into  the  vessel  N  let  the  water  bt 
poured  by  means  of  the  upright  pipe  A  till  it  runs  out  attbs 
cock/,  that  cock  being  situated  at  such  a  height  as  will  iadi- 
cate,  when,  by  pouring  in  more  water,  it  would  descend  in  the 
bend  e.  Things  being  thus  prepared,  attach  the  condensing 
apparatus  to  the  cock/,  which  is  fitted  with  a  screw  for  receiv- 
ing it,  and  inject  air  till  such  time  as  the  water  from  the  vessel 
N  rises  to  the  same  height  in  the  pipe  A  as  it  is  in  the  tank  of 
the  gas-holder.  When  such  is  the  case,  part  of  the  vessel  N, 
from  the  top  to  the  dotted  line  ^,  will  be  filled  with  air,  as  will 
also  the  bend  e,  the  pipes  M  and  O,  and  the  small  pipe  P. 
Whilst  this  is  performing,  it  is  evident  that  the  air  will  he 
thrown  into  the  air-vessel ;  for  if  we  suppose  the  water  to  have 
risen  to  the  same  level  in  the  pipe  A,  that  it  is  in  the  tank, 
there  most  be  the  same  pressure  upon  the  air  in  the  vessel  N, 
as  in  the  air-vessel  abed,  and  the  air  will  be  equally  condeosoi 
in  each.  But  as  the  air-vessel  will  not  then  be  filled  with  air,  it 
must  be  considered  under  like  circumstances  with  a  vessel  ef 
any  sort  inverted  into  water.  If  a  vessel  be  pushed  or  let  dowa 
to  any  depth  in  that  fluid,  then  by  the  pressure  of  the  water 
some  of  it  will  ascend  into  the  vessel,  but  not  so  high  as  ths 
water  without,  and  will  compress  the  air  into  less  space,  accord- 
ing to  the  difl'erence  between  the  heights  of  the  internal  and 
cKternal  water.  Should  the  tank  be  about  thirty-four  feet  ia 
4^pth,  the  air-vessel  would,  with  such  pressure,  have  ths 
weight  of  two  atmospheres  upon  it,  and  the  air  thereta 
would  be  compressed  into  one  half  the  space  it  would  oecapy 
when  the  gas-holder  had  risen  to  its  greatest  height,  and  tat 
top  of  the  air-i^ssel  was  level  with  the  surface  of  water  in  tlw 
tank.  This  compression  would,  in  a  similar  ratio,  be  increased 
or  diminished  with  a  greater  or  less  depth.  Considering 
these  points,  it  follows  that  the  capacity  of  the  vessel  N  most 
be  such  as  to  contain  a  sufficiency  of  water  for  filling  the  pips 
A  between  about  two  inches  below  the  top  of  the  bend  «,  aad 
as  much  above  the  bottom  of  the  pipe  A,  when  the  gas-hokkr 
is  worked  at  inch-and-half  pressure.  The  cock/ being  shat, 
and  the  condensing  apparatus  removed,  if  gas  be  allowed  la 
enter  into  the  gas-holder,  the  vessel  will  be  caused  to  rise  in  ths 
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Uuk,  and  u  it  ritet  the  column  of  water  in  the  pip«  A  fi 
dopreated,  Had  the  air  out  of  the  itMt\  N  passes  iota  the  air- 
^•••el  «  ked,  tbui  incrcRiing  the  buoy bdcjp  of  the  ^■•-holder  in 
proportion  to  it*  tiie.  till  it  bat  attained  its  greatest  hei|;hl,  and 
Iben  all  tho  air  ba«  been  diachanced  from  Ibe  *eMel  N  into  the 
•ir-vcHcl.  This  contrJTance  is  well  adapted  Tor  keeping  ap  a 
re^larilj  of  pressore,  and  eilrcmeU  simple  in  operalion. 

There  have  not  been  wanting  other  coatrirancrs  for  working 
fU-holders  b;  means  of  air-vesselt.  a*  Mr.  Perks's.  in  whieh 
the  aiT-*eMel  was  closed,  and  attached  to  the  interior  of  (he 
lower  edge  of  the  ptas-holdcr,  and  so  constructed,  that  by  the 
OpenJag  and  shullinir  of  tsIvcs  io  iactrnsc  or  dinilaish  the 
pnawre,  b;  the  admission  of  waler,  or  bj  IcttinK  in  nf  air. 
Asatber  patent  was  nlitained  io  iBIi).  by  Mr.  Oulhetl,  of  Lam- 
belh,  for  a  Eas-holder  trnrkini  with  air-vessels.  His  plan 
differs  from  both  the  former.  The  vesMi  f»r|;i*in|[  buoyancjr 
to  tho  gas-bolder,  bein^  conslracled  of  strong  materials,  is 
doaed,  and  the  air  in  it  condrnied  to  a  very  considerable 
deftree,  whilst  (he   other,  which  answer*  for  the  compensaiini^ 

Sparalus,    is  open.     Both'  tbesc  vesseh    are  placed  a  little 
Bve  the  centre  of  gravity  of  the  gas-holder. 

In  addition  to  the  list  of  gas-holders  in  one  of  Clegg'a  inven- 
tfon.  with  a  very  shallow  lank,  into  which  the  lower  edge  is 
iHmersed.  This  gas-holder  occopies  a  icrenler  am  of  base 
than  such  as  have  already  been  mentiuned.  When  it  is  full  of 
fU,  the  end  view  is  represented  by  an  c(|ailalerat  triangle,  the 
Dealings  being  from  the  angle  opposite  to  the  base.  This  gas- 
holder is  so  constructed,  that  the  sides  have  a  tendency  to 
■lose  with  each  other,  and  Iherefore  when  the  valve  of  supply 
ia  opened,  sach  tendency  expels  the  gas.  In  this  gns-holder  it 
la  evident,  that  some  part  of  each  end  must  be  construcied  of 
fleiible  materinla.  It  is  known  to  the  gas-light  manufactarer 
hj  the  term  "  Collapsing  Gas-holder." 

VmHomi  Kimd,  of  Valtti.  Sfpkom.  mnd  Tar  H'«//i.— The 
■eeesatty  of  adopting  elfectaal  means  for  shntting  off  all  com- 
■lanlcation  between  the  gas-holder  and  street-mains,  as  well  as 
from  one  ramiliCBlion  of  main  to  another,  luggented  the 
nropriely  of  introducing  valvca  upon  the  line  of  main-pipes. 
Those  originally  used  by  the  gas-light  companies  were  slide 
valves,  similar  to  what  are  a.«ed  by  the  water  companies:  but, 
sack  have  now  been  lung  out  of  general  use  ;  and  h>  drnulie.  or 
poeanatie,  valves,  or  eombinations  of  both,  hate  supplied 
tbeur  place.  The  valve  seems  to  have  undergone'  ntore 
ohanges  in  its  slntcture  than  almost  any  other  part  of  the  gas- 
Bffat  apparatus;  it  appears  to  have  been  nilhin  the  reach  of 
■ost  men,  and,  according  tn  the  abilities  exerted,  it  baa  bi^n 
■her«d.  In  soma  cases,  change  appears  to  have  hern  the  sole 
object  in  view,  fur  alterations  which  did  not  lessen  the  expenses 
Afcanstroetion.  decrease  the  dimensions  of  the  valve,  or  render 
it  BMre  effective,  eould  not  be  termed  improvementa. 

It  will  not  be  necessary  to  take  op  time  in  describing  all  the 
various  kinds  of  valves  which  have  beeo.  and  are  now  used. 
We  shall  describe  but  two.  namely,  an  hydrautie  anda  poen- 
Maiie  valve;  the  former  beinc  well  ad,)pted  for  use  in  the 
Mannfaelory,  and  the  latter  for  the  street-mains.  The  annrsed 
ittare  is  a  vertical  section  of  an  hydraulie  valve,  indented 
by  Halam,  which  is  particularly  useful  in  the  conneaions  about 

the  purifying   vessels,  and  on  . 

th«  works.  Tbis  valve  is  ciltn- 
drieal,  Baoehed  at  top  and  bot- 
tmm.  and  cast  with  a  flanch 
qaarter  bend  projecting  up- 
wards, from  one  side  of  the 
diaaeter  required.  At  the  bot- 
ton  is  bolted  a  double  cup, 
which  rises  to  the  height  of  the 
lower  part  of  the  hend  just 
iMealioftrd.  Through  Ibe  cen- 
tre of  this  cup  is  an  opening  of 
tbe  aame  diameter  with  the 
bend.  This  eentre^  part  pro- 
jecu  a  few  inches  below  tho 
bolism  of  tbe  valva,  and  is  fur- 
nished with  a  flaneh  for  joint- 
ing it  to  tbe  pipe  by  which  tbe 
CMubroagkilBtoiL    Thruagfa 


1  the  bottom  of  the  valve  is  broaght  a  bend  of  wronght-iron  tabe, 
I  as  expressed  in  llie  Bgnre,  which  is  connected  to  an  nprigbl 
pipe  of  the  same  material,  rising  to  the  top  of  the  valve,  for 
introducing  water  into  tbe  double  cap.  the  lop  of  this  supply- 
.  ing  pipe  is  covered  with  a  eap,  which  is  screwed  on,  save  when 
it  may  be  necessary  to  furnish  a  supply  of  water.  The  top  of 
the  valve  is  covered  with  a  blank  Haoeh,  which  is  jointed  and 
secured  thereto  by  screw-bolts  in  the  usoal  way.  At  the  oen- 
:  Ire  of  the  top  is  lived  a  stunng-box.  the  bottom  of  which  is 
I  tapped  for  receiving  the  square  thread  lining-serew.  This 
I  screw  is  surrounded  by  a  wrought-iron  case  wilb  a  thread 
I  inside  for  receiving  it.  The  case  is  moveable  in  the  stuBng 
box,  and  of  sufficient  height  to  allow  (he  lifting-serew  to  rise  to 
I  the  greatest  height  that  may  he  requited.  It  is  lOrnished  with 
I  two  handles,  which  with  it  serve  as  a  wrench  for  raising  or 
I  lowering  the  screw.  The  bottom  of  this  screw  is  secured  to  a 
I  double  inverted  cup,  as  shewn  io  the  figure,  and  therefore  that 
'  is  lifted  or  lowered  with  il.  The  inverted  eap  Is  so  constraet- 
ed,  a*  when  let  down  to  fall  brtwrcn  the  two  circlea  forning 
the  lower  one:  and  thus,  if  we  suppose  the  bottom  cup  in  bo 
nearly  filled  with  water,  and  the  upper  one  immcraed  into  It, 
it  follows  that  the  valve  so  constructed  is  capable  of  sostalning 
double  the  pres.iurc  of  that  wbich  is  constructed  with  but  a 
single oup,  and  under  such  nrrangmeni  it  will  not  oocnpymore 
.  than  half  the  room  of  the  former,  to  be  equally  effective. 

It  may  be  worthy  of  remark,  that  the  objections  to  the  snfl- 
ciency  of  this  valve  have  been  most  fully  answered  by  tbe  expe- 
rience of  several  y  ears.  The  action  and  counter- action  of  tbe 
inner  and  outer  of  the  lower  cups  being  reciprocal  between  each 
other,  aa  most  appear  evident  on  examining  the  figure,  renders 
it  altogether  safe.  Fig.  1,  is  a  plan  of  this  valve,  which,  from 
Fig.  1,  what  has  been  said,  does  not  require  fur- 

ther   description.     Fig.    2,    is    a   vertical 
section  of  Malnm'spneumstio  valve,  which 
from   the  stuffiog-hox  at   the    top,  to  the 
step   fur    the    spindle    at   the    bottom.  Is 
somewhat  more  than  twice  (he  diameter 
of  the  main  on  whirh  it  is  to  be  used. 
Thus,  fnr  instance,  from   the   top  to  the 
bottom  iDSide  of  a  fnurleen-inch  valve  of 
this  deseriplinn.  will  be  about  ttirce  feet, 
and  in  a  similiar  proportion  for  smaller  or 
larger  ones.      The  body  of  the  valve  is 
square,  as  shewn  in  the  plan,  a  few  Indies 
from  the  top  of  which  is  at  one  sido  a 
"^ket,  and  jo  n  direct  line  with  that  is 
placed  al  the  other  side  a 
spigot,  in  order  that  it  may 
be  introduced  into  the  tango 
of  main-pipe  as    necessity 
reqaires.     The   inner  faers 
of  tho  socket,  as   wHl   as 
spfgol.  project  about  an  ineh 
I  inward,  and  require  (o  bo 
ehipped  and  filed   so  as  to 
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it  rests  in  ihe  step  al  the 
bottom  of  the  valve,  and  tbe 
boss  beneath  brats  eeoplings,  or  a  collar  in  the  bottom  nf  the 
aluBng-box.  So  that  when  the  stnffing-box  Is  fitted,  niid  tbe 
glao  bolted  down,  should  Ihe  wrencb  or  key  be  applied  to  the 
square  top  of  the  spindle,  it  will  lorn  freely  round,  but  wilhont 
being  raised.  If  we  then  suppose  (he  valve  to  be  open,  at 
shewn  in  the  fignie.  theie  will  rest  npon  (he  botlom  two  wedge- 
shaped  pieces  with  their  points  downwarda,  and  hetwern  then 
thefrvstumof  asquare.  The  spindle  passes  through  ih^  latter, 
which  is  6(ird  with  a  aerew  for  receiving  it,  and  it  is  thereby 
raised  or  loweied.  and  the  valve  ohut  ur  opened,  lipon  tba 
renire-pieee,  at  a  eonvenient  distanee  from  Ihe  tup,  is  bolted  a 
spriog,  whieh  is  also  oonneeted  to  the  side-pieces,  so  as  to  ant 
batveM  tbt  top  of  thea  and  tba  (utniat  >>^L    In  iu  Mttml 
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poailion  it  bu  a  tendency  towards  draiTiDg  the  ride-pteoes 
together,  and  of  paahjng  ihe  middle  one  dotrnwards.  This 
Gontrivance  allows  the  three  pieces  lo  bo  liTled  together, 
without  beinj;  rubbed  against  the  inside  of  the  valve,  till  the 
anler  pieces  touoh  the  top.  The  further  aAcent  of  the  ouier 
pieces  being  then  arrested,  the  middle  one  conlinnes  to  be 
raised  by  the  screw  till  tiiey  arc  completrly  wedged  up  against 
tbe  interior  of  the  socket  and  spigot.  And  as  these  wedge- 
■baped  pieces  are  faced  with  cork  or  leather,  the  pressure  can 
be  carried  to  such  pttcb  as  effects  an  air-ti|;;ht  joint  upon  each, 
tliDS  effectually  preventing  the  passage  of  ibe  smallest  portion 
of  gas.  When  the  valve  is  in  such  position,  the  spring  will  be 
elongated  horizontally,  and  so  remain  tilt  the  screw  is  turned 
for  lowering  ihe  interior  pieces,  when  it  again  resames  its 
former  shape,  and  thus  draws  the  side-pieces  towards  each 
Other,  and  pushes  tbe  middle  one  dowDwards.  The  aonesed 
figure  is  a  plan  of  this 
Tslve.  It  exhibits  the 
Banch  to  which  the  top 
is  bolted,  the  socket  and 
■pigot  shewn  in  the  for- 
mer section,  and  the  top  of 
the  inner  pieces  with  tbe 
hdoft  of  cork.  That 
this  IS  an  effective  and 
■imple  valve,  appears  evideut  from  barely  Inspecting  the 
figure.  It  is  of  snisll  size,  and  can  be  got  up  at  a  very  trifling 
expense,  when  compared  with  others  more  generally  adopted. 

Syphons  are  of  two  kinds:  the  larger  sort  are  distingoished  by 
their  diameters,  two,  three,  or  four  inches,  kc.  syphons  ;  the 
■mailer,  which  are  used  on  the  service- pipes,  arc  generally  term- 
ed "  gun-barrel  syphons,"  or  "  bottle  syphons."  Tbe  shape  of 
tbe  vessel  itself  is  similar  in  each  case,  but  the  furniture  and  use 
are  different.  The  larger  sized  syphou  is  a  cast-iron  cylin- 
flcal  vessel  of  about  a  foot  deep,  and  of  tbe  diameter  inside 
agreeable  lo  its  distinguishing  name.  It  is  flanched  roond  the 
top,  and  to  Ibis  flaneh  is  bolted  a  blank  flaneb.  Through  the 
centre  of  tbe  blank  Banch  a  bole  is  drilled  and  screwed  for 
receiviug  a  piece  of  wrought-iron  tubing,  which  descends 
nearly  to  the  bottom,  and  projects  a  few  inches  above  the  top. 
Another  piece  of  similar  tubing  is  bent  and  screwed  also  into 
tbe  top  ;  thence  rising  nearly  perpendicular,  it  is  connected  to 
the  bottom  of  the  main-pipe,  from  tbeoce  the  water  of  eoaden- 
denialion  descends  by  il  into  the  syphon. 

Tbe  gun-barrel  syphon  is,  in  shape,  nearly  similar  to  that 
JDSt  described,  but  its  dimensiooa  are  much  smaller:  namely, 
about  eight  inches  deep,  and  four  in  diameter. 

Tbe  tar-well,  is  a  cytiadrical  vessel  of  aboat  ten  inches 
diameter  inside,  by  twelve  inches  deep,  when  used  upon  all 
mains  of  less  than  ten  inches  diameter;  but  when  it  is  used 
upon  laiger  mains,  tbe  diameter  of  the  body  of  tbe  tar-well 
must  be  about  two  inches  greater  then  the  diameter  of  such 
main.  This  vessel  is  cast  with  a  socket  at  one  side,  and  a 
■pigot  at  the  other,  similar  to  those  of  the  pipes  with  which  it 
is  to  be  used ;  therefore,  a  tar-well  with  a  socket  and  a  spigot, 
■imilir  to  a  two-inch  pipe,  is  called  a  two-inch  tar-well,  one 
fbr  a  three-inch  pipe,  a  three-inch  tar-well,  and  so  on. 

Maim  and  DUtrilmting  Pipu.~\o  the  present  supplement 
to  the  Encyclopaedia  Brilanniea.  it  is  sUted,  that  a  pipe  of  an 
inch  bore  will  supply  lOOjels;  but  it  ought  to  be  observed,  that 
this  only  ho'da  in  peculiar  circum.itances.  If  we  suppose  a 
pipe  of  the  above  dimensions  extended  for  300  yards  from  the 
point  of  supply,  we  shall  find  that  the  jets  will  gradually  dimi- 
nish in  intensity  of  light  towards  the  extremity  of  such  a  pipe. 
It  is,  therefore,  safer,  even  in  point  of  economy,  to  calculate  oo 
the  pipes  being  something  above  rather  than  below  this  state- 
ment, between  the  supply  and  quantity  of  light. 

A  want  of  experienoeoo  this  branch  of  theestablishment,  and 
an  increased  demand  for  gas  beyond  what  was  calculated  upon, 
has  frequently  created  great  trouble  as  well  as  very  serious 
loss,  not  only  in  the  works  here,  bat  in  several  of  those  In 
England.  Accordingly,  in  some  cases  they  have  been  obliged 
to  lift  and  relay  pipes  of  additional  bore,  and  in  others  to  lay 
down  addiiiooal  subsidiary  mains.  This  has  at  no  lime  arisen 
IroDi  any  deposition  of  crystals  or  other  matter  in  the  pipes, 
•0  as  to  ooatraot  the  area,  but  froin  want  of  sufficient  practice 


to  shew  what  dimensions  onder  different  local  cirenmstancet 
would  be  needful,  aitd  from  the  increased  demand  alluded  te. 
Should  you,  Ihererore,  suppose  that  an  increase  of  light,  to 
tbe  extent  of  10,000  jets,  would  take  place  in  a  few  years,  it 
would  then  be  prcdent  that  the  mains  for  the  proposed  esta- 
blishment should  not  be  less  than  19 inches  in  diameter,  atidthat 
the  other  distributing  pipes  in  the  various  sireela  of  the  towa 
be  proportioned  in  the  same  ratio  :  and  this  rnnst  be  obtained 
by  a  survey  of  the  shops  and  other  establishments  where  gas- 
lights may  be  supposed  lo  be  taken  in. 

Vahftand  Water  Tr a oi.— The  water  valves  which  we  sbosM 
recommend  as  preferable  to  any  other  yet  in  use  for  sbatijif 
otr  tbe  gas,  must  also  be  proportioned  to  the  area  of  tbe  pipes, 
where  it  shall  he  found  needful  to  place  them ;  and  these.  In  dt 
cases  where  they  arc  needfnl,  will  serve  not  only  as  step 
valvcA,  but  as  drips  to  carry  off  the  condensed  vapoars  tbl 
collect  in  tbe  pipes  in  a  liquid  form.  The  number  of  theae 
necessary  must  also  be  ascertained  by  actual  survey,  and  fnm 
the  inclination  of  the  alreels. 

Serviet  and  Iniide  Pipti. — The  service  pipes  that  brand  off 
from  the  distributing  ones,  to  convey  tbe  gas  within  sack 
premises  as  are  to  be  lighted,  may]  be  of  cast-iron,  varyiag 
from  [  to  1|  inch  bore,  and  upwards,  as  the  quantity  of  light 
to  be  supplied  may  determine.  The  pipes  that  have  hitberts 
been  fitted  up  for  shops  and  other  ma  no  factories,  have  for  tbe 
most  part  been  of  wrought  iron,  which  have  been  found  te 
answer  better  than  copper  ones,  which  were  at  Hrat  in  ■•>; 
but  of  late,  block  tin  pipes  have  superseded  in  a  conidenUt 
degree  ibe  others.  Pipes  of  this  description  have  advant^M 
which  strongly  recommend  them  to  consumers,  aod  to  manafte- 
turers  of  gaa.  They  are  not  acted  upon  by  tbe  gaa  ao  af  ti 
be  corroded,  nor  does  any  matter  adhere  to  their  intertorj 
consequently,  any  complaints  or  trouble  that  formerly  occurred 
from  these  sources  will  be  completely  obviated. 

fiumeri.— Argand  burners  of  three  different  aises,  and  jOt 
at  different  figures,  are  pretty  generally  in  use.  Each  jet  it 
equal  to  ihe  intensity  of  light  of  a  candle  and  half,  weighing  «x 
in  the  pound,  and  will  consume  about  one  cubic  foot  ofeod 
gas  per  hour.  Tbe  No,  1  argand  burner  is  eqaal  in  intean^ 
of  li^ht  to  three  of  these  jcls,  and  will  coosume  only  abont  t»e 
cubic  feet  of  gas  per  hour.  The  light  derived  from  saeb  t 
burner  being  much  greater  in  proportion  to  the  gas  conaaSKd, 
than  in  burners  of  the  jet  form,  some  would  strongly  reooa- 
mend  that  argnndsas  much  as  possible  be  osed,  as  a  matUrsf 
material  interest  to  a  gas  company,  aod  of  comfort  to  tta 
commnnily.  Some  of  the  works  in  England,  aware  of  iMt, 
give  out  none  but  argand  burners  to  their  customers,  exceptia 
cases  where  theynse  meters. 

Apparalu*  for  the  Frodvclion  of  Gaw  for  IllHmi»atiaii,fitm 
Oil,  /(e. — For  the  more  general  diffnsioo  of  the  benefits  atuis( 
from  the  use  of  gas-lights,  where  houses  and  manufactories  are 
at  a  distance  from  towns,  and  where  coals  are  scarce,  and  nwn 
scanty,  Messrs.  Taylor  and  Martineau,  some  years  ago,  ta- 
vented  and  brought  to  great  perfection,  an  apparataa  wMm^ 
every  purpose  of  economy  is  answered,  aod  a  most  beaatlM 
and  splendid  light  is  obtained  merely  from  the  diatillatioBtf 
impure  oils,  grease.  &.c. 

A  general  idea  of  the  process  may  be  formed  from  tbe  Itl- 
lowlng  account : — A  quaotily  of  oil  is  placed  in  an  air-titM 
vessel,  in  such  a  manner,  that  it  may  flow  Into  retorts  whtt 
arc  kept  at  a  moderate  red-heat;  and  in  snch  proportiona, ■■ 
mar  regulate  (he  production  of  gas  to  a  convenient  rate,  wkick 
mny  be  easily  governed  by  the  will  of  tbe  operator. 

The  oil,  io  its  passage  through  the  retorts,  is  deGoa|MMd, 
and  converted  into  gas  proper  for  illumination,  having  ihs 
Rreat  advantages  of  being  pure  and  free  from  sulphurous  coa- 
tamtnation,  and  of  supporting  a  very  brilliaot  flame,  with  tk 
expenditure  of  very  small  quantities.  It  will,  however,  geae- 
rally  be  found  that  some  oil  passes  ofi^io  the  stale  of  vapoar, 
without  being  decomposed  ;  and  in  order  to  condense  this, 
and  return  it  again  into  the  oil  vessel,  Ibe  gas  is  made  to  psfl 
through  a  vessel  immersed  in  water,  by  which,  and  its  exit  by 
a  worm,  the  vapour  is  condensed  again  into  oil,  and  Bows  at 
once  into  the  oil  cistern,  so  as  to  come  again  into  gse  in  At 
retorts.  As  a  farther  preeaut  on  to  purify  the  gas  from  oil, 
which  may  be  asspended  in  it  in  the  slate  of  vapnor,  It  ia  eo^ 
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veycd  into  a  wash  ?eiitel,  whrre,  by  bubbling  throo|^h  water,  it 
is  further  cooled  and  rendered  fit  for  use ;  and  passes  by  a 
proper  pipe  into  a  (gasometer,  from  which  it  is  suffered  to 
branch  off  in  pipes  in  the  usual  manner. 

An  apparatus,  fit  for  a  larp^c  establishment,  and  capable  of 
producinfc  from  1,000  to  1,800  cubic  feet  of  gas  at  one  ope- 
ration, requires  only  the  cleaning  out  the  retorts,  which  be- 
oomes  necessary  from  time  to  time,  from  the  accomolation  of 
m.  certain  quantity  of  carbonaceous  matter.  This,  and  the 
necessary  attention  to  keep  op  a  moderate  fire,  is  the  only 
Uooble  whieh  attends  the  ujte  of  the  apparatus ;  and  the  time 
required  for  the  production  of  the  abofe  quantity,  would  in 
general  be  about  six  hours.  The  number  of  lights  which  would 
be  supplied  by  l,8(N)  cubic  feet  of  oil  gas,  reckoning  that  they 
were  argand  burners,  and  employed  for  four  hours,  would  be 
about  300,  and  giving  a  light  equal  to  from  3,000  to  3,000 
moald  candles.  In  order  to  adapt  them  to  different  establish- 
ments requiring  smaller  quantities  of  li^ht.  and  to  fit  them  for 
private  houses,  they  may  be  made  of  various  sizes,  accommo- 
dated to  different  degrees  of  power,  and  suitable,  by  the  small 
space  they  occupy,  for  situations  where  much  room  cannot  be 
spared.  One  capable  of  furnishing  gas  for  from  12  to  20 
•rgand  lights,  may  be  conveniently  placed  in  a  small  kitchen 
fire-place,  and  will  occupy  a  space  of  four  feet  by  three,  and  a 
height  of  about  eight  feet. 

For  private  houses,  a  gasometer  should  not  contain  less 
than  from  80  to  100  cubic  feet,  and  for  larger  establishments, 
they  should  contain  from  300  to  000.  There  are  great  advan- 
tages in  having  the  gasometer  as  large  as  circumstances  will 
admit ;  in  the  first  place,  the  demand  of  the  longest  night  in 
winter  should  be  provided  for,  and  the  increased  consumption 
occasioned  by  lighting  the  greatest  number  of  rooms  for  com- 
pany. In  the  second  place,  both  the  trouble  and  expense  of 
tbe  gas  is  diminished  by  having  a  reservoir  sufficiently  capa« 
cioQS  to  hold  some  days'  ordinary  consumption,  by  which,  as 
the  gas  improves  by  keeping,  it  is  most  convenient  and  econo- 
aical  to  have  to  make  it  but  once  or  twice  a  week. 

In  a  private  house,  where  three  or  four  rooms  are  ade- 
qsately  lighted,  and  where  a  small  flame  is  kept  burning  all 
night  in  a  bed-chamber,  it  has  been  found  that  from  20  to  30 
cubic  feet  of  oil-gas  is  sufficient ;  and  therefore,  a  gasometer 
containing  100  feet  will  give  a  supply  for  four  nights.  Such  a 
gasometer  will  be  about  six  feet  long  and  four  wide,  and 
rather  more  than  four  feet  high.  One  for  400  cubic  feet  may  be 
ten  feet  long,  and  seven  wide,  and  about  six  high.  There  is 
DO  occasion  that  a  gasometer  should  be  placed  near  the  other 
^rts  of  the  apparatus. 

G%s  Lijfki,  We  will  now  give  Professor  Leslie's  exami- 
nation of  the  illuminating  powers  of  oil  and  coal-gas,  having 
shewn  the  manner  in  which  each  is  prepared  and  dispensed  in 
cities.  The  Professor's  experiments  were  made  at  the  request 
of  the  Edinburgh  gas  light  company,  and  are  confined  to  two 
points :  1st,  The  comparative  density  of  the  gases :  2dly,  Their 
relati%e  powers  of  illuminating. 

**  1st,  The  density  of  your  coal-gas  commonly  does  not 
much  exceed  tixtenthi  of  that  of  atmospheric  air :  When  I 
began  the  operations,  its  density  was  only  *d03;  bnt  it  was 
mfterwards  -018,  and  is  now  -023.  In  winter  I  once  found  it  to 
be  -080.  and  at  another  time  as  high  as  *700,  though  it  was 
oftener  at  *000.  The  variation  seldom.  I  presume,  exceeds  the 
€tgktk  part  A  small  quantity  of  oil-gas,  procured  for  the 
experiments,  I  found  to  have  the  specific  gravity  of  only  '074, 
not  greater  indeed  than  that  of  your  coal-gas,  when  made  from 
the  best  coal.  The  oil-gas,  however,  furnished  by  Mr.  Milne, 
manofactored  on  a  smaJl  scale,  and  apparently  with  great 
care,  at  his  works,  was  materially  denser,  being  as  high  as 
'IH^  though  on  a  former  occasion  I  found  it  to  be  only  -810. 
If  we  assume  in  round  noml>ers  the  density  of  coal  and  oil 
T^M  to  be  six  and  nine- tenths  of  that  of  atmospheric  air,  it  is 
easy  to  compote,  that  ander  the  pressnre  of  half  an  inch  of 
water,  the  quantities  discharged  from  the  burner  No.  1.  of  the 
oilHpu,  whieh  contains  ten  holes,  each  having  the  l-40th  of  an 
inch  in  diameter,  would  be  respectively  4|  and  3  8-9cabio  feet. 
The  quantities  actually  consumed,  however,  are  only  aboat  the 
halves  of  these  measures,  because  the  aperture  is  always  con« 
trttcted  by  partly  abattiog  the  cock  to  bring  tbe  Auaa  to  tbo 
40. 


same  standard  height.  When  the  flame  is  thas  regulated,  I 
tiod  the  consumption  ol  the  same  gas,  and  with  the  same 
burner,  always  the  same,  whatever  may  be  the  load  plaeed  on  the 
gasometer.  For  instance,  after  increasing  the  load  four  times, 
and  consequently  doubling  the  velocity  of  discharge,  yet  on 
adjusting  the  cock  so  an  to  reduce  the  flame  to  its  former 
height,  the  expenditure  of  the  gas  was  not  altered. 

'*  2dly.  The  illuminating  powers  of  the  two  gases  were  tiiea- 
tured  with  great  accuracy,  by  the  application  of  my  photome- 
ter, which  1  had  somewhat  modified  to  exclude  every  irregular 
influence  of  heat.  The  indications  were  steady  and  easily 
noted,  nor  could  the  judgment  of  the  observer  he  liable,  a«  in 
other  cases,  to  anv  son  of  biai  or  indecision.  It  hence  appears 
to  be  asrcrtained.  that  with  the  same  burner  the  powers  of 
illumination  of  different  gases,  and  of  tlic  same  gas  in  different 
states,  are  very  nearly  proportional  to  their  densities.  The 
same  weight  of  gas  of  any  kind  gives  out  the  same  quantity  of 
light ;  but  if  equal  bulki  be  taken,  the  illuminating  powers  fol- 
low the  ratio  of  their  densities.  But  the  quantity  of  light 
emitted  is  not  uniformly  proportional  to  tbe  measure  of  the  gas 
expended.  A  certain  burner,  for  instance,  was  observed  to 
produce  double  the  illuminating  effect,  though  it  consumed 
only  one-half  more  of  cither  species  of  gas.  With  No.  1.  of 
the  oil-gas  burner,  the  relative  illumination  of  Mr.  Milne's  oil- 
gas  to  that  of  your  coal-gas,  was  found  to  be  as  six  to  five. 
But  a  cubic  foot  of  the  former  lasted  thirty-eight  minotes, 
while  a  cubic  foot  of  the  coal-gas  was  spent  in  thirty  minutes 
and  a  half.    The  relative  vo- 

lumcs  consumed  were  hence  ^ "^  ^^*  Burner, 

in  the  space  of  an  hour  1*68 
and  l'U7,  or  in  tbe  ratio  of 
four  to  five.  Wherefore  while 
five  cubic  feet  of  coal-gas  give 
^^e  degrees  of  light,  four  cubic 
feet  of  the  best  oil-gas  give  six 
degrees ;  that  is.  for  equal  vo- 
lumes the  illuminating  power 
of  tbe  oil  to  the  coal-gas  is  as 
three  to  two.  The  same  con- 
clusion was  obtained  on  pass-  i 
ing  those  several  gases  suc- 
cessively through  the  argand 
coal-gas  burner  No.  2.  Thus 
the  illumination  of  oil-gas  is 
actually  less  than  the  half  of 
what  hits  been  currently  as- 
serted." 

The  advantages  of  oil-gas  are,  that  being  free  from  solphcr- 
etted  h>drogen,  it  will  not  injure  metallic  goods,  pictures, 
elegant  bindings  of  books,  or  gilded  furniture  of  any  descrip- 
tion ;  and  will  give  out,  when  burning,  only  one  half  the  beat 
of  coal-gas.  And  the  further  advantages  arising  from  tbe 
portable  form  in  which  it  is  now  offned  are— 1st,  That  from 
being  moveable,  a  less  quantity  of  light  will  be  reaoired  in  an 
apartment  than  when  the  light  is  fixed  in  one  place.  2dly, 
That  it  is  capable  of  being  eronnmized,  as  a  great  or  small 
number  of  the  lamps  may  be  lighted,  and  the  strength  of  the 
flame  diminished  or  increased  at  pleasure;  the  customer  pac- 
ing for  no  more  gas  than  is  used.  And,  3dl>,  That  the  gas 
may  be  used  in  situations  where  it  is  impossible  in  any  other 
manner  to  convey  gas  bghts. 

Portable  Gas  /^mp.— The  following  figure  exhibits  a  different 
plan  for  burning  gas,  contained  in  a  portable  vessel,  with  ai. 
equal  flame.  A.  B,  C.  D,  is  the  vessel,  E  the  opening  at  whick 
the  gas  is  forced  in,  by  means  of  a  pump,  and  F  is  the  j«t  ak 
which  it  escapes  and  is  consumed.  *H.  I.  is  a  bar  to  support 
the  gas  tube  K.  S,  L,  open  only  at  one  end.  The  space  from 
K,  to  the  float  P,  contains  mercury.  Tlie  two  floats,  P  and  R, 
are  connected  by  the  string  or  chain  X,  Y  ;  and  to  the  top  of 
the  float  R  the  stout  wire  Z,  Z,  Z,  is  attached  perpendicularly. 
To  the  top  of  this  wire  is  affixed  a  cubical  piece  of  metal, 
shaped  on  «//  sides  like  a  wedge.  This  is  contained  in  a  kind 
of  box  marked  3, 3. 3, 3,  which  is  also  shaped  wedge-like,  bat 
with  a  greater  angle  at  the  bottom ;  4, 4.  are  two  meul  plates, 
each  exactly  the  same  alse  as  one  side  of  tbe  box.  Tbeao 
pUtM  are  to  be  piubed  backwarda  or  forwatda  by  tbe  terewe 
5d 
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6,6,  till  the  apertore  is  adjusted , 

nbeo  the  ends  of  the  screws  may 

be  cat  oflf.    Now,  suppose  the  cabi« 

cal  Ycssel  A,  B,  C,  D,  empty  of  gpas, 

the  mercury  in  the  tube  is  alike 

high  at  both  surfaces.    The  forcing 

pump  is  applied  at  £ ;  and,  as  the 

gas  is  condensed,  it  compresses  the 

air  in  the  end  of  the  tube  at  K :  of 

course  the  mercury  rises,  carrying 

the  float  P  up  along  with  it;  the 

other    ball   is    drawn    down,    and 

brings  down  with  it  the  wire   Z, 

which  gradually  stops  the  opening 

at  the  top  of  the  wire ;  and,  as  the 

gas    contained  is  diminished,   the 

pressure  will  be  taken  off  the  surface  of  the  mercury  at  R,  the 

air  at  K  will  expand,  and  raise  the  wire  Z,  and  enlarge  the 

opening. 

The  Portable  Gas  Company  of  London,  have  positively 
pledged  themselves  to  the  pubiic,  that  every  one  of  these 
lamps  has  been  proved  to  resist  a  pressure  of  between  600  and 
700  lbs.  upon  the  cubic  inch ;  and,  that  they  will  in  no  instance 
be  subjected  to  a  pressure  of  little  more  than  400 ;  there  will 
therefore  be  a  surplus  strength  of  200  upon  every  square  inch ; 
or  in  other  words,  each  vessel  has  suflQcient  power  to  receive  a 
supply  of  gas  nearly  equal  to  fifteen  additional  atnwspheret! 
The  most  tituid  need  not  then  fear  an  explosion  of  these 
lamps. 

Comparative  Merits  of  Coal  and  Oil  Gas, — A  good  deal  of  dis- 
cussion has  of  late  arisen  regarding  the  comparative  merits  of 
these  two  gases,  and  so  much  has  the  subject  been  perplexed 
by  the  conflicting  statements  of  rival  manufacturers  and  com- 
panies, that  the  question  can  hardly  yet  be  considered  as 
settled,  although  the  general  impression  undoubtedly  is,  that 
the  coal  gas,  where  coal  is  abundant,  has  the  advantage  in 
point  of  economy,  though  it  is  rather  inferior  to  the  oil  in  point 
of  purity.  As  the  subject  has  become  interesting  to  the  public, 
we  shall  state  a  few  facts  regarding  it,  which  are,  perhaps,  not 
generally  known,  and  for  which  we  are  partly  indebted  to  an 
interesting  report  lately  published  by  the  Dundee  Gas  Com- 
pany, and  which  forms  the  result  of  certain  inquiries  set  on 
foot  by  that  Company  for  their  information.  First,  then,  in 
regard  to  the  expense  of  manufacturing  coal  gas,  this,  as  may 
be  expected,  will  vary  with  the  price  and  quality  of  the  coal, 
and  also  with  the  skill  and  economy  in  managing  the  diflerent 
processes  of  the  manufacture.  In  Glasgow,  the  cost  of  manu- 
facturing 1000  cubic  feet  of  coal  gas  is  so  low  as  4s,  9d,  exclu- 
sive of  interest  on  capital.  In  Edinburgh  it  is  from  7s,  to  df. 
In  Liverpool  and  London  about  10^.  But  the  selling  price  of 
the  gas  in  these  different  places  is  exactly  in  proportion  to  the 

*  The  Wbitechapel  Road  Oil  Gas  Compaoj,  according  to  Mr.  Tait's 
iafonnatlon  in  Uie  Dandee  Report,  divided,  at  the  end  of  the  first  year,  2^ 
per  cent. ;  bat  at  tbe  laat  general  meeting  (November,  1823,)  no  dividend  was 
made.  The  Hall  Companj,  bj  the  same  report,  has  paid  nothing;  the 
Norwich  nothing,  and  the  Colchester  has  been  converted  into  a  coal  gas. 

t  Altboagb  the  exact  proportion  of  the  illuminating  powers  of  these  gnses 
has  not  jet  been  settled,  a  good  manj  experiments  have  been  made  with  this 
view  ;  these,  when  rightlj  considered,  do  not  differ  from  each  othier  so  roach 
as  has  been  sapposed,  and  agree,  on  tbe  whole,  pretty  nearly  in  assigning 
the  above  ratio  of  between  two  and  foar  to  one  in  favoor  of  oil,  according 
to  the  qaality  of  the  coal  gas.  The  subject  has  not  certainly  been  examined 
with  safioient  attention,  nor  with  any  thing  like  that  degree  of  accaracy 
which  sacb  experiments  demand,  and  in  the  present  state  of  science,  easily 
•doiit  of,  and  we  are  sarpriaed  that  some  of  the  parties  interested  have  not 
•Ireadj  set  on  foot  snch  inqairies  as  will  set  this  matter  completely  at  rest. 
Professor  Leslie,  we  anderstand,  has  been  recently  engaged  in  making  some 
experiments  on  these  gases ;  and  certainly  no  instrament  is  so  well  adapted 
for  comparing  their  illaminating  powers  as  the  photometer,  with  which  he 
has  contrived  to  measure  the  varioas  shades  of  light.  Under  the  hands  of 
•kilfal  observers,  this  instrament  coald  not  fail  to  lead  to  interesting  resalts. 
Tbe  method  of  shadows,  however,  is  not  entirely  so  satisfactory,  nor  in  many 
respects  so  convenient,  because  we  cannot  easily  compare,  in  this  manner, 
tke  gases  of  different  places  nnless  they  are  actaally  brought  together,  and 
huraed  in  tbe  same  apartment,  whereas  the  photometer  measures  the  actual 
u  well  as  the  relative  degrees  of  light.  Still,  however,  the  method  of 
■hadowfl,  with  attention,  and  in  the  same  place,  will  give  a  prttty  oear 


price  of  producing  it.  In  Glasgow,  1000  feet  of  gas  sells  at 
8f.  6d,,  in  Edinburgh  at  I2s.,  in  Liverpool  at  V3s.  M.,  and  in 
London  at  I4s,  6d.  or  15#.  The  difference  arises  partly  fron 
differences  in  the  dividends  paid  by  the  companies  oo  their 
respective  capitals,  and  partly,  also,  we  believe,  from  waste, 
and  perhaps  part  of  the  current  expenses  not  being  included 
in  the  cost  price. 

But  even  the  quality  of  the  gas  in  different  establishments 
varies  considerably  in  its  illuminating  power,  owing  partly  ts 
management,  but  chiefly  to  the  nature  of  the  coal  from  which 
it  is  generated.  In  this  respect  tbe  gas  from  cannel  coal, 
from  which  most  of  it  is  got  in  Scotland,  is  decidedly  superior 
to  the  London  gas,  which  is  all  produced  from  Newcastle  ooal; 
a  cubic  foot  of  the  former  will  burn  from  one  to  ooe  and  a  half 
times  longer  than  one  of  the  latter,  and  give  all  the  time  tbe 
same  degree  of  light.  On  this  account,  therefore,  the  fair  iUiH 
minating  value  of  tbe  gas  in  the  above  places  does  not  cor- 
respond with  its  selling  price,  the  London  gas  being  really 
from  one  to  one  and  a  half  times  dearer.  This  consideration  is 
of  essential  importance  in  all  our  inquiries  into  the  economy  of 
gases,  and  a  want  of  due  attention  to  it  is  one  of  the  chief 
•causes  of  those  discrepant  results  which  have  been  obtained  on 
this  subject,  and  of  that  diversity  of  opinion  to  which  they  have 
given  rise. 

In  regard  now  to  the  price  of  manufacturing  and  selling  oil 
gas,  this  is  pretty  much  the  same  in  different  places,  and  tbe 
gas  being  all  generated  from  the  same  material,  its  qualitj  is 
hence  pretty  uniform.  The  cost  of  manufacturing  1000  cabic 
feet  of  oil  gas  is  estimated  by  Taylor  and  Martinean,  tht 
patentees,  at  26^.;  by  Mr.  Peckstone  at  28^.;  by  Mr.  Ricardo, 
of  the  Bow  Works,  at  27s. ;  and  it  is  actually  made  at  Hull  for 
28i. ;  and  at  Leith,  we  believe,  much  the  same.  Tbe  seUuig 
price  again  is  in  London  50s, ;  in  Hull  50s. ;  in  Leith  50r.,  until 
of  late  it  has  been  reduced  to  40s, y  the  lowest  price  at  which  it 
has  ever  been  sold.  But  there  is  one  important  circnmstaDoe 
to  be  noticed  here.  At  tbe  above  prices  of  the  coal  g^as,  all  tk 
Companies  have  been  dividing  considerable  profits,  which  nay 
be  averaged  at  8  per  cent,  on  the  capital  of  each,  while  the 
Oil  Gas  Companies  again,  at  their  prices,  have  been  in  maaj 
cases  losing,  and  in  no  case  dividing  more  than  2|  or  3  per 
cent.*  It  thus  appears,  then,  that  the  same  quantity  ofgts 
which,  in  the  case  of  coal,  sells  in  Glasgow  at  Hs.  6d.^  in  Ediih 
burgh  at  12f.,  and  in  London  at  14^.  6d,,  canuot,  in  the  caseol 
oil,  be  any  where  sold  with  a  profit  under,  we  may  safely  ssy, 
45j.,  supposing  even  the  oil  to  continue  at  the  same  rate  to 
which  it  has  fallen  of  late.years. 

But  the  quality  of  the  oil  gas  is  much  superior  to  that  evea 
of  the  best  coal  in  its  light-giving  power.  A  cubic  foot  of  it 
will  burn  with  an  equal  degree  of  light  between  three  and  four 
times  longer  than  the  London  gas,  and  between  two  and  three 
times  longer  than  the  Scotch  gas.f    If  we  take  this  circom- 

approximation  to  the  troth  ;  and  we  shall  jost  state  the  results  oblaiaed  ia 
this  manner  bj  different  observers.  In  London,  Messrs.  Tajlor  and  Mar- 
tinean  find  the  illuminatbg  powers  of  their  oil  gas  3^  times  soperior  to  that 
of  the  coal  gas  in  the  neighbourhood.  This  estimate  has  been  coafinaed  by 
Mr.  Brando,  and  several  other  observers,  more  particularly  bv  Mr.  Devej 
of  New  York,  in  an  experiment  conducted  with  great  fairness,  each  foot  ef 
the  oil  gns  burning  ex.actljr  three  and  a  half  times  longer  than  a  foot  of  tka 
coal.  Hence,  it  has  been  laid  down  at  once  as  a  general  role,  that  oil  i^as  is 
three  or  four  times  superior  to  coal  in  illuminating  powers ,  and  this  aotioe, 
sanctioned  by  the  names  of  tbe  observers  and  the  accuracv  of  tbe  e&peri' 
ments,  and  propagated  with  zeal  by  the  oil  gas  advocates  and  corapaniea,  has 
had  considerable  weight  with  tbe  public  ;  the  Committee  of  tbe  Dandee  Cob- 
pany,  for  example,  having  hence  calculated  on  the  illuminating  powers  as  S 
to  1.  But  we  believe  it  is  undeniable,  that  the  London  gas  obtained  (nm 
Newcastle  coal  is  considerably  inferior  to  the  Scotch  gas  obtained  froai  tht 
cannel  coal  and  other  Scotch  ooals.  The  exact  proportion  we  do  ant  know, 
but  it  is  between  1  and  1^  times  inferior — say,  then,  that  it  is  only  1^  tiBCs, 
and  this,  in  the  case  of  the  Scotch  gas,  will  reduce  the  estimate  of  Taylar 
and  Martineau,  the  oil  gas  patentees  themselves,  to  the  proportion  of  8|  to  I 
in  favour  of  oil ;  and  this  corresponds  pretty  nearly  with  the  ohaerv^fians 
which  have  actually  been  made  in  this  country.  Mr.  Cricbton  of  CI  mow, 
late  civil  engineer  there,  makes  the  proportion  2  to  1  in  favoor  of  q3>  Dr« 
Ure  of  Glasgow,  finds  the  same  proportion ;  and  Mr.  Milne,  ono  ol  liw 
agents  for  the  oil  gas  patentees,  aooording  to  a  writer  in  tbe  Dnndea  Ww^mU 
makes  it,  in  reference  to  the  Glasgow  ooal  gas,  as  2,  or,  at  aoat  1)  to  I. 
Experimentii  we  helieTe^  hare  also  been  made  bj  the  Coaipiay  htra  m  At 
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ttanee  into  accoant,  then,  we  shall  obtain  an  exact  estimate  of 
the  comparative  economy  of  the  two  (^ases;  1000  feet  of  oil 
|(as  will  thus  fi^ive  the  same  quantity  of  iij^ht  as  3500  feet  of 
London  {i^as,  and  as  2500  feet  of  Scotch  ^as ;  and  the  prices  of 
the  same  quantity  of  lijcht  derived  from  these  difl'erent  gases 
respectively  will  he,— from  oil  (^s,  46#.,  London  coal  gas, 
60f.  iki.,  Edinburgh  coal  gas,  30«.,  Glasgow  coal  gas,  2I«.  3d, 
The  expense  of  the  same  light  for  tallow  candles,  at  1#.  per  lb., 
is  about  80#.  Of  all  these  places,  then,  London  is  the  most 
likely  for  an  oil  gas  work  to  succeed  as  a  profitable  concern, 
Edinburgh  next,  and  Glasgow  the  least.  It  appears  evident, 
however,  from  these  facts,  that  even  in  Edinburgh  we  cannot 
expect  to  obtain  our  light  from  oil  gas  at  a  price  less  than  .00 
per  cent,  higher  than  from  coal,  even  though  the  price  of  oil 
should  continue  as  it  is.  Considering  indeed  the  waste  which 
takes  place  in  converting  oil  into  gas,  together  with  the 
expense  of  the  process,  it  cannot  be  expected  that  the  latter 
sboaid  ever  form  a  very  cheap  lifihL  In  the  present  state  of 
the  manufacture,  a  quantity  of  the  inflammable  matter  of  the 
oil  is  lost  by  the  imperfect  nature  of  the  decomposition, 
besides  a  quantity  of  the  gas  itself,  which  is  necessarily  wasted 
in  every  gas  estuhlishment.  Of  the  amount  of  these  losses 
we  are  not  informed,  but  a  loss  there  certainly  is  to  some 
extent.  Moreover,  were  there  no  expense  attending  the  manu- 
facture of  oil  gas,  its  light  could  not  be  so  cheap  as  that  from 
the  oil  itself,  burned  in  a  good  lamp,  where  all  the  inflammable 
matter  is  consumed ;  and  when  we  add  to  this  all  the  expenses 
of  the  manufacture  and  gas  establishment,  it  is  evident,  that  the 
cost  of  this  light  must  be  considerably  increased,  unless  the  oil 
acquires  by  its  conversion  into  gas  some  new  illuminating  vir- 
tue which  it  does  not  possess  in  its  raw  state,  a  circumstance 
which  has  indeed  been  asserted,  but  never  proved.* 

Such  being  the  comparative  economy  of  the  two  gases,  let 
UM  now  consider  their  respective  qualities.  On  this  point  it  is 
agreed  on  all  hands  that  the  oil  is  superior.  In  the  first  place, 
it  Is  free  from  that  sulphureous  matter  which  rises  along  with 
the  coal  gas,  from  which  it  is  difiicult  to  deprive  this  latter  gas. 
aod  the  efl'cct  of  which  is  not  only  to  corrode  the  pipes,  and  all 
the  internal  fittings  of  the  apparatus  exposed  to  the  gas,  but 
also  to  tarnish  the  plate  and  gilding  of  the  apartment  in  which 
the  gas  is  burned.  From  this  contamination  the  oil  gas  is 
entirely  free,  and  this  constitutes  its  great  advantage.  Bat, 
oo  the  other  hand,  it  cannot  be  denied  that  the  plans  which 
have  been  devised  for  purifying  the  coal  gas  have  had  consi- 
derable success.  In  Glasgow,  and  even  in  Edinburgh,  where  the 
coal  is  of  inferior  quality,  the  gas  is  now  manufactured  in  soeh 
purity,  that  the  presence  of  sulphur  cannot  be  detected  in  it  by 
the  most  delicate  tests ;  and  in  fact  it  is  said  by  these  com- 
panies to  be  now  incapable  of  tinging  either  plate  or  gilding 
any  more  than  oil  gas.f  If  this  fact  could  be  satisfactorily 
established,  it  >»ould  he  of  great  importance.  The  best  proof 
of  it  which  could  he  given  mould  be  the  adopting  of  the  coal 
f^as  by  jewellers,  amon?  whom  its  use  was  discontinued  at  the 
first  trial,  on  account  of  its  injurious  efl't^cts,  and  has  since,  we 
believe,  not  been  resumed  by  any  of  them.  Another  advantage 
ascribed  to  the  oil  gas  is  its  freedom  from  any  unpleasant 
amell.  If  this  be  meant  of  the  gas  itself  as  it  escapes  from  the 
pipes  by  leakage  or  othrrnise,  the  oil  gas  is  in  this  respect 
certainly  ver>  little,  if  at  all,  superior  to  coal.  We  are  ron- 
▼inced,  indeed,  from  experience,  that  neither  of  them  could 
well  be  tolerated,  if  allowed  to  escape  unbumt :  and  it  would 
be  difficult  to  decide  which  of  the  two  smells  is  the  most  oflen- 

Bdiabargh  gu,  which  is  generated  from  diflorent  torts  of  coal,  aad  for  frM 
cf  as  averagr  qaalit?,  the  pro|><irtioo  bai«  beea  fouad  as  2]  to  I.  Betides 
t^Me  aathorities,  an  ioterettiiig  set  of  evperimeota  have  heeii  wade  by 
Maasrs.  Hero|»ath  and  Kootsev  oo  tho  Bristol  gas,  and  their  proportion  is 
tkat  of  Si  to  1.  or  !t  tu  I.  Making  due  allowance,  then,  for  the  hiss  of  the 
r— poctiv  parties,  ine  are  certainly  not  onderrating  iho  oU  gaa  when  wt 
■asnaia  it.  as  above,  at  2}  limes  superior  to  coal  gas. 

*  Sir  W.  ConKreve  obscrven.  that  "  there  can  k»e  bo  doabt  that  the  light 
ihas  prodaced  bv  oil  gas  is  mach  cheaper  than  that  prodaced  hj  the  direct 
b«r«tag  of  the  oil,  and  aane  have  even  estimated  the  gain  at  25  per  cent.  It 
«o«ld  r«<|«ire,  however,  strong  proof  to  snhstantiate  this  fact,  and  the 
•anperiw— u  of  lleropatb  and  RooUey  of  Briitol  shew,  oo  the  oootrary*  • 
Uaa  of  tb  per  east. 


sive.  But  with  proper  attention  on  the  part  of  tne  company, 
the  escape  of  the  ^as  can  be  entirely  prevented,  as  is  remarked 
by  Mr.  Tait,  engineer,  London,  in  his  Report  to  the  Dundee 
Company.  **  As  to  the  smell  of  oil  gas,"  sa>s  he,  **  being  less 
oflensive  in  rooms  than  coal  gas,  this  is  a  mere  matter  of  taste. 
For  my  own  part,  I  would  sooner  tolerate  the  latter;  but  nei- 
ther of  them  produce  any  smell  whatever,  if  the  services  are 
secured,  and  the  joints  properly  cemented."  But  if  the  smell 
refers  to  the  effect  on  the  air  of  the  room  by  the  burning  of  the 
gases,  to  the  heat  and  closeness,  to  the  smokiness,  or  to  any 
other  disagreeable  vapour  arising  from  any  of  the  gases  more 
than  another — in  this  respect  the  oil  certainly  has  the  advan- 
tage. Much  depends  on  the  way  in  which  the  burners  are 
managed,  a  proper  attention  to  which  will,  perhaps,  in  either 
case,  prevent  any  unpleasant  effects.  But  on  this  point  we 
have  no  satisfactory  information. 

**  Oil  gas,"  say  Taylor  and  Marti neau,  "  bams  with  a  far 
parer  and  more  brilliant  light  than  coal  gas."  With  good  coal 
gas  we  cannot  say  tliat  we  have  ever  perceived  a  very  material 
difference  in  this  respect.  Besides  these,  there  are  various 
minor  points  of  comparison  between  the  two  gases,  en  which, 
however,  it  is  unnecessary  to  enlarge;  and  in  regard  to  the 
advantage  which  oil  gas  possesses,  of  being  more  easily  gene- 
rated, and  without  any  of  those  nuisances  to  which  tho  coal  gas 
establishments  are  subject,  also  its  being  less  bulky,  and  held 
therefore  in  gasometers,  and  distributee!  in  pipes  of  half  the 
usual  dimensions,  these  advantages  are  all  involved  in  the 
price. 

Such,  then,  are  a  few  of  the  facts  reirarding:  these  two  species 
of  li»(ht,  which  we  have  endeavoured  to  collect,  from  different 
sources,  for  the  information  of  our  readers.  It  is  evident,  on 
the  whole,  that  the  oil  gas,  though  it  will  be  a  much  cheaper 
light  than  candles,  will  yet  here  be  considerably  dearer  than 
coal  gas ;  but  then  it  is  purer,  and  burns  with  a  brighter  light ; 
and,  as  Mr.  Dewey  of  New  York  remarks,  if  some  are  content 
with/iae,  there  is  no  reason  why  others  should  not  prefer  mprr- 
fine.  This,  of  course,  is  a  matter  of  choice  with  the  public ; 
and  it  is  not  our  intention,  by  the  above  remarks,  to  recom- 
mend either  the  one  or  the  other  light  in  preference,  bat  merely 
to  state  the  facts  which  have  come  to  uur  knowledge.— Ca/. 
Merturif, 

GASKET,  a  sort  of  plaited  cord  f  istened  to  the  sail-yards  ot 
a  ship,  and  used  to  furl  or  tie  up  the  sail  (irmly  to  the  yard  by 
wrapping  it  round  both,  six  or  seven  times,  tho  turns  being  at 
a  compet**nt  distance  from  each  other. 

Bunt  Gasket,  is  that  which  .supports  or  ties  up  the  bunt  of 
the  sail,  and  should  consequently  be  the  stronKe.st,  as  having 
the  greatest  weight  to  support;  it  is  sometimes  made  in  a 
pe<*uliar  manner. 

QNar/fr  Gasket,  used  only  for  large  s^ils,  and  is  fastened 
about  half-way  out  upon  the  yard,  which  part  is  called  the 
quarter. 

The  y<rrf/-0rfii  Gasket,  is  made  f:ist  to  the  yard-arm,  and 
serves  to  bind  the  sail  as  far  as  the  qnarter-gasket  on  large 
yards,  but  extends  quite  into  the  bunt  of  small  sails. 

(MSSBNDI,  Prtik,  a  celebrated  French  philosopher  and 
astronomer,  was  born  in  a  village  in  Provence,  in  \tAlrZ,  He 
very  early  discovered  great  talents,  anti  at  the  age  of  10  was 
made  professor  of  rhetoric  at  Digne.  and  soon  after  professor 
of  philosophy  at  Aix.  Gasscndi  died  in  IflVj.  in  the  fOd  year 
of  his  age,  leaving  his  manuscripts  to  M.  de  Monmor,  his  friend 
and  executor. 


t  Mr.  Neilaon,  engineer,  Glasfow,  in  his  jndictons  Report  to  the  Dondre 
Compaov,  observes,  "  the  gas  at  present  made  in  the  Glasgow  works  se^ra* 
to  Iw  entirely  free  of  it,  ( the  snlphnretted  hjdrnf^en, )  and  will  not  tin|<» 
either  silver  or  Kildiof .  nor  ean  the  aoetate  of  lead,  which  is  reckoned  a 
drlirate  test,  diseover  ia  it  any  of  this  offensive  aii&lare."  Besides  the  »■!• 
phuretted  hvdrofon,  however,  the  gas  contains  hydro-snlphoret  of  amaKMua, 
vthich  proves  injorioos  to  copper  and  iron  fas-pip^s.  and  of  which  it  is  still 
more  dilicall  to  deprive  the  gms.  Mr.  Dewey  of  Nrw  York  sUtes.  that  this 
hat  been  done  by  Mr.  James  Ncilson  of  the  Glasgow  gas  works,  bat  that 
"  owia|r  to  the  txpeaao  of  the  process,  and  the  low  price  at  which  the  fu  is 
famished  to  the  cnttomers.  it  has  not  boon  carried  fnlly  iato  effect."  Great 
improvemenU.  therefore,  way  yet  be  looked  for  in  the  pnrifiration  of  coal  gas.  the 
manofactora  of  whieb  praseats  •  rkh  sad  iatarasting  fiald  for  tho  researahea 
•r  tbt  ohoaust. 
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.  OASTEROSTEUS,  tiie  SHekle  Back,  in  Nataral  History,  a 
l^nas  of  fishes  of  the  order  of  thoracioi.  There  are  thirteen 
apecies,  6.  acaleatiis,  or  three-spined  stickle-back,  is  found  in 
almost  all  the  fresh  waters  of  Europe,  and  is  about  three  inches 
)ong^,  and  in  the  beginning  of  the  summer  displays  the  most 
beautiful  combination  of  bright-red,  fine  olire-green,  and  sil- 
very whiteness.  It  is  extremely  active  and  rapid,  and  is 
particularly  injurious  in  fishponds,  aa  it  devours  the  spawn  of 
the  fish. 

GASTRIC  Juice,  a  fluid  of  the  utmost  importance  in  the 
process  of  digestion.  It  does  not  act  indiscriminately  on  all 
substances,  nor  is  it  the  same  in  all  animals,  nor  does  it  con- 
tinue always  of  the  same  nature,  even  in  the  same  animal, 
changing  according  to  circumstances ;  it  acts  with  a  chemical 
energy  in  dissolving  food ;  attacking  the  surface  of  bodies,  and 
uniting  to  the  particles  of  them.  It  operates  with  more  energy 
•nd  rapidity  the  more  the  food  is  divided,  and  its  action  is 
increased  by  a  warm  temperature.  The  food  is  not  merely 
reduced  to  very  minute  parts ;  its  taste  and  smell  are  quite 
changed ;  its  sensible  properties  are  destroyed ;  and  it  acquires 
new  and  very  different  ones.  This  fluid  does  not  act  as  a  fer- 
ment, it  is  a  powerful  antiseptic,  and  even  restores  flesh  already 
putrefied. 

GASTROBRANCHUS,  in  Natural  History,  a  genus  of 
fishes  of  the  order  cartilaginei.  It  is  characterised  by  the  cir- 
cumstance of  exhibiting  no  traces  of  the  existence  of  such  an 
organ  as  the  eye.  It  will  often  enter  the  mouths  of  fishes  fixed 
on  the  hook  of  the  angler,  and  gnaw  a  passage  through  their 
bodies,  devouring  all  but  the  bones  and  skin.  Its  substance  is 
so  highly  glutinous,  that  a  large  vessel  of  sea  water  will,  in  a 
short  time  after  the  living  coecus  is  placed  in  it,  become  of  the 
consistence  of  a  jelly. 

GATE,  in  Architecture,  a  large  door,  leading  or  giving 
entrance  into  a  city,  town,  castle,  palace,  or  other  considerable 
building ;  or  a  place  giving  passage  to  persons,  horses,  coaches, 
or  waggons,  &c. 

GATT,  is  the  same  as  Channel,  and  is  a  term  constantly 
used  on  the  Flemish  coast  and  in  the  Baltic  for  that  purpose. 

GAUGER,  a  king's  officer  appointed  to  examine  all  tuns, 
pipes,  hogsheads,  and  barrels,  of  wine,  beer,  ale,  oil,  honey, 
&c.  and  give  them  a  mark  of  allowance  before  they  are  sold  in 
any  place  within  the  extent  of  his  office. 

GAUGE  Point  of  a  solid,  is  used  to  denote  the  diameter  of 
that  circle,  whose  area  is  expressed  by  the  same  number  as  is 
equal  to  the  number  of  cubic  inches  in  the  solid.  Thus  17*15 
being  the  diameter  of  a  circle  whose  area  is  231 ;  this  is  called 
the  gauge  point  of  the  wine  gallon,  which  contains  231  cubic 
inches. 

GAUGING,  the  art  or  act  of  measuring  the  capacities  of  all 
kinds  of  vessels,  and  thence  ascertaining  the  quantity  of  liquor 
which  they  contain.  Gauging  forms  a  part  of  mensuration, 
and  is  treated  of  by  most  authors  who  have  written  on  the 
latter  subject ;  this,  however,  is  generally  with  reference  to 
regular  figures,  as  the  frustums  of  cones  and  conoids,  of  para« 
bolic,  hyperbolic,  and  elliptic  spindles,  &c.  But  as  casks  are 
seldom  of  any  exact  forms,  these  rules  must  be  regarded  as 
■lerely  theoretical,  and  not  applicable  to  the  common  cases 
that  occur  in  practice.  To  remedy  the  inconvenience  arising 
from  such  a  number  of  rules,  and  at  the  same  time  to  abridge 
the  lahour  attendant  on  several  of  them,  we  will  give  one  gene- 
ral rule  for  all  cases,  exceedingly  simple  in  its  application,  ahd 
which  is  as  follows  :        Add  into  one  sum, 

39  times  the  square  of  the  bung  diameter, 

25  times  the  square  of  the  head  diameter,  and 

26  times  the  product  of  those  diameters ; 

multiply  the  sum  by  the  length  of  the  cask,  and  divide  the  pro- 
duct by  114;  then  this  last  quotient  divided  by  231  will  give 
the  wrine  gallons,  and  divided  by  282  will  give  the  ale  gallons. 

L 
Or,  (39  B«  +  25  H«  +  26  B  H)  x    jj^  is  the  content  in 

inches;  which  being  divided  by  231  for  wine  gallons,  or  by  262 
for  ale  gallons,  will  be  the  content. 

Exam.  Let  the  length  of  a  cask  be  40  inches,  the  bong 
diameter  32,  and  the  head  diameter  24. 


Here 32»  x  39  =     39986 

and. 24»  x  26  =     14400 

and 32x24    X  26  =     19966 

the  sum  74304 

multiplied  by  ....  ^ 40 

and  divide  by 114  )2972160 

gives 26071  cub.  ia. 

this  divided  by  231   gives  112  wine  gallons,  or  divided  bj 
282  gives  92  ale  gallons. 

But  the  common  practice  of  gauging  is  performed  mecham- 
oally,  by  means  of  the  gauging  or  diagonal  rod,  or  the  ganging 
sliding  rule,  the  description  and  use  of  which  are  as  follow. 

Gauging,  or  Diagonal  Rod,  is  a  rod  or  rule  adapted  fbr 
determining  the  contents  of  casks,  by  measurinj^  the  dlagooal 
only,  viz,  the  diagonal  from  the  bung  to  the  extremity  oifthe 
opposite  stave  next  the  head.  It  is  a  square  rule,  having  fbnr 
sides  or  faces,  being  usually  four  feet  long,  and  folding  toge^ 
ther  by  means  of  joints.  Upon  one  face  of  the  rale  ia  a  aeale 
of  inches,  for  taking  the  measure  of  the  diagonal ;  to  these  are 
adapted  the  areas,  in  ale  gallons,  of  circles  to  the  corresponding 
diameters,  like  the  lines  on  the  under  sides  of  the  three  slides 
in  the  sliding  rule,  described  below.  And  upon  the  opposite 
face  are  two  scales,  of  ale  and  wine  gallons,  expreuing  6m 
contents  of  casks  having  the  corresponding  diagonals ;  and 
these  are  the  lines  which  chiefly  constitute  the  difference 
between  this  instrument  and  the  sliding  rule ;  for  all  the  otiber 
lines  upon  it  are  the  same  with  those  in  that  instrument,  and 
are  to  be  used  in  the  same  manner. 

To  use  the  Diagonal  Rod.  Unfold  the  rod,  and  pqt  It  in  at 
the  bung-hole  of  the  cask  to  be  gauged,  till  its  end  ntrive  at 
the  farthest  possible  distance  from  the  bung-hole,  and  note  tlie 
inches  and  parts  cut  by  the  middle  of  the  bung ;  draw  oot  tke 
rod,  and  look  for  the  same  inches  and  parts  on  the  opposite  ftee 
of  it,  and  annexed  to  them  are  found  the  contents  of  the  otfk, 
both  in  ale  and  wine  gallons. 

Exam.  Let  it  be  required  to  find,  by  this  rod,  the  content  ef 
a  cask  whose  diagonal  measures  34*4  inches ;  which  answers 
to  the  cask  in  the  foregoing  example,  whose  head  and  baaf 
diameters  are  32  and  24.  and  length  40  inches  ;  for  if  to  tlie 
square  of  20.  half  the  length,  be  added  the  square  of  26,  half  the 
sum  of  the  diameters,  the  square  root  of  the  sum  will  be  34.4 
nearly.  Now,  to  this  diagonal  34*4  corresponds  upon  the  rule,  the 
content  91  ale  gallons,  or.  111  wine  gallons ;  being  but  one  less 
than  the  content  found  by  the  former  general  rule  above  giveo. 

The  Gauging  Rtde,  or  Sliding  Rule,  is  a  sliding  role  partiea- 
larly  adapted  to  the  purposes  of  gauging.  It  is  a  square  rale, 
of  four  faces  or  sides,  three  of  which  are  furnished  witl^^Bg 
pieces  running  in  grooves.  The  lines  upon  them  are  moitiy 
logarithmic  ones,  or  distances  which  are  proportional  to  the 
logarithms  of  the  numbers  placed  at  their  ends ;  which  were 
fine  lines  placed  upon  rulers,  by  Gunter,  for  expeditiously  per- 
forming arithmetical  operations,  using  a  pair  of  compasses  ibr 
taking  off  and  applying  the  several  logarithmic  distanees; 
but  instead  of  tKe  compasses,  sliding  pieces  were  added,  by 
Mr.  Thomas  Everard,  as  more  certain  and  convenient  In  prae- 
tice,  from  whom  this  sliding  rule  is  often  called  Everard's  Rale. 

GAURS,  an  ancient  sect  of  the  Magicians  in  Persia,  who 
profess  the  worship  of  one  God  alone,  the  belief  of  a  reanrree- 
tion  and  a  future  judgment,  and  utterly  detest  all  idolairy. 
They  perform  their  worship  before  fire,  for  which  they  have  aa 
extraordinary  veneration,  as  believing  it  to  be  the  most  perfect 
emblem  of  the  Deity. 

GAUT,  a  term  made  use  of  in  the  East  Indies,  to  denote  a 
passage  or  road  from  the  coast  to  the  mountainous  or  apland 
country. 

GAUZE,  in  Commerce,  a  thin  transparent  stuff,  aometiaes 
woven  with  silk,  and  sometimes  only  of  thread,  either  plain  or 
figured ;  the  latter  being  sometimes  worked  with  flowers  of 
silver  or  gold  on  a  silk  ground. 

GAVELKIND,  a  tenure  or  custom  in  Kent,  by  which  the 
lands  of  the  father  are,  at  his  death,  equally  divided  aaMotsI 
all  his  sons;  or  the  land  of  a  deceased  bi other,  hi 
leaves  no  issue,  among  all  his  brethren.    This  caatom 
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fxim  our  Saxon  incPilofii.  The  enilnms  atrendinK  ihiii  Irnnre  I 
■re.  Iliitt  ihrheir.  at  Ilicace  ofGnrcn,  may  jtiveor  *<'ll  lii»  lands 
in  Ea^clLinr) ;  iinci  though  llie  fallier  ii  aitaintrd  of  Ircaiou, 
»nd  sufli-M  dt'Htli,  llic  auD  inherits.  A  wife  sliall  be  endowed 
of  a  moiety  of  the  g-avelkiiid  lands,  of  nhicb  her  husband  died 
•risrd.  during  her  iridowhood.  Likewise  a  hniband  ma}  be 
tenant  hy  courtesy  of  half  liis  wife's  lands,  without  haiinf;  any  | 
issue  by  her ;  hut  if  he  marries  again,  not  having  issue,  lie 
forfeits  his  tenantcy.  ' 

GAZE1TE,  a  printed  aceount  of  the  transactiona  of  all  the 
countries  in  the  JLnown  world,  in  a  looM  sheet  or  half  sheet. 
Tbia  name  is  uiib  ua  conlined  to  that  paper  of  newa  publiithed 
by  aniborily  of  the  KOTernmeDt.  The  first  gasette  in  England 
was  published  at  Oxford.  Not.  7.  1665. 

GELATINE,  in  Chemistry,  Is  one  of  the  constituent  parts  of 
animal  substances,  and  may  be  obtained  by  repoieUly  wash- 
ing the  fresh  skin  of  an  aniiiial  in  cold  water,  aRcrwardx  builiug 
it,  and  reducing  it  to  a  small  quantity  by  slow  cva|iorniinn,  and 
allowing  it  to  cool.  It  then  aasuuici  the  form  of  jcllj,  and 
bM-omes  hard  and  semltransparenl.  Itis  a  principal  part  b'lili 
of  the  solid  and  fluid  patti  uf  animals,  and  is  employed  in  the 
slate  of  glue,  site,  ana  i.iiiiKlass. 

GELD,  in  our  old  ruslomi.n  Saxon  word,  signifying  money  or 
(jihute  ;  also  a  compensation  fnr  a  crime.  Hence  wergcid  was 
nard  fnr  the  value  of  a  man  slain,  and  orsgeld,  of  a  bcaal, 

GELLIBRAND,  UEsav,  an  English  a.ilroDomer,  having 
been  pr'ifcssor  of  that  scirnee  in  Gresham  College,  was  born 
in  London  I307,  and  died  iu  the  same  city  of  a  fcTcr  in  1638, 
being  only  39  years  of  aiie.  GcUibrand  was  an  intimate 
ac(]aaintBnce  of  Bnggs,  and  wrote  the  prcfuce,  and  attended  to 
the  putilication,  of  the  "  Trigononietria  Biitannica,"  Britcgs 
haTing  died  before  the  completion  of  that  great  undertaking. 

GEMINI,  THE  Twins,  u.  One  of  the  Northern  signs,  being 
the  third  sign  of  the  aodian,  and  the  last  of  the  Spring  sign*. 
According  to  the  fixed  zodiac  of  Hipparchus,  the  Sun  enters 
Gemini  on  the  -ilst  of  May.  That  is  to  say,  the  Earth,  at  that 
time,  passes  iuto  the  sign  Sagittarius,  and  the  Sun,  as  seen 
from  the  Earth,  appears  to  have  made  his  transit  from  Taurus 
tolo  Gemini.  According,  however,  to  the  recCMion  of  the 
rquiooxes,  the  Sun  enters  Gemini  on  tbe  18th  of  June.  The 
Edrih  is  of  consequence  about  to  q  a  it  Sagittarius,  and  enter 
Capricornus.  A  still  larger  portion  nf  tbe  North  Pole  is  now 
in  the  hght  than  we  uhserved  in  the  last  aign,  and  the  days 
baic  proportionally  increased  in  length,  for  the  Sun  rises  at 
IV  ho.  G  mi.  s.  M..  and  sets  at  vii  bo.  &4  mi.  r.  k.  By  dou- 
bling the  time  of  his  rising,  we  gel  the  length  of  the  night  H  ho. 
12  mi.,  and  by  doobliog  the  lime  of  his  setting,  tbe  length  of  the 
day  is  M  hours  4H  niiontei. 

Bomntmriu  and  Contrnti. — Gemini  are  bounded  on  tbe  N.  by 
Lynx,  E.  by  Cancer,  S,  by  Monoccros  and  Canis  Minor,  and 
W.  by  THoras.  There  are  b6  stars  in  this  constellation ;  namely, 
twoof  the  3d  magnitude,  four  of  the  3d.  six  uf  the  4th.  be,  Tbe 
chief  star  is  Castor,  whose  right  ascension  is  I  Mfi  Aff  25',  and 
iu  declination  a-J°  ifi'  r.  This  star  appears  on  the  N.  N.  E. 
{  E-  point  of  tbe  compass,  at  London,  and  it  rises  and  culini- 
natcs  as  in  tbe  following  Table :  Mend.  Alt.  7U°  4^  0'. 

19  n  A. 

10  SJ  M. 
B  IH  M. 
fi  63  M. 
4  M  M. 
9  Mt  H. 

Castor  passes  vertical  over  the  Slates  of  Barbary,  Palestine, 
Persia,  Cashmere,  Thibet.  Houan  in  China,  Japnu.  Louisiana 
IS  North  America,  tbe  sonthern  psrts  of  the  I'nited  Stales,  the 
Beraodas,  be.  When  Castor  begins  to  rise,  the  club  of  Orion, 
and  after  It  the  star  Bctelgeax,  appear ;  but  by  this  time  Pollux 
i*  fairly  above  the  horiaon.  At  the  time  thnie  stars  b^in  to 
nae  on  the  N.  E.  by  N.  point  of  the  horiaon.  Cephcus,  Cygons, 
aDd  Lmcerla,  are  in  the  seoitb.  Serpcntaiios  declines  in  the 
W.,  leading  with  him  Tanras  Poniatowaki.  Proeyon  rises 
wben  CasMopeia  and  Andromeda  are  in  the  aeniib.  and  Caaea 
Vekaiici  In  tbe  NDrtfaem  boriioB.  When  Csilor  uid  Pollux 
40. 


MoaTU. 

Rlsi«. 

CctM. 

MOSTH. 

Rkki. 

bo.  mi. 

bo.B». 

to.  Mi. 

9  SI   A. 

12  11  M. 

Mj 

1    0  M. 

F.b. 

It  t»   A. 

ID    31  A. 

Aug. 

19  8S  M. 

Mv. 

leu  H. 

SM   A. 

»rpl. 

11    0   A. 

April 

set  M. 

6  41    A. 

(kl. 

»  to  A- 

M.y 

TOM. 

4  60   A. 

Nor. 

T  It   A. 

J.^ 

SOU. 

S  4T    A. 

Dtc. 

5  10    A. 

come  tn  tbe  meridian,  Canii  Major  appears  in  the  Southern. 
Lyra  and  (^khus  in  the  Nurlhcru,  Virgo  in  the  Eastern  hori- 
aon, and  the  Lynx  ocrupiea  tbe  senith.  Between  the  meridian 
and  the  E.  we  lind  Cancrr  and  Leo ;  between  the  meridian  and 
the  W.  Taurus  and  Ari's  ;  and  between  the  acnith  and  the  S. 
Canis  Minor  and  the  I'nicorn. 

G  EM  M  A,  in  Botany,  a  bud,  a  compendium  of  a  plant  seated 
upon  tbe  stem  and  branches.  Bud  roterrd  with  sealea,  to 
defend  the  tender  rudimeniji  Iium  i'«ld  and  external  injuries, 
till  their  parts  being  unfolded,  they  acquire  iirenith,  aiMl 
render  any  further  pruicction  unnecessary.  In  general,  we 
■nay  distinguish  three  kinds  of  buds ;  that  containing  tbe  noHer, 
that  cuutaiiiiiii;  leaves,  and  Ibat  coutainiug  buth  flower  anil 
Icuvrn.     Stf  ]{i>TAST  and  Plantii. 

GEMS,  or  i'kf,cint'»  SrosLs,  are  soraelimes  found  of  regu- 
lar shape.-i,  and  with  a  natural  polish:  and  sometimes  of  irre- 
gular shapes,  and  with  a  roujch  cuat.  The  hrst  sort  may  be 
considered  as  of  tbe  prblitv  kind,  and  arc  siid  to  be  found  near 
Ihk;  beds  of  rivers,  after  great  ruins;  the  others  are  found  in 
miucs,  and  in  tbr  clefts  of  nirki.  The  gems  ot  the  Grst  sort 
were  what  the  ancients  most  usuulty  eoKratcd  upon ;  these  are 
commonly  called  intaglios ;  and  they  arc  mostly  of  a  long  oval 
figure,  inclining  tu  a  point  ul  carh  end,  cunvez  as  well  on  the 
engraved  fjce  as  on  the  others,  Hiili  a  ridge  Tunning  from  end 
to  end  on  the  under  side,  which  is  hereby,  as  it  were,  divided 
into  two  fai-es  :  buth  which  are  also,  thouKh  nut  ao  distinelljr, 
parted  from  the  upper  face,  by  auuther  ridge  running  quite 
round  the  aval. 

The  stone  most  commonly  found  engraved  is  the  beryl.  The 
next  is  the  emcruld  ;  and  then  Ike  jacinth.  The  chrysolite  la 
but  rarely  found  engraved  ;  as  are  also  the  crystal,  or  oriental 
pebble,  the  garnet,  and  the  amethist.  Uf  the  beryl  there  are 
three  species ;  the  red,  inclining  to  orange  colour,  transparent 
and  lively  ;  the  yellow,  of  an  ochre  colour,  and  the  white,  eom- 
monly  called  the  chalcedony,  and  the  colour  of  sheer  milk. 
These  two  last  hate  leas  life  than  the  first.  The  emerald  ■) 
green,  nearly  of  the  colour  of  stugnaled  water;  sometimes 
tnletably  clear,  but  for  the  must  part  full  of  black  and  white 
specks.  Thu  jacinth  is  of  a  deep  lawny  red,  like  very  old  Port 
wine,  but  lively  and  transparent.  The  chrynolile  is  of  a  light 
green  grass  colour,  and  is  supposed  to  have  been  the  beryl  of 
the  ancients,  transparent,  but  not  lively.  The  crystal  ur 
I  oriental  pebble  is  harder  and  more  lively  than  the  coamoa 
rock  crystal ;  is  of  a  silvery  hue,  and  but  very  little  inferior  to 
the  white  sapphire.  Tbe  garnet  is  of  the  same  colour  as  tbe 
jacinth,  but  more  inclining  to  the  purple,  and  not  so  lively. 
The  ametbysl  is  of  a  deep  purple,  trantparenl  and  lively. 

The  following  is  a  general  table  uf  what  are  usually  called 
precious  stones  :— The  beryl,  red,  yelluw,  or  while;  emerald, 
KrecD  1  Jacinth,  of  a  deep  taaiiy  red  ;  chrysolite,  of  a  light  grass- 
green;  oryital,  ot  nriental  pebble,  of  a  silvery  white  ;  garnet, 
of  a  deep  red  claret  colour  ;  amethyst,  purple;  diamond,  while; 
,  ruby,  red  or  crimson  coloured  ;  emerald,  of  a  deep  green  ; 
.  aqua  marina,  of  a  bluish  sra  green,  like  sea  water ;  topas,  of  a 
ripe  citron  yellow;  i^ipphirc,  of  a  deep  sky  blue,  or  of  a  silver 
white  ;  cornelian,  red  or  while;  opal,  while  and  cbangeaUet 
vermilion  stone,  more  tawny  than  tbe  jacinth. 
I  All  these  stones  are  more  or  less  transparent ;  tbe  follnwing 
are  ill  opaque  : — The  cat's  eje,  brown;  red  jasper,  called  also 
,  thick  rornetian,  of  the  colour  of  red  ochre ;  jet,  blaick ;  agates, 
of  various  sorts ;  blood-stone,  green,  veined  or  spotted  with 
I  red  and  white ;  onyx,  consisting  of  diOcient  parallel  strata, 
mostly  iihile  and  black  ;  sardonyx,  of  several  shades  of  brown 
and  white;  ngate-onyi,  of  two  or  more  strata  of  while,  either 
opaque  or  transparent;  alsbaster.  dificrcnt  strata  of  white  and 
I  yetluw.  like  tbe  agate-onyx,  but  all  opaque;  toad's  eye,  black; 
'  turquoise,  nf  a  yellowish  blue  inclining  to  green;  lapis  laiuli, 
uf  a  line  deep  blue. 

or  most  of  tbe  spenies  beforementioned,  there  are  some  of 
an  inferior  class  and  beauty.  These  are  commonly  called  bjr 
jewellers  occidental  stones;  tfary  are  mostly  the  produce  of 
Europe,  and  found  in  mines  or  stone  i^narries;  and  are  an 
named  in  opposition  to  those  of  a  higher  clasj,  which  are 
always  accounted  oriental,  and  supposed  to  be  only  produced 
I  in  tbe  BaaL  Tbe  onyx,  sardonyx,  agate-onyi,  alabaster  of 
|>  two  colenra  or  atrmla,  u  olw  oertaia  abeUa  of  diffcraat  «Mt% 
5  B 
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were  freqaently  eDg^raved  bj  the  ancients  in  relief ;  and  these 
sorts  of  engravings  are  commonly  called  cameos.  They  also 
sometimes  ingrafted  a  head,  or  some  other  figure  in  relief,  of 
gold,  upon  a  blood  stone. 

Besides  which  there  are  some  antiques,  mostly  cornelians, 
that  are  covered  with  a  stratum  of  white.  This  stratum  has  by 
some  been  looked  upon  as  natural ;  but  it  was  really  a  sort  of 
coat  of  enamel  that  was  laid  on.  The  stones  esteemed  the 
best  for  engraving  upon,  were  the  onyx  and  sardonyx ;  and 
next  to  them,  the  beryl  and  the  jacinth.  The  ancients  en- 
graved most  of  their  stones,  except  the  onyx  and  the  sardonyx, 
just  as  they  were  found  ;  their  natural  polish  excelling  all  that 
can  be  done  by  art ;  but  the  beauty  of  the  several  species  of 
onyx  could  only  be  discovered  by  cutting. 

The  merit  of  intaglios  and  cameos  depends  on  their  erudition, 
as  it  is  termed,  or  the  goodness  of  the  workmanship,  and 
the.  beauty  of  their  polish.  The  antique  Greek  gems  are 
most  esteemed;  and  next  to  them  the  Roman  ones,  in  the 
times  of  the  higher  empire.  Lapidaries  employ  a  considerable 
quantity  of  diamond  in  powder,  which  they  use  with  steel 
instruments,  to  divide  pebbles  and  precious  stones.  The 
small  pieces  of  diamond  of  which  the  powder  is  made,  are 
worth  twenty-eight  shillings  a  carat.  The  use  of  the  diamond 
in  this  way  is  very  extensive.  Had  nature  withheld  the  dia- 
mond, the  pebble,  the  agate,  and  a  variety  of  other  stones, 
would  have  been  of  little  value,  as  no  other  substance  is  hard 
enoogh  to  operate  upon  them.  In  this  way  rock  crystal  from 
Brazil  is  divided  into  leaves,  and  ground  and  polished  with 
diamond  dust  for  spectacles,  and  other  optical  instruments. 

Obms,  Imitation  of  Antique,  a  method  of  taking  the  impres- 
sions and  figures  of  antique  gems,  with  their  engravings,  in 
glass  of  the  colour  of  the  original  gem.  The  great  care  in  the 
operation  is,  to  take  the  impression  of  the  gem  in  a  very  fine 
earth,  and  to  press  down  upon  this  a  piece  of  proper  glass, 
softened  or  half  melted  at  the  fire,  so  that  the  figures  of  the 
impression  made  in  the  earth  may  be  nicely  and  perfectly 
expressed  upon  the  glass.  The  yellowish  tripoli  has  been 
found  best  adapted  for  this  purpose. 

GENDARMES,  or  Gens  d'Armes,  in  the  French  armies, 
a  denomination  given  to  a  select  body  of  horse,  on  account  of 
their  succeeding  the  ancient  gendarmes,  who  were  thus  called 
from  their  being  completely  clothed  in  armour.  The  appella- 
tion is  now  bestowed  on  both  the  horse  and  foot  soldiers  in 
France,  who  are  employed  in, the  police  of  the  country.  They  are 
chosen  from  all  the  rest  of  the  army  on  account  of  their  good 
behaviour,  and  enjoy  superior  pay  and  advantages. 

GENDER,  among  Grammarians,  a  division  of  noons  or 
names  to  distinguish  the  two  sexes. 

GENEALOGICA  Arbor,  or  Tree  of  Consanguinity,  signifies 
a  genealogy  or  lineage  drawn  out  under  the  figure  of  a  tree, 
with  its  root,  stock,  branches,  &c.  The  genealogical  degrees 
are  usually  represented  in  circles  ranged  over,  under,  and 
aside  each  other. 

GENEALOGY,  an  enumeration  of  a  series  of  ancestors ;  or 
a  summary  account  of  the  relations  and  alliances  of  a  person 
or  family. 

GENERAL  Issue,  in  Law,  is  that  plea  which  traverses  and 
denies  at  once  the  whole  declaration  or  indictment,  without 
offering  any  special  matter,  by  which  to  evade  it :  it  is  called 
the  general  issue,  because,  by  importing  an  absolute  and  gene- 
ral denial  of  what  is  alleged  in  the  declaration,  it  amounts  at 
once  to  an  issue,  or  fact  afiirmed  on  one  side,  and  denied  on 
the  other.  This  is  the  ordinary  plea  upon  which  most  causes 
are  tried,  and  is  now  almost  invariably  used  in  all  criminal  cases. 
It  pats  every  thing  in  issue,  that  is,  denies  every  thing,  and 
requires  the  party  to  prove  all  that  he  has  stated.  It  is  a  fre- 
quent question,  what  can  be  given  in  evidence  by  the  defendant 
npon  this  plea,  and  the  difficulty  is,  to  know  when  the  matter  of 
defence  may  be  urged  upon  the  general  issue,  or  must  be  spe- 
cially pleaded  upon  the  record.  In  many  cases,  for  the  pro- 
tection of  justices,  constables,  excise  officers,  &c.  they  are  by 
act  of  parliament  enabled  to  plead  the  general  issue,  and 
give  the  special  matter  for  their  justification  under  the  act  in 
evidence. 

General  o/" an  ilrmy,  in  the  art  of  war,  he  who  commands  in 
chief.    The  office  of  the  general  is  to  regulate  the  march  and 


encampment  of  the  army ;  in  the  day  of  battle  to  choose  out  tbe 
most  advantageous  ground ;  to  make  the  disposition  of  the 
army ;  to  post  the  artillery ;  and  where  there  is  occasion,  to 
send  his  orders  by  his  aides-de-camp.  At  a  siege  be  is  to  caose 
the  place  to  be  invested ;  to  order  the  approaches  and  attacks ; 
to  visit  the  works,  and  to  send  out  detachments  to  secure  his 
convoys. 

General  o/"  Horse,  and  General  of  Foot,  are  posts  next  under 
the  general  of  the  army.  General  of  the  Artillenfy  has  the 
charge  of  the  ordnance.  General,  is  also  used  for  a  particular 
march  or  beat  of  drum,  being  the  first  which  gives  notice  for 
the  infantry  to  be  in  readiness  to  march.  General,  is  also  used 
for  the  chief  of  an  order  of  monks. 

General  Te^ms,  among  Logicians,  are  those  made  the  signs 
of  general  ideas. 

GENERANT,  or  Genitum,  that  which  is  generated,  or  sop- 
posed  to  be  generated,  by  the  motion  of  any  point,  line,  or 
figure.  The  generant  is  always  one  dimension  higher  than  the 
generating  quantity ;  thus  a  line  is  generated  by  the  motion  of 
a  point,  a  surface  by  a  line,  and  a  solid  by  a  surface.  It  is 
generally  a  theorem  in  geometry,  that  the  measure  of  any  gene- 
rant  is  always  equal  to  the  product  of  the  generating  quantity, 
drawn  into  the  path  of  the  centre  of  gravity  of  the  latter, 
whether  its  motion  be  rectilineal  or  rotatory.     So  also, 

GENERATED,  is  used  by  mathematicians  to  denote  what- 
ever is  formed  by  the  motion  of  a  point,  line,  or  surface ;  thai 
a  line  is  said  to  be  generated  by  the  motion  of  a  point,  a  sur- 
face by  the  motion  of  a  line,  and  a  solid  by  the  motion  of  a 
surface.  The  same  term  is  also  sometimes  used  in  a  similar 
sense  in  arithmetic  and  algebra ;  thus  20  is  said  to  be  gene- 
rated by  the  two  factors  4  and  5,  or  2  and  10 ;  a  6  of  the  factors, 
a  and  h,  &c. 

GENERATING  Line  or  Figure,  in  Geometry,  is  that  Ooe 
or  figure,  by  the  motion  of  which  another  figure  or  solid  is  sup- 
posed to  be  described  or  generated.  In  the  floxional  analysis 
all  kinds  of  quantities  are  supposed  to  be  generated  by  the 
motion  of  other  quantities,  and  the  quantities  thus  generated 
are  termed  fluents. 

GENERATION,  in  Mathematics,  denotes  the  formation  or 
description  of  any  geometrical  figure  or  magnitude  by  die 
motion  of  another  quantity  or  magnitude,  of  a  dimension  one 
degree  less. 

GENERICAL  Name,  in  Natural  History,  the  word  used  to 
signify  all  species  of  natural  bodies,  which  agree  in  certaio 
essential  and  peculiar  characters,  and  are  therefore  all  of  the 
same  family  or  kind,  so  that  the  word  used  as  the  generieal 
name,  equally  expresses  every  one  of  them,  and  some  other 
words  expressive  of  the  peculiar  qualities  of  figures  of  each  are 
added,  in  order  to  denote  them  singly,  and  make  up  what  is 
called  the  specific  name.  Thus  the  word  rosa  or  rose,  is  the 
generieal  name  of  the  whole  series  of  flowers  of  that  kind,  which 
are  distinguished  by  the  specific  names  of  the  red-rose,  tbe 
white-rose,  the  apple-rose,  &c. 

GENESIS,  in  Mathematics,  is  nearly  the  same  as  gene- 
ration, being  the  formation  of  a  line,  surface,  or  solid,  by  tbe 
flowing  of  a  point,  line,  or  surface.  Here  the  moving  line  or 
figure  is  called  the  describent,  and  the  line  in  which  the  motion 
is  made  the  dirigent. 

GENEVA,  Gin,  a  hot  fiery  spirit,  too  much  used  by  the 
lower  classes  of  people  in  this  country,  as  a  dram,  and  most 
injurious  to  their  constitution  and  morals.  A  liquid  of  this 
kind  was  formerly  sold  in  the  apothecaries'  shops,  drawn  from 
the  juniper-berry,  but  the  liquor  now  sold  under  the  name  of 
geneva  or  gin,  is  composed  of  oil  of  turpentine  and  suit 
spirits.  The  Holland's  geneva  is  manufactured  chiefly  st 
Schiedam,  near  Rotterdam,  from  wheat  and  juniper-berries. 

GENIUS,  in  matters  of  Literature,  &c.  a  natural  talent  or 
disposition  to  do  one  thing  more  than  another  ;  or  tbe  aptitude 
a  man  has  received  from  nature  to  perform  well  and  easily  thst 
which  others  can  do  but  indifferently,  and  with  a  great  deal 
of  pains. 

GENTIAN  A,  in  Botany,  a  genus  of  the  pentaodria  digynia 
class  and  order.  Natural  order  of  rotaceas.  Gentianas  Jnssieo. 
There  are  fifty-three  species.  The  most  remarkable  is  the 
lutea  or  common  gentian,  the  root  of  which  is  an  exoelleil 
stomachic  bitter. 
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GENUS,  unonj^  MeUphjsicians  and  Lofcicianji,  denotes  a 
aamber  of  beings  which  agree  in  certain  general  properties  com- 
mon to  them  ail. 

CjEnva,  in  Natural  Historj,  a  sabdivinion  of  anj  class  or 
order  of  natural  beings,  whether  of  the  animal,  vegetable,  or 
mineral  kingdoms,  all  agreeing  in  certain  common  characters. 

GEOCENTRIC  iMtitudt  of  tL  Planet,  is  iU  disUnce  from 
the  ecliptic  as  it  is  seen  from  the  earth. 

Gkocentric  Place  of  a  Planet,  the  place  wherein  it  appears 
Co  nn  from  the  earth,  supposing  the  eye  there  fixed. 

GEOGRAPHY,  is  the  science  which  describes  the  surface 
of  the  earth ;  its  various  kingdoms,  states,  and  empires ;  the 
rivers  by  which  they  are  intersected,  their  mountains,  woods, 
&e.  The  sereral  kinxdonis  and  states  of  the  world  we  have 
already  described  under  the  respective  words,  Africa,  Ame- 
rica, Asia,  and  Europe.  Wc  will,  therefore,  in  this  article,  treat 
very  briefly  of  the  natural  di\isions  of  the  earth,  and  what  is 
properly  termed  physical  geography. 

Geography  assigns  to  the  enrth  the  following  grand  divisions : 
—Europe,  Asia,  Africa,  America,  Australasia,  or  New  Holland. 

Of  the  grand  divisions  of  the  earth,  Asia  has  ever  been 
esteemed  the  most  populous ;  and  is  supposed  to  contain  five 
hundred  millions  of  souls,  if  China,  as  has  been  averred  by 
the  latest  writers,  comprises  three  hundred  and  thirty  millions. 
The  population  of  Africa  may  be  estimated  at  thirty  millions, 
of  America  at  twenty  millions,  and  one  hundred  and  fifty  mil- 
lions may  perhaps  be  assigned  to  Europe. 

Modern  discoveries  have  evinced  that  more  than  two  thirds 
of  Xhr  globe  is  covered  with  water,  which  is  contained  in  hollow 
spRCfs.  or  concavities,  more  or  less  large.  But  the  chief  con- 
vexities or  protuberances  of  the  globe  consist  of  elevated 
uplands,  sometimes  crowned  by  mountains,  sometimes  rather 
level,  as  the  extensive  protuberance  of  Asia.  In  either  case, 
long  chains  of  mountains  commonly  proceed  from  those  chief 
convexities  in  various  directions,  and  the  principal  rivers 
asually  spring  from  the  roost  elevated  grounds. 

The  grandest  concavity  of  this  globe  is  filled  by  the  Pacific 
Ocean,  occupying  nearly  half  its  surface,  from  the  eastern 
ahores  of  New  Holland  to  the  western  coast  of  America,  and 
diversified  with  several  groups  of  islands,  which  seem  in  a 
manner  the  summits  of  vast  mountains  emerging  from  the 
vraves.  This  ocean  receives  but  few  rivers,  the  chief  being 
the  Amur  from  Tartary,  the  Hoan  Ho  and  Kian  Ku  from  China, 
while  the  principal  rivers  of  America  run  towards  the  east. 

Next  to  this  in  magnitude  is  the  Atlantic,  between  the  Old 
and  New  Continents ;  and  the  third  is  the  Indian  Ocean.  The 
■eas  between  the  arctic  and  the  antarctic  circles  and  the  poles, 
have  been  sometimes  styled  the  Arctic  and  Antarctic  Oceans: 
but  the  latter  is  only  a  continuation  of  the  Pacific,  Atlantic,  and 
Indian  Oceans ;  while  the  Arctic  Sea  is  partly  embraced  by 
continents,  and  receives  many  important  rivers.  Besides 
these,  there  are  other  scun  more  minute,  as  the  Mediterranean, 
the  Baltic,  and  others  still  smaller,  till  we  come  by  due  grada- 
tion to  inland  lakes  of  fresh  water. 

llie  courses  of  rivers  are  sometimes  marked  by  obloni;  con- 
cavities, which  generally  at  first  intersect  the  higher  grounds, 
till  the  declivity  becomes  more  gentle  on  their  apprunrh  to 
their  inferior  receptacles.  But  e^en  larec  rivers  are  found 
sometimes  to  spring  from  lowland  niar^^hf^,  and  wind  throuch 
vast  plains,  unaccompanied  by  any  concavity,  except  that  of 
their  immediate  course;  while  on  the  other  hand,  extensiive 
▼ales,  and  low  hollow  spacer,  frequently  occur  destitute  of  any 
stream.  Rivers  will  also  sometimes  force  a  passage  where 
nature  has  erected  mountains  and  rocks  against  it,  and  where 
the  concavity  would  appear  to  be  in  another  direction,  whieh 
the  river  might  have  gained  with  more  ease.  In  lil^e  manner, 
thongh  the  chief  mountains  of  Europe  extend  in  a  south- 
easterly and  north-westerly  direction.  \et  there  are  !(o  many 
cseeptions,  and  such  numerous  and  important  variations  in 
other  parts  of  the  globe,  as  to  render  an>  attempt  at  a  general 
theory  vain. 

From  the  vast  expanse  of  oceanic  waters,  arises  in  the 
aneient  hemisphere  that  wide  continent,  whieh  contains  Asia, 
Europe,  and  Africa;  and  in  the  modern  hemisphere  the  conti- 
aeot  of  America,  whieh  forms  a  kind  of  separate  islajid, 
divided  by  a  strait  of  the  sea  from  the  ancient  continent    Id 


the  lattsr,  many  discoveries  of  great  Importaoce  to  geography 
are  of  a  very  recent  date,  and  it  is  not  above  eighty  years  sinoa 
we  obtained  an  imperfect  idea  of  the  extent  of  Siberia  and  tha 
Russian  empire,  nor  above  thirty-five  since  ample,  real,  and 
accurate  knowledge  of  these  wide  regions  began  to  be  diffused. 
So  that,  in  truth,  America  may  be  said  to  have  been  discovered 
by  Europeans  before  many  parts  of  Asia ;  and  of  Africa  our 
knowledge  continues  imperfect,  while  the  latest  observations, 
instead  of  diminishing,  rather  increase  our  idea  of  its  extent, 
at  least  in  regard  to  its  insular  appendages. 

But  the  grandest  division  of  the  ancient  continent  is  Asia, 
the  parent  of  nations,  and  of  civilisation :  on  the  north-east 
and  south,  surrounded  by  the  ocean ;  but  on  the  west,  divided 
by  an  ideal  line  from  Africa ;  and  from  Europe  by  boundaries 
not  very  strongly  impressed  by  the  hand  of  nature.  The  Rus- 
sian and  Turkish  empires,  extending  over  large  portions  of 
both  continents,  intimately  connect  Asia  with  Europe.  But 
for  the  sake  of  clearness  and  precision,  geographers  retain  the 
strict  division  of  the  ancient  continent  into  three  parts,  whieh. 
if  not  strictly  natural,  is  ethical,  as  the  manners  of  the  Asiatic 
subjects  of  Russia,  and  even  of  Turkey,  differ  considerably 
from  those  of  the  European  inhabitants  of  th(»se  empires. 

PhtfMical  fjrVo5rra;}Ay.— The  prevailing  theories  of  the  present 
day  arc  the  indentions  of  Professor  Werner,  of  Freyborph,  and 
Dr.  James  Hutton,  of  E<linbnrgh ;  each  of  these  has  been 
ably  supported  and  elucidated  by  the  proofs,  illustrations,  and 
comparative  views  of  acute  and  eloquent  controversialists,  and 
two  sects  have  been  formed,  under  the  appellation  of  Werne- 
rians  and  Iluttonians.  The  first  principle  which  the  >Verne« 
rian  theory  assumes  is,  that  our  globe  was  once  covered  with  a 
sort  of  chaotic  compost,  holding,  either  in  solution  or  suspen- 
sion, the  various  rocks  and  strata  which  now  present  them- 
selves to  us  as  its  exterior  crust.  From  some  unexplained 
cause,  this  fluid  began  first  to  deposit  those  bodies  whieh  it  held 
in  chemical  solution,  and  thus  a  variety  of  crystalliied  roekn 
were  formed.  In  these  we  find  no  vegetable  or  animal  remains, 
nor  even  any  rounded  pebbles ;  but  in  the  strata,  whieh  lie 
upon  the  crystalline  or  first  deposits,  shells  and  fragments 
occasionally  occur;  these,  therefore,  have  been  termed  transit 
tion  strata;  and  it  is  imagined,  that  the  peopling  of  the  world 
commenced  about  this  period.  The  waters  upon  the  earth 
began  now  more  rapidly  to  subside,  and  finely  divided  parti- 
cles, chiefly  resulting  from  disintegration  of  the  first  formations, 
were  its  chief  contents; — these  were  deposited  upon  the 
transition  rocks,  chiefly  in  horizontal  layers.  They  abound  in 
organic  remains,  and  are  termed  by  Werner,  Fhel:^  or  #«rfni- 
dar}f  rocks. 

It  is  now  conceived,  that  the  exposure  of  the  primiiire  transi' 
tion  and  secondary  rocks  to  the  agencies  of  the  wind  and  wea- 
ther, and  to  the  turbulent  state  of  the  remaining  ocean, 
produced  inequalities  of  surface,  and  that  the  water  retreated 
into  low  lands  and  valleys,  where  a  further  deposition  took 
place,  constituting  clay,  gravel,  and  other  aflurial  formations. 

There  are  also  certain  substances  which,  instead  of  being 
found  in  regularly  alternating  layers  over  the  earth,  are  met 
with  in  patches;  as  rock-salt,  coal,  basalt,  and  some  other 
bodies  which  Werner  hath  called  tuhorHinate  formations. 
Lastly,  subterraneous  fires  have  sometimes  given  birth  to  pecu- 
liar and  very  limited  products ;  and  these  are  called  rolcmmie 
rocks.  Such  is  Werner's  account  of  the  production  of  rocks, 
which  he  arranges  under  the  terms  primarjf  transition,  seeomiary, 
alluvial,  snbordinate,  and  volcanic  formations. 

Hutton,  looking  upon  the  face  of  nature,  gives  a  very  diffe- 
rent account  of  the  present  order  of  things,  and  observes  every 
thing  in  a  state  of  decay ;  but  as  she  has  obviously  provided 
for  the  regeneration  of  animal  and  vegetable  tribes,  the  philo- 
sopher descries  in  this  apparent  destruction  of  the  surface  oi 
the  earth,  the  real  source  of  its  renovation.  The  stupendous 
mountai.fs  exposed  to  the  action  of  the  varying  temperature  of 
the  atmosphere,  and  the  waters  of  the  clouds,  are,  by  slow 
decrees,  sulTering  constant  diminution;  their  fragments  ara 
dislodged,  masses  are  rolled  into  the  valley,  or  carried  by  the 
rushing  torrent  into  rivers  ;  whence  they  are  transported  to  the 
sea.  The  lower  and  softer  rocks  are  undergoing  similar,  bat 
more  ra|nd  destruction.  The  result  of  all  this  must  be,  the 
accumalation   of  new  matter   \n  the  oeeaa,  whieh  will  he 
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deposited  in  horizontal  layers.  Hatton  parcel? es  the  transi- 
tion rocks  of  Werner,  though  not  strictly  crystalline,  made  up 
apparently  of  finely  divided  matter,  more  or  less  indurated ; 
sometimes  very  hard  in  texture,  and  of  a  vitreous  fracture ; 
that  this  hardening  is  most  perceptible  when  in  contact  with 
the  primitive  or  in^rior  rock,  which  often  pervades  the  transi- 
tion rocks  in  veins,  or  appears  to  have  bioken  up  or  luxated 
the  superincumbent  masses.  The  transition  or  secondary 
rocks  of  Werner  were,  according  to  Hutton,  deposited  at  the 
bottom  of  the  ocean,  in  consequence  of  operations  similar  to 
those  which  are  now  active,  and  the  primary  rocks  were  formed 
beneath  them  by  the  operation  of  subterraneous  fires ;  their 
crystalline  texture,  their  hardness,  their  shape  and  fracture, 
and  the  alterations  they  have  produced  upon  their  neighbours, 
are  the  proofs  of  the  correctness  of  these  views.  It  is  by  the 
action  of  fire  then,  that  rocks  have  been  elevated,  that  strata 
have  been  hardened,  and  that  those  changes  have  resulted, 
which  an  examination  of  the  earth's  surface  unfolds.  The 
production  of  soils,  and  of  alluvial  lands,  is  considered  as 
dependent  upon  causes  the  same  as  those  referred  to  in  the 
other  theory.  Hutton  refers  to  fire  as  well  as  water,  for  the 
production  of  our  present  rocks ;  the  former  consolidating, 
hardening,  and  elevating ;  the  latter,  collecting  and  depositing 
the  strata. 

GEOLOGY,  is  the  doctrine  of  the  earth  in  its  insentient,  or 
unorganized  frame,  or  of  those  masses  of  rock,  mountains, 
strata,  minerals,  &c.  which  compose  the  earth.  The  science  of 
geology,  independently  of  the  healthy  employment  it  affords,  is 
of  great  importance  in  a  practical  point  of  view.  It  very 
nearly  concerns  the  miner,  engineer,  and  drainer,  and  even  the 
farmer  and  architect ;  and  discloses  a  variety  of  indications 
highly  useful  in  their  respective  pursuits :  to  the  miner,  the 
rocks  containing  metallic  veins  and  coals ;  to  the  engineer, 
the  association  of  hard  rocks  with  soft;  to  the  drainer,  the 
intersection  of  a  country  by  hv d  dykes,  or  veins  impermeable 
to  water;  to  the  farmer,  the  best  places  for  finding  lime-stone, 
marl,  and  clay ;  and  to  the  architect,  the  most  durable  stones 
for  building. 

The  stony  raasses'of  which  ^he  earth  is  composed,  are  nume- 
rous, and  are  found  laid  one  above  another,  so  that  a  rock  of  one 
lund  of  stone  is  covered  by  another  species  of  rock,  and  this 
by  a  third,  and  so  on.  In  this  superposition  of  rocks,  it  has 
been  observed,  that  their  situation  is  by  no  means  arbitrary ; 
each  occupies  a  determinate  place,  so  that  they  follow  one 
another  in  regular  order  from  the  deepest  part  of  the  earth's 
crust,  which'  has  been  examined,  to  the  very  surface.  Thus 
there  are  two  things  respecting  rocks  which  claim  our  attention ; 
namely,  their  composition,  and  their  relative  situation.  But 
besides  the  rocks  which  constitute  almost  the  whole  of  the 
earth's  crust,  there  are  masses  to  be  considered  traversing  the 
rocks  in  a  different  direction,  and  known  by  the  name  of  veins, 
as  if  the  rocks  had  split  asunder  in  different  places  from  top  to 
bottom,  and  the  ohasm  had  been  afterwards  filled  up  with  the 
matter  which  constitutes  the  vein.  It  appears,  therefore,  that 
the  subject  naturally  divides  itself  into  three  parts ;  I.  The 
stractore  of  rocks ;  2.  The  situation ;  and  3.  Veins. 

Of  the  Struettare  of  Roekt,— Rocks  may  be  divided  into  two 
classes :  first,  those  composed  of  one  mineral  substance,  and 
which  are  in  reality  simple  rocks ;  secondly,  we  observe  rocks 
that  are  compound,  or  composed  of  more  than  one  mineral  sub- 
iUnee,  Cemented ;  composed  of  grains  agglutinated  by  a 
cement,  as  sand-stone.  Others  that  are  aggregated ;  composed 
of  parts  oonneoted  together  without  a  cement,  as  g^nite. 

The  aggregated  rocks  are  likewise  of  two  kinds ;  namely, 
I.  Indeterminate.  Only  one  instance  of  this  kind  of  aggregation 
has  hitherto  oeourred,  namely,  in  the  older  serpentine,  where 
limestone  and  serpentine  are  so  conjoined  that  it  is  difficult 
to  say  which  predominates.  II.  Determinate,  which  are  either 
1.  Single  aggregated ;  or  2.  Double  aggregated. 
,  There  are  four  kinds  of  single  aggregated  rocks ;  namely,  1, 
Granular;  composed  of  grains  whose  length,  breadth,  and 
thiokaess  are  nearly  alike,  and  which  are  of  contemporaneous 
formation ;  as  aramite  sienite.  I.  Slaty ;  composed  of  plates 
kud  above  each  other ;  as  mka  state.  3.  Porphyritic ;  com- 
posed of  a  Gompaot  ground,  containing  in  it  crystals,  which 
appear  to  ha? c  been  deposited  at  tiM  time  the  rock  was  formed; 


as  common  porphyry.    4.  Amygdaloidal ;  composed  of  a 

pact  grouno,  containing  in  it  vesicles  which  appear  to  hate 
been  afterwards  filled  up ;  as  amygdaloid. 

There  are  five  kinds  of  double  aggregated  rocks ;  namely,  1, 
Granular  slaty ;  composed  of  slaty  masses  laid  on  each  other. 
Every  individual  slate  is  composed  of  grains  cohering  together; 
or  it  is  slaty  in  the  great,  and  granular  in  the  small ;  asenmi. 

2.  Slaty  granular ;  composed  of  large  granular  masses  coberii^ 
together ;  each  grain  is  composed  of  plates ;  or  the  roek  is 
granular  in  the  great,  and  slaty  in  the  small ;  as  t&paz  rodL 

3.  Granular  porphyritic  ;  granular  in  the  small,  and  porphyritic 
in  the  great ;  as  granite,  green-stone  frequently.  4.  Slaty  por- 
phyritic, slaty  in  the  small,  porphyritic  in  the  great,  as  ancs 
slate.  5.  Porphyritic  and  amygdaloidal,  at  the  same  time ;  u 
amygdaloid  and  basalt  freouently. 

Of  the  relative  Situation  of  Rocks, — ^The  rocky  masses,  amoaat- 
ing  to  about  sixty,  are  variously  placed  over  each  other,  and 
occupy  determinate  situations,  limestone  above  granite,  IcCi 
The  rocks  which  constitute  the  nucleus  and  even  omst  of  the 
earth,  are  thus  every  where  the  same,  in  the  same  situations  with 
respect  to  each  other,  and  they  may  all  be  divided  into  ive 
classes  :  I.  The  nucleus  mass,  nearest  the  centre,  or  the  basil 
of  other  formations.  2.  Those  which  cover  the  first ;  the  third 
covering  the  second,  and  so  on.  Therefore  the  first  dass, 
though  covered  by  all  the  rest,  never  lie  over  any  other  class. 
These  9rand  classes  of  rocks  he  has  denonunated/bmuiHraf, 
and  distinguished  them  by  the  following  specific  names.  1. 
Primitive  formations.  2.  Transition  formations.  3.  Floetz, 
or  horizontal  formations.  4.  Alluvial  formations.  6.  Volcanic 
formations. 

The  primitive  formations  are  the  lowest  of  all,  and  the  allu- 
vial constitute  the  surface  of  the  earth  ;  for  the  volcanic  are 
confined  to  particular  points.  Not  that  the  prinutive  are 
always  at  a  great  depth,  for  very  often  they  are  at  the  surface, 
or  even  constitute  mountains.  In  such  cases,  the  other  for- 
mations are  wanting  altogether.  In  like  manner,  the  transi* 
tion,  and  other  classes,  may  each  in  its  turn  occupy  the  surface 
or  constitute  the  mass  of  a  mountain.  In  such  oases,  all  the 
subsequent  formations  are  wanting  in  that  particular  spot 
Each  of  these  grand  classes  of  formations  consist  of  a  great  or 
small  number  of  rocks,  which  occupy  a  determinate  positiea 
with  respect  to  each  other,  and  which,  like  the  gpreat  formatiom 
themselves  ,  may  often  be  wanting  in  particular  places. 

Class  I.  Primitive  Formations,  The  rocks  which  constitDtt 
the  primitive  formations  are  numerous,  and  have  been  divided 
into  seven  sets,  which  constitute  as  many  primitive  formatioDS. 
They  are  distinguished  each  by  the  name  of  that  particnlsr 
rock  which  constitutes  the  greatest  proportion  of  the  formatioa. 
And  these  seven  sets  of  primitive  formations  are  the  foUowiag: 

\'  ftnpui^'  y^-  Newest  primitive  porphyry, 

I:  S?ca  slate,  !«•  S'^""'^' 

4.  Clay  slate,  7.  Newer  serpentine. 

The  granite  is  the  undermost,  the  sienite  the  uppermost,  of  tbe 
primitive  formations.  Granite  is  scarcely  mixed  with  any  other 
rock ;  but  in  gneiss,  mica-slate,  and  clay-slate,  there  occur  beds* 
of  old  porphyry,  primitive  trap,  primitive  limestone,  old  serpea* 
tine,  quartz  rock,  which  constitute  formations  subordinate  ts 
gneiss,  mica-slate,  and  clay-slate.  Gypsum  is  met  with  Inbcdi 
of  mica-slate,  and  old  flint  in  clay-slate.  These,  therefore,  aie 
formations  subordinate  to  mica  and  clay-slate.  Thus,  besidei 
seven,  principal,  there  are  seven  subordinate  formations,  inter* 
spersed  among  the  second,  third,  and  fourth  formations,  to 
which  we  may  add  topaz  rock,  lying  over  gneiss  and  under  day- 
slate,  so  that  the  primitive  formations  amount  in  all  to  16. 
Granite  is  the  oldest,  and  alluvial  the  newest  formatioiis. 

Class  2.  Transition  Formations,  lying  immediately  over  the 
primitive  formations,  consist  only  of  4  sets.  I.  Gray-waeke; 
2.  transition  lime-stone  ;  3.  transition  trap;  4.  transitioa  fiat- 
slate  ;  all  which  alternate  with  each  other,  except  the  fiaa- 
stone,  which  seems  to  rest  upon  the  primitive  formations. 

It  is  in  the  transition  rocks  that  petrifactions  first  aMke 
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tkeir  appearance ;  and  Ibegr  ahraya  eonsiit  of  upeciea  of  eoralt 
ami  Booph>tes.  which  do  not  at  prcAent  exist,  and  which 
therefure  we  may  suppose  extinct  The  YCf^etable  petrifac- 
tioDS  are  likewise  the  lowest  in  that  kingdom,  sacb  as  feraes, 
Ite.  This  remarkable  circumstance  has  iodaeed  Werner  to 
conclude,  that  the  transition  rocks  were  formed  after  the 
earth  contained  organic  beings.  Hence  the  naoM  trmtuiiian 
which  he  has  imposed,  as  if  they  had  been  formed  when  the 
earth  was  passing  from  an  uninhabited  to  an  inhahited  state. 
The  date  of  their  formation  is  ooncei%  cd  to  be  f  ery  remote, 
since  the  petrifactions  which  they  contain  are  the  remains  of 
animal  and  f  egetable  species  now  extinct.  It  is  in  the  transi* 
tion  rocks,  too,  that  carbonaceous  matter  makes  its  first  appear* 
anre  in  any  assignable  quantity. 

Class  3.  Floetx  Formations.  The  next  grand  class  of 
foimatious  has  received  the  name  oi  floei:^  because  they  lie 
usually  in  beds  much  more  nearly  horizontal  than  the  preyed- 
inic.  When  not  covered  by  a  succeeding  formation,  they  form 
hills  which  do  not  rise  to  the  same  hrij^ht  as  the  primitive  or 
trantition.  They  contain  petrifactions  more  various  in  their 
nature  than  those  which  occur  in  the  transition  formations,  and 
consist  of  shells,  fish,  plants,  &c.  indicating,  that  they  were 
formed  at  a  period  when  organized  bf  in^s  abounded. 

The  floetz  formations  lie  immediately  over  the  transition. 
They  comprehend  a  great  number  of  individual  formations, 
each  of  which  affects  a  particular  situation.  The  following 
table  exhibits  a  view  of  tliese  different  formations  in  the  order 
of  their  position,  as  far  as  is  known. 


1.  Old  red  sand-stone, 

2.  First  fioetz  lime-stone, 

3.  First    floeti    gypsum  with 

rock-salt, 

4.  Variegated  sand-stone, 
6.  Second  floetz  gypsum. 


6.  Second  floetz  or  shell  lime* 
stone, 

7.  Third  sand-stone  or  free- 
stone, 

8.  Chalk, 

0.  Independent  coal, 
10.  FloeU  trap. 

The  lloeti  trap  formation  lies  over  the  rest,  pretty  much  as 
the  newer  porphyry  and  sienite  do  over  the  older  primitive 
formations. 

Class  4.  Aliuviml  Formations,  The  alluvial  formations  eon- 
ttitute  the  great  mass  of  what  is  actually  the  eartb*s  surface. 
They  have  been  formed  by  the  gradual  action  of  rain  and 
river  water  upon  the  other  formations,  and  may  be  considered 
as  very  recent  formations,  or  rather  as  deposites,  the  formation 
of  which  is  still  constantly  going  on.  They  may  be  divided 
into  two  kinds,  those  deposited  in  the  vallevs  of  mountainoas 
districts,  or  upon  the  elevated  plains  which  oflen  oceor  in 
mountains ;  and  those  deposited  upon  flat  land.  The  first  kind 
consist  of  sand,  gravel,  &c.  which  constituted  the  more  solid 
parts  of  the  neighbouring  mountains,  and  which  remained  when 
the  less  solid  parts  were  washed  away.  They  sometimes  oon- 
tain  ores,  (particularly  gold  and  tin,)  which  existed  in  the  neigh- 
bouring mountains.  Sometimes  the  alluvial  jioil  is  washed.  In 
order  to  separate  these  ores.  On  mountain-plains  beds  of  loam 
are  found.  The  second  kind  of  alluvial  deposite,  or  that  which 
occupies  the  flat  land,  consists  of  loam,  clay,  sand,  turf,  and 
cfllctjiff.^  Here  also  occur  earth  and  brown  coal,  (in  this 
mineral  amber  is  found.)  wood  coal,  bituminous  wood  and  bog 
iron-ore.  The  sand  contains  some  metals,  amonir  others  gold. 
The  ealctuff  is  a  chemical  deposite,  and  extends  widely.  It 
contains,  plants,  roots,  moss,  bones,  &c.  which  it  has  encrusted. 
The  clay  and  sand  often  contain  petrified  wood,  and  likewise 
skeletons  of  quadrupeds. 

Class  5.  VoUmnie  Formmtions.  The  volcanic  formations  are 
of  two  kinds ;  namely,  pstudo-voUamc  and  the  truo  voirmnie. 
The  pseudo-volcanic  consists  of  minerals  altered  in  conftC- 
qoettce  of  the  burning  of  beds  of  coal  situated  in  their  neigh- 
boarbood.  Pon^elain  jasper,  earth  si }i^.  burnt  clay,  columnar 
clay-iron-stooe,  and  perhaps  also  poli«»hing  slate,  tre  the  mine- 
rals which  have  been  ihns  altered.  The  real  volcanic  minerals 
»re  those  which  have  been  thio^  n  out  of  the  crater  of  a  volcano. 
They  are  oflhree  kinds.  I.  Tliose  substances  which  having 
been  thrown  out  from  time  to  time,  have  formed  the  ciater  of 
die  mountain.    2.  Those  which  have  been  thrown  out  of  the 
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o#ater  in  a  stream,  and  rolled  down  the  moantaio ;  they  consti- 
tute lavas.  3.  The  water  which  is  occasionally  thrown  out  of 
volcanoes,  containing  ashes  and  other  light  sobntancet,  gra- 
dually evaporating,  leaves  the  earthy  matter  behind  it:  thb 
substance  constitutes  volcanic  tuff. 

Until  lately,  the  cause  of  volcanic  fire  was  referred  to  sul- 
phur, coal,  and  other  inflammable  matter,  supposed  to  be 
burning  in  immense  masses  in  the  bowels  of  the  earth  ;  but  the 
products  of  volcanic  irruptions  by  no  means  agree  with  such 
an  explanation.  Earthy,  alkaline,  and  metallic  bodies,  form 
the  lava,  and  as  the  products  of  combustion  always  have  » 
reference  to  the  combustible,  such  matters  were  not  likely  to  be 
produced  from  sulphur  and  coal. 

We  have  only  to  suppose  the  access  of  water  to  large  masses 
of  different  metals,  and  that  it  is  decomposed  b>  a  KaUanic 
action,  as  exemplified  in  experiments  where  copper  and  zinc 
are  used  in  voltaic  batteries.  Uy  these  meaus,  immense 
volumes  of  hydrogen  gas  are  let  free  as  the  metals  are  oxi- 
dized. The  violence  of  the  action  sets  fire  to  the  h)drocen.  and 
the  accumulated  heat  is  so  intense  as  to  cause  the  fusion  of 
ever^  surrounding  substance.  By  this  tlicorv,  we  are  in  pos- 
sessiou  of  all  the  knowledge  that  is  wanted  to  produce  the 
tremendous  effects  of  earthrjuakes  and  volcanoes  : — for  what 
poller  can  resist  the  expand vo  force  of  steam!  What  power 
can  resist  the  sudden  evolution  of  i^aseous  fluid,  accompanied 
by  torrents  of  the  earth  in  a  state  of  fusion,  which  such  a  con- 
currence of  circumstances  muft  give  rise  to,  and  which  are  the 
actual  concomitants  of  volcanic  irruptions? 

Of  Veins, — Veins  are  mineral  repositories  which  cut  through 
the  strata  of  which  a  mountain  is  composed,  and  which  are 
filled  with  substances  different  from  the  rocks  through  which 
they  pass.  If  we  suppose,  that  the  mountains  in  which  veins 
occur  were  split  by  some  means  or  other,  and  that  the  rifts 
thus  formed  were  filled  up  by  the  matter  which  constitutes 
veins,  we  shall  have  a  clear  notipn  of  these  mineral  repositories, 
and  which  are  distinguished  from  beds  by  their  direction,  it 
being  either  perpendicular  to  the  stratifications,  or  at  least  in 
an  angle  mith  it  Sometimes  the  strata  through  which  veins 
pass  are  merely  separated  from  each  other :  so  that  if  we  cut 
through  the  vein,  we  find  the  same  strata  of  the  rock  on  both 
sides  of  it ;  but  sometimes  also  the  corresponding  strata  on 
one  side  are  lower  than  on  the  other,  as  if  the  portitm  of  the 
rock  on  one  side  of  the  vein  had  sunk  a  little,  while  the  portion 
on  the  other  side  kept  its  original  position.  In  such  ctknf.%  the 
side  of  the  rock  against  which  the  vein  leans,  or  the  floor  of  the 
vein,  has  always  its  strata  highest  up  ;  whilst  the  strata  of  the 
portion  of  rock  which  leans  over  the  veins,  or  the  roof  of  the 
▼ein,  are  always  lowest  So  that  this  is  the  portion  which 
appears  to  have  sunk.  Such  a  change  of  position  in  the  strata 
is  known  in  this  oonntry  by  the  name  of  fi  sMtft, 

In  considering  veins,  there  are  two  circomstances  which 
claim  our  attention:  namelv,  1st  The  shape  of  yeios;  and, 
2dly.  The  substances  with  which  they  are  filled* 

1.  All  those  mineralogists  who  have  had  the  best  opportunity 
of  examining  the  shape  of  veins  with  correctness,  represent 
them  as  midest  above,  and  diminishing  in  size  as  the|  deepen, 
till  at  last  they  terminate  in  a  point,  as  if  they  had  been  origi- 
nally fissures.  Sometimes,  indeed,  veins  widen  in  different 
parts  of  their  course,  and  aflerwards  contract  again  to  their 
former  size  ;  but  more  commonly  they  continue  diminishing  to 
their  extremity. 

2.  Sometimes  these  veins  are  either  partially  or  entirely 
empty.  In  that  case  they  are  denominated ^ncrft ;  but  most 
commonly  they  are  filled  with  a  matter  more  or  less  different 
from  the  rock  through  which  they  pass.  Sometimes  the  vein 
is  filled  up  with  one  s|>eries  of  mineral.  Thus  we  have  veins  of 
calcareous  spar,  of  quartz,  &(C.;  but  when  a  vein  is  of  any  size, 
we  u.«ually  meet  mitb  a  variety  of  substances:  these  are  dis- 
posed in  ref^ular  layers  always  parallel  to  the  sides  of  the  vein, 
and  thev  follow  in  their  position  a  very  lecular  order.  One 
species  of  mineral  constitutes  the  centre  of  the  «ein;  on  each 
side  of  this  central  bed  the  same  layers  occur  in  the  same 
order  from  the  centre  to  the  side  of  the  \ein.  To  give  an 
example;  the  vein  Grecorius,  at  Freyberir,  is  composed  of 
nine  la}eis  or  beds.  The  middle  of  the  vein  consists  of  a 
layer  of  calcareous  spar  i  oa  each  aide  of  this  is  a  layer  aott^ 
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■iating  of  vmriona  ores  of  ailier  mixed  tf^etber ;  on  each  lide 
of  this  B  layer  of  brown  spar;  on  each  side  of  this  a  lajer  of 
galeoa ;  od  each  side  of  this  a^tio,  aod  contiguous  to  (he  side 
of  the  vein,  is  a  layer  of  quartz. 

Tbe  following  diafcraro  will  ei*e  the  reader  soine  notion  of 
the  relative  position  of  these  layers : — 


c. 

Gneiss 

fOCk. 

ill 
55  s 

1.  6 

III! 

Gneiss 
rock. 

Sometimes  the  nuiaber  of  layers  ofnhirh  a  vein  is  composed 

S'eatlj  exceeds  this.  WerDCr  describes  one  in  tbc  djslrict  of 
reyberg,  in  which  the  middle  layer  is  calcareous  spar,  having 
on  each  side  of  it  no  less  than  thirteen  layers  arranged  in  the 
very  same  order. 

Almost  all  the  mineral  aabstances  which  occor  in  the  masH 
of  rocks  have  been  found  in  veins.  We  soiiielimes  find  Ihem 
filled  with  diffcient  nrll-known  stony  bodies,  as,  granite, 
porphyry,  limestone,  basalt,  nacke,  green-stone,  &c. ;  teios 
of  quartz,  clay,  felspar,  ice.  are  equally  common. 

Pit-coal  and  common  salt,  and  almost  all  the  metals,  like' 
wise  occur  in  veins.  Some  veins  are  filled  with  vrater-wom 
pebbles,  others  with  loam;  sometimes  with  peirifactioos. 

Werner  supposes  thai  they  nere  originally  Assures  formed 
In  tbe  rocks,  and  that  they  were  all  gradually  filled  by  minerals 
deposited  slowly  from  above,  while  the  rocks  in  which  they 
occor  were  covered  by  water,  and  thai  tliey  were  filled  at  the 
same  time  that  tbe  different  formations  were  deposited. 

This  theory  he  has  supported  in  his  bonk  on  Veins,  by  a 
very  complete  eaumeratioD  of  all  the  ciroumslances  re.ipecting 
their  structure  and  appearances.  He  has  shcwri  that  they 
resemble  fissures  very  exactly  in  their  shape  and  direction: 
and  that  as  they  contain  petriraciinns  and  minerals  altered 
by  the  action  of  water,  they  must  of  necessity  have  been  filled 
from  above. 

Veins  of  coorse,  Bccnrding  to  this  theory,  are  newer  than  tbe 
Tocks  ID  which  they  occur:  and  when  two  veins  cross,  that  is 
obvioosly  tbe  newest  which  traverses  the  other  wifhoot  inter- 
ruption, as  the  fissures  constituting  the  second  vein  must  have 
been  formed  after  tbe  first  vein  was  filled  ap.  When  different 
veins  contain  the  same  minerals  arranged  in  the  same  order, 
he  conceiies  that  they  were  filled  at  the  same  time,  and  says, 
thnt  aoch  vrins  belong  to  the  same  formation.  When  they 
diOer  in  these  respecla,  they  belong  to  different  formations. 
From  the  position  of  the  respective  veins  with  regard  to  each 
other,  he  dednces  their  relative  age:  and  from  ibis  draws 
inferences  respecting  the  relative  age  of  the  diffen-nt  mine- 
ral substances  that  nccur  in  veins,  similar  to  the  inferences 
drawn  respecting  the  age  of  the  rocfcs  which  constitute  tbe 
paod  Classes  of  formations. 

OEOMETRY,  denotes  one  of  the  most  general  and  import- 
ant of  tbe  mathematical  sciences  :  and  accordinK  to  the  present 
acceptation  of  the  term,  may  be  defined  the  science  ofextcn- 
flion,  or  of  magnitudes,  considered  simply,  generally,  and 
abstractedly  ;  or  rather,  it  is  that  science  which  treats  of  the 
relative  magnitudes  of  extended  bodies.  Geometry  Is  dis- 
tinguished into  several  deDomina1ions,asana/y(ieaf,rf(nien(ar^, 
practical,  Sio. 

Eltmentaiy  Geomiithv,  is  that  which  treats  of  the  properties 
and  proportions  of  right  lines  and  right-lined  figures,  as  also 
of  the  circle  and  its  several  parts,  and  is  either,  theoretical  or 
practical. 

Tkrorftical  Gt.oiiETKr,  bas  for  its  object  the  demoDStration 
of  certain  geometrical  propositions. 

Practiral  GEOMETRY,  relates  to  the  performance  of  certain 
geometrical  operation*,  such  as  the  construction  of  figures,  and 
the  drawing  of  lines  in  certain  positions,  as  parallel,  perpendi- 
eoler.  dc.  to  other  given  lines. 

QEouETRr  of  the  Compati,  is  a  modera  branch  of  practical 


geometry,  in  wUcb  all  the  problems  are  performed  by  mnaM  ot 
tbe  compasses  only. 

Tbe  most  approved  modern  works  on  the  elemcDta  of  geo- 
metry are  those  of  Euclid,  as  translated  by  Simson,  Ingraa, 
and.  Playfair;  and  the  treatises  of  Professor  Leisle,  and  H. 
Legendre.  In  practical  geometry,  we  may  recommend  tbe 
works  of  Mallet,  Clavins,  Tacquet,  and  Ozanam.  In  analyti- 
cal geometry,  those  of  MongA  and  Gamier. 

Prob.  1,  fig.  1.— To  bisect  a  given  line  AB.— I.  From  the 
points  A,  B,  as  centres,  with  any  distance  greater  than  half  A  B, 
describe  arcs  cutting  each  other  in  c  and  d.  1.  Draw  tbe  liae 
e  d  and  tbe  point  E,  where  it  cuts  A  B,  will  be  the  middle  of 
tbe  line  required. 

Prob.  2,  fig.  2.— From  a  pven  point  C,  in  a  given  right  liae 
A  B,  to  erect  a  perpendicular.  WAen  the  poira  it  near  iht  mid- 
die  of  the  line:  1.  On  each  side  of  the  point  C  take  any  tee 
eqoal  distances  C  d  and  C  t.  2.  From  d  and  e.  with  any  radini 
greater  than  Cd,otC  «. describe  two  arcs  cuttiageach  other  ia/. 


Fiff.  1 


Fig.2. 


A.d  c  »     & 

3.  Throngh  the  points  f,  C,  draw  the  lioe/C,  which  will  be  ikc 
perpendicular  required. 

Fig.  3.  When  the  point  ii  at,  cr  near,  the  end  of  the  Hmt.^i. 
Take  any  point  d  aoove  the  line,  and  with  the  radius  or  dis- 
tance i/C.  describe  the  arc  eCf,  cutting  ABin«andC.  1 
Through  the  centre  d  and  the  point  e,  draw  the  line  c  df,  cat- 
tir.g  the  arc  e  Cf,  in/.  .3.  Through  the  points/ and  C,  draw 
the  llne/C,  and  it  will  be  the  perpendicular  required. 

Prob.  3,  fig.  4.— From  a  given  point  C,  without  a  given  right 
line  A  B.  to  let  fall  a  perpendicular. —  I.  From  the  point  C, 
with  any  radius,  describe  tbe  arc  de,  cutting  A  B  in  <  and  4. 
1.  From  the  points  e,  d  with  the  same,  or  any  other  radios, 
describe  two  arcs  on  the  other  side  of  the  line,  catting  eich 
othei  in  /.  3.  Through  the  points  C,  f,  draw  tbe  line  C  D/, 
and  C  D  will  be  the  perpendicular  required. 

Fig.  3.  Fis.  4. 


Prob.  4,  fig.  5. — At  a  given  point  D,  upon  the  right  line  D& 
to  make  an  angle  equal  to  a  given  angle  a  Bi.F-1.  From  Ike 
point  i),  with  any  radios,  describe  the  arc  ab,  cutting  tbelep 
Ba,  Bfr,  in  the  points  a  and  b.  2.  Draw  the  lino  D  E.  andfroa 
the  point  D,  with  the  same  radius  as  before,  describe  the  lit 
r/,  cutting  DE  in  e.  3.  Take  tbe  distance  6  a,  and  apply  it  is 
the  arc  ef,  from  e  to/.  4.  Through  the  points  D/,  draw  tbc 
line  D/.  and  the  angle  #D/will  be  a<)ual  to  tbe  angletBi. 
as  was  required. 

Prob.  &,  6s.  6.— To  divide  a  given  angle  ABC  into  eqail 
ancles. — I.  From  the  point  B,  with  any  radius,  describe  tbe  irc 
AC,  2.  From  A  and  C,  with  the  same,  or  any  other  radins. 
describe  arcs  cutting  each  other  in  d.  3.  Draw  tbe  line  Bi. 
aod  it  will  bisect  the  angle  ABC  into  three  equal  angle* 
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Proh.  6.  •f^.7.— 
To  trisect,  or  divide, 
a  rif^bt  angle  ABC 
iBto  three  equal  an* 
fles. — 1.  From  the 
point  B,  with  any 
radios  B  A, describe 
tbe  arc  A  C,  cuttinjc 
the  legs  B  A.  and 
BC,  in  AandC.  2. 
From  the  points  A, 
and  C,  with  the  ra- 
dius A  B,  or  B  C, 
cross  the   arc   A  C 

Fig.  7. 


Fig.  9. 


V 
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ini,  and  e,  3.  Throufch  the  points  e,</,  draw  the  lints  Bt, 
Bd,  and  they  will  trisect  the  aoficles  as  was  required. 

Proh.  7,  fig.  8. — Through  a  g^ven  point  C,  to  draw  a  line 
parallel  to  a  given  line  A  B. — 1.  Take  any  point  </,  in  A  B, 
■pon  d  and  C,  with  the  distance  C  </,  describe  two  arcs  e  C,  and 
df,  cutting  the  line  A  B  in  e  and  </.  2.  Make  ^/eqoal  to 
c  C :  join  C/,  and  it  will  be  parallel  to  A  B  as  required. 

Pig.  9.  IVhen  the  pmralUl  it  to  be  at  a  fiven  distance  E  Ffrom 
A  B. — 1.  From  any  two  points  c  and  d,  in  the  line  A  B.  with  a 
radius  equal  to  E  F.  describe  the  arcs  e  and/.  2.  Draw  the 
line  C  D  to  touch  those  arcs  without  cutting  them,  and  it  will 
be  parallel  to  A  B,  as  was  required. 

Proh,  8,  fig.  10. — To  draw  a  tanpent  to  a  given  circle,  that 
shall  pass  through  a  given  point  A.— 1.  From  the  centre  O, 


Fip,  9. 


Fig.  10. 
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draw  the  radios  O  A.    2.  Through  the  point  A,  draw  D  E  per- 
pendicular to  O  A,  and  it  will  be  the  tangent  required. 

Proh.  9,  fig.  11.— To  draw  a  tangent  to  a  circle,  or  any  seg- 
ment of  a  circle  ABC,  through  a  given  point  B,  without 
making  use  of  the  centre  of  the  circle.—  I.  Take  any  two  equal 
arcs  Bi/,  i/tf,  upon  the  circle,  from  the  given  point  B,  and  draw 
the  chord  e  B.  2.  Upon  B,  as  a  centre,  with  the  distance  B  d, 
describe  the  Mcfdg,  cutting  the  chord  ^  B  in/.  3.  Make  dg 
equal  to  d/f  through  g  draw  g  B,  and  it  will  be  the  tangent 
reqatred. 

Proh.  10,  fig.  12. — A  circle  ABC  being  given,  and  a  tangent 
C  H  to  that  circle,  to  find  the  point  of  rontnct. —  I.  Take  any 
point  e,  in  tne  tangent  C  H.  and  join  eG.  2.  Bisect  eO  in  f^ 
usd  with  the  radius/e,  or/G,  describe  the  semicircle  eC6, 
cutting  the  tangent  and  the  circle  in  C,  it  will  be  the  point 
ffvqoired. 

Ftg.  II.  Fig.  12. 


Proh.  Il«  if.  13. — GWen  three  poiBta  A,  B,  C,  net  la  a 
straight  line,  to  draw  a  circle  through  them.— 1.  Biseet  the  lioee 
AB,  and  B  C,  by  perpendiculars,  meeting  at  d.  2.  Upon  d,  with 
the  disUnce  dA^  dB,  or  dC,  describe  ABC,  it  will  be  th« 
circle  required. 
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Fig.  14. 


Proh.  12,  fig.  14.— Tn  a  given  triangle.  A,  B,  C,  to  inscribe  a 
circle.— I.  Bisect  any  two  angles  A  and  C,  with  the  lines  AD, 
and  CD.  2.  From  D,  the  point  of  intersection,  let  fall  the 
perpendicular  D  £,  it  will  be  the  radius  of  the  circle  required. 

Proh.  13,  fig.  15.— In  a  given  square  A  BC  D,  to  inscribe  a 
regular  octagon. — 1.  Draw  the  diagonals  A  C,  and  D  B,  inter- 
secting at «.  2.  Upon  the  points  A,  B,  C,  D,  as  centres,  with  a 
radius  eC,  describe  arcs,  kel^  A  en,  meg,  ft  i.  3.  Join /a, 
m  A,  At,  Ig^  it  will  be  the  octagon  required. 

Proh.  14,  fig.  16.— In  a  given  circle,  to  inscribe  an  equilateral 
trians^le,  an  hexagon,  or  a  dodecagon.  For  the  equilmiermi 
triangle. — I.  Upon  any  point  A,  in  the  circumference  with  the 
radius  A  G.  descril>e  the  arc  B  G  F.  2.  Draw  B  F,  make  B  D 
equal  to  B  F.    3.  Join  D  F,  and  B  D  F  will  be  the  eqnUateral 


triangle  required.— F^r  the  hexagon.  Carry  the  radius  A  O  six 
times  round  the  circumference,  the  figure  A  BCD  BF  will  he 
the  heaagon.— For  the  dodecagon.  Bisect  the  arc  A  B  In  A, 
and  A  A  being  carried  twelve  times  round  the  circumference, 
will  also  form  the  doilecagon. 

Prob.  15,  fig.  17.— In  a  given  circle  to  inscribe  a  sqaare  or 
an  octagon.— 1.  Draw  the  diameters  AC  and  BD,  at  right 
angles,  2.  Join  A  B,  B  C,  C  D,  D  A,  and  A  B  C  D  will  be  the 
square,— For  the  octagon.  Bisect  the  arc  A  B  in  E,  and  A  B 
being  carried  eight  times  round,  will  also  form  the  octagon. 

Proh.  16,  fig.  18.— In  a  given  circle,  to  inscribe  a  pentagon, 
or  a  decagon.  For  a  pmiagon.-^l.  Draw  the  diameters  AP 
and  G  H,  at  right  angles,  cutting  each  other  in  I.  2.  Bisect 
G  1  in/,  upon/,  with  the  disUnoe  of/ A,  describe  the  arc  A^ ; 


upon  A,  with  the  distance  A^,  describe  the  arc  g  B  ootting  tha 
circle  ia  E.  3.  Join  A  E,  and  carry  it  round  the  circle  fiva 
times,  then  will  A  B  C  D  E  be  the  penUgoa  required.— Far  lAa 
decagon,  Buieet  the  arc  A  B  ia  i,  and  Dt  being  carried  Um 
timet  roand,  will  al«o  form  tha  dacagaa. 
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Fig.  19. 
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Fig.  21. 


Fr^h.  IT,  llg. 
10.-*-Upoo  a  giv- 
en line  AB,  to 
describe  an  eqqi« 
lateral  triangle. 
l.Uponthe  points 
A  and  B,  with  a 
radius  ecjual  to 
ABydescnbearcs 
cutting  eacbother 
at  C.  2.  Draw 
A  C,  and  B  C,  it  will  be  the  triangle  required. 

Proh.  18^  fig.  20. — To  make  a  triangle,  whose  three  sides  shall 
be  equal  to  three  given  lines  D.E.F,  any  two  of  which  are  greater 
than  the  third.— 1.  Draw  A  B  equal  to  the  line  D.  2.  Upon  A, 
with  the  distance  E,  describe  an  arc  at  C.  3.  Upon  B,  with 
the  distance  F,  describe  another  arc,  intersecting  the  former  at 
C  4.  Draw  AC  and  C B,  and  ABC  will  be  the  triangle 
reauired. 

Pr^.  19,  ^%,  21 — ^To  make  a  trape- 
^iom  equal,  and  similar  to  a  given  trape- 
slum  ABCD.  — 1.  Divide  the  given 
trapezium  ABCD  into  two  triangles, 
by  a  diagonal  A  C.  2.  Make  E  F  equal 
to  A  B,  upon  E  F  construct  the  triangle 
E  F  6,  whose  three  sides  will  be  respec- 
tively equal  to  the  triangle  ABC.  3. 
Upon  £6,  which  is  equal  to  A  C,  con- 
•truet  the  triangle  EGH,  whose  two 
sidee  £  H,  and  6  H,  are  respectively 
ec^aal  to  A  D  and  C  D,  then  E  F  O  H 
wilt  be  the  traperinm  required.  In  the 
same  manner  may  any  irregular  polygon 
be  made  equal  and  similar  to  a  given  irregular  polygon,  by 
dividing  the  given  polygon  into  triangles,  and  constructing  the 
triangles  in  the  same  manner  in  thi^  required  polygon,  as  is 
shewn  by  figures. 

Proh,  20,  fig.  22.— To  make  a  triangle  equal  to  a  given  tra- 
pezium ABC  D.— 1.  Draw  the  diagonal  B  D,  make  CE  parallel 
to  it,  meeting  the  side  A  B,  produced  in  E.  2.  Join  D  £,  and 
A  D  £  will  be  the  triangle. 

Proh,  21,  fig.  23.— To  make  a  triangle  equal  to  any  given 
right-lined  figure  ABCDE.— 1.  Produce  the  side  AB  both 
ways  at  pleasure.  2.  Draw  the  diagonals  AD  and  B  D,  and 
make  E  F  and  C  G  parallel  to  them.  3.  Join  D  F,  D  G,  then 
DFG  will  be  the  triangle  required.  Much  after  the  same 
manner  may  any  other  right-line  figure  be  reduced  to  a  triangle. 
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Proh.  22,  fig.  24— To  reduce  a  triangle  A BC to  a  rectangle. 
— 1.  Bisect  the  altitude  A  F  in  (},  through  G  draw  £  D  parallel  to 
BC.  2.FromC  ^.    ^^  Vi^,  of, 

draw  C  D  per-  ^'9-  24.  ^'9^  25. 

pendicular  to 
BC,  and  B  £ 
parallel  to  C  D, 
then  B  C  D  £ 
will  be  the  rect- 
angle required. 
Proh,  23,  fig. 
25.— To  make  a 
rectangle,  hav- 
ing a  side  eaual 
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to  a  given  line  A  B,  and  equal  to  a  given  rectangle  C  D  E  F. — 
Froduoe  the  sidea  of  the  rectangle  CF,  DE,  F£,  and  CD. 
a.  Make  £  G  equal  to  A  B,  through  G  draw  L  H  parallel  to 
D  £,  cutting  C  D  produced  at  L.    3.  Draw  the  diagonal  L  £, 


and  produce  it  till  it  cut  C  F  at  K.  4.  Draw  KH,  ptrand  te 
£  G,  then  will  E  G  H  be  the  rectangle  required. 

Proh.  24,  fig.  26.— To  make  a  square  eqoal  to  ft  given  fecl> 
angle  ABC  D.— 1.  Produce  the  side  A  B,  make  B  E  eoaat  I* 
B  C.  2.  Bisect  A  E  in  I,  on  I,  as  a  centre  with  the  radtnt  IB 
or  I  A,  describe  the  semicircle  A  H  E.  3.  Produce  the  side  CB 
to  cut  the  circle  in  H,  on  BH  describe  the  square  BHGF, 
and  it  will  be  the  square  required. 

Proh.  25,  fig.  27.— To  make  a  square  equal  to  two  giveA 
squares  A  and  B.— 1.  Make   D  £  equal  to  the  side  of  tftt 

Fig.  26.  Fig.  27. 


square  A,  and  DF  perpendicular  to  D  E,  equal  to  the  sideef 
the  square  B.  2.  Draw,  the  hypothenuse  F£;  on  it  describe 
the  square  EFG  H,  it  will  be  the  square  required. 

Proh.  26,  fig.  28. — To  make  a  square  equal  to  three  given 
squares  A,  B,  C. — 1.  Make  D  £  equal  to  the  side  of  the  sonare 
A,  and  D  F  perpendicular  to  D  £,  equal  to  the  aide  or  ths 
square  B.  2.  Join  F  E,  draw  F  G  perpendicular  to  it  3. 
Make  F  G  equal  to  the  side  of  the  square  C ;  join  G  ^  thM 
GE  vtill  be  the  side  of  the  square  required. 

Proh.27,  fig. 29.— Two  right  lines  A  B,  and  C  D,  hein|^ given. 


Fig.  28. 
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to  find  a  third  MO- 
portional.— 1 .  Inks 
an  angle  H  BI  at 
pleasure,  fton  B| 
makeEF  eqoal  to 
CD.andEGeqnl 
to  A  B,  join  FG. 
2.  MakeEHeqaal 
to  EG,  and  draw 
HI  parallel  to F 6, 
then  EI  will  bathe 
third  proportional  required,  that  is,  £  F  :  £  G  :  :  E  H  :  Bi, 
orCD:AB::AB:EI. 

Proh.  28.  fig.  30.— Three  right  lines  AC,  CD.  £  F,  beiag 
given,  to  find  a  fourth  proportional.— 1 .  Make  the  angle  HOI 
at  pleasure :  from  G  make  G  H  equal  to  A  B ;  G  I  equal  to 
CD;  and  join  HI.  2.  MakeGK  equal  to  E  F,  draw  KL 
through  K  parallel  to  H  I,  then  G  L  will  be  the  fourth  propor- 
tional required;  that  is,  'GH  :  GI  : :  6K  :  GL,  or  AB  : 
CD  :  :  EF  :  GL. 

Proh.  29,  fig.  31.— To  divide  a  given  line  AB,  in  the  nm 
proportion  as  another,  C  D  is  divided.— 1.  Make  any  angle 
K  H I ;  and  make  H  I  equal  to  A  B ;  then  apply  the'  sevefsf 
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parts  of  C  D  from  H  to  K.  and  join  K  I.  2.  Draw  the  hoei 
o  h,  if,  kg,  parallel  to  I  K,  and  the  line  H I  will  be  divided  is 
A,  t,  a.  /,  as  was  required. 

GERANIUM,  in  Bolany,  Crane's  BUI,  a  genns  of  plott 
belonging  to  the  monadelphia  class,  and  in  the  natural  onMr 
ranking  the  14th  orde"  Gruminales. 

GERARDl  A,  a  genus  belonging  to  the  didynamia  class,  and 
in  the  natural  method  ranking  under  the  40th  order. 

GERMEN,  the  seed-bud ;  defined  by  Linnasus  to  be  tM 
base  of  the  pistillum,  which  contains  the  rudim<»nt«  #»f  t »»-     •*« : 
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mmI,  in  proirreM  of  Tegetation,  iwelliy  and  becomes  the  seed 
iUelf.     Hence, 

GERMINATION,  unoDgrBotaniaU.  compreheods  the  pre- 
cise time  which  seeds  take  to  rise,  after  thry  have  been  com- 
mitted to  the  soil,  and  Aia  and  Watkr  are  the  ai^ents  of 
i;erminatioo.  Millet,  wheat,  and  several  of  the  f^rasses,  rise  In 
a  day ;  spinach,  beans,  turnips,  &c.  in  three  days  ;  lettuce  and 
dill  in  four;  cucumber,  Kourd,  melon,  and  cress,  in  five;  ra- 
diah  and  beet  in  sia ;  cabbafce  in  ten ;  parsley  in  fifty  ;  peacb, 
almond,  and  walnut  in  a  year  ;  and  the  sensitive  plant  retains 
its  irerrainatinK  virtue  for  thirty  or  forty  years ! 

GILDINU,  the  application  of  f^old  to  the  surfaces  of  bodies, 
is  performed  in  two  ways.  Wood,  leather,  paper,  and  soft 
substances,  are  gilt  by  fastening  on  gold  leaf  by  some  kind  of 
cement ;  hut  metals  are  gilded  by  a  chemical  process,  called 
water  gUding ;  while  the  former  is  called  oil  piitling^  humisked 
gtidimp,  Knd  japmnnMr'i  piidimp.  The  instruments  necessary  for 
gilding  arc  a  cushion,  knife,  tip,  and  fitch,  which  are  to  be  had 
in  any  colour  shop.  The  ^Id  leaf  is  either  pure  gold,  (tfeliuw)  ; 
pale  gold,  (greenisk ;)  or  Dutch  gold,  that  is,  copper  coloured 
by  the  fumes  of  linc.  The  cushion  receives  the  gold,  the  knife 
parts  it ;  the  tip,  a  tool  made  by  fastening  the  long  hairs  of  a 
squirrel's  tail  between  two  cards,  is  used  for  taking  up  the 
gold  leaf  after  it  is  cut,  and  laying  it  on  the  article  to  be 
Kilded.  KJUck  ptntil  is  used  for  the  same  purpose  as  the  last, 
in  taking  up  very  small  bits  of  gold  leaf.  A  bmil  of  cotton  is 
used  for  pressing  down  the  leaf,  after  it  is  laid  on ;  a  large 
tmmei't  kmir  krush  for  dusting  the  work,  and  clearing  away  the 
superfluous  gold. 

Oil  Gilding,  Prime  the  work  first  with  boiled  linseed  oil 
nad  white-lead ;  when  dry,  do  it  over  with  a  thin  coat  of  gold 
nine,  consisting  of  stone-ochre  ground  in  fat-oil.  When  that 
is  so  dry  as  to  feel  clammy,  it  is  fit  for  gilding.  Spread  the 
leaves  of  gold  upon  the  cushion,  eut  them  into  slips  of  the  pro- 
per width  for  covering  the  work,  breathe  upon  the  tip,  as  by 
■Miisteninii:  it  thus,  it  will  take  up  the  leaves  from  the  cushion. 
Apply  them  by  the  tip  on  the  proper  parts  of  the  work,  and  press 
tlieai  down  by  the  ball  of  cotton.  Repair,  by  puttiofc  small 
pieces  of  gold  on  any  parts  which  you  have  omitted  to  cover. 
When  the  work  is  covered,  let  it  dry,  and  then  clear  it  off  with 
the  brush.  This  sort  of  gilding,  the  easiest  and  least  expensive, 
will  stand  the  weather,  and  may  at  any  time  be  cleaned  with  a 
little  water. 

Bmruisked  Gildimg  is  the  sort  of  gilding  generally  used  for 
pie  tare- frames,  looking-glasses,  &c.  The  wood  intended  to  be 
gilt  in  this  manner,  should  first  be  sised,  then  done  over  with 
eight  coats  of  sixe  and  whiting,  to  cover  it  with  a  body  of  con- 
siderable thickness.  Having  laid  a  sufficient  quantity  of  whit, 
ina  upon  the  work,  it  must  be  cleaned  off,  freeing  all  the  cavi- 
ties and  hollows  from  the  whiting  that  may  have  choked 
Ihcm  up,  and  by  proper  moulds  and  tools,  restorinjc  the  sharp- 
ness of  the  mouldings.  It  then  receives  a  coat  of  siae,  made 
by  hoiliofc  Armenian  bole  nith  parchment  sixe.  As  this  must 
not  remain  till  it  is  quite  dry,  it  is  prudent  not  to  lay  on  more 
at  a  time  than  ean  be  frilt  before  It  becomes  too  dry.  The 
work  being  thus  prepared,  place  it  a  little  declining  from  you, 
and  with  clean  water  and  a  hair  pencil  moisten  a  part  of  it, 
apply  the  irold  by  the  tip  to  the  moistened  part,  it  will  imme- 
diately  adhere  to  the  work :  proceed  to  wet  the  next  part,  and 
apply  the  gold  as  before,  repeating  this  operation  till  the  whole 
is  completed ;  let  not  any  drops  of  water  iH)me  upon  the  gold 
alreaily  laid  on,  therefore  no  part  should  be  missed  in  goin^ 
over  it  at  first,  since  it  is  not  so  easily  mended  as  oil  gilding. 
Thtf-  work  beinir  thus  gilt,  remains  twenty-four  hours;  when 
ihe  paits  designed  to  be  burnished  are  polished  with  a  doc's 
tooth,  or  an  aj^ate  burnisher,  but  the  gilding  must  not  be  quite 
drv  «  hen  it  is  burnished. 

Japmnmer'a  Gilding,  To  frild  japanned  work,  we  draw  with  a 
hair  pencil,  in  gold  sixe,  the  intended  ornaments,  and  after- 
wards apply  cold  leaf  or  gold  powder.  The  irold  sixe  is  pre- 
pnred  thus :  take  of  linseed-oil,  and  of  gum-animi,  four  ounces. 
Boil  the  oil,  add  the  gum-animi  aradoally  in  powder,  stirring 
each  quantity  in  the  oil  till  it  he  dissolved,  then  put  in  another, 
till  the  whole  be  mixed.  Let  the  mixture  boil  till  it  acquire  a 
thicker  consistence  than  tar ;  strain  the  whole  through  a  coarse 
eloih.  and  keep  it  for  nse ;  when  applied,  it  must  be  uiacd  with 
il. 


vermilion  and  oil  of  turpentine.  Ilavinc  laid  on  the  gold  si ar , 
and  allowed  it  to  dry,  the  gold  leaf  is  applied  in  the  usual  way, 
or  if  it  is  not  wanted  to  shine  so  much,  gold  powder  is  applied, 
which  is  made  by  grinding  gold  leaf  upon  a  st(»ne  with  honey, 
and  afterwards  washing  the  honey  away  with  water.  Iftl.c 
gilding  is  varnished,  Dutch  gold  may  he  used,  instead  of  real 
gold  powder,  or  aurum  musivuni  may  be  used. 

To  Write  on  Paper  with  Letter t  of  Gold*  Put  fcum-arabie 
into  writing  ink,  and  write  in  the  usual  way.  When  the  wriu 
ing  is  dry,  breathe  on  it;  the  warmth  and  moisture  will  soften 
the  gum,  and  cause  it  to  fasten  on  the  gold  leaf,  which  may  be 
laid  on  in  the  usual  way,  and  the  superfluous  part  burnished 
off.    Or,  instead  of  this  use  japanncr's  sixe. 

To  lay  Gold  i^h^  White  Earthenware,  or  Glau,  Draw  the 
design  iipon  the  vessel  to  be  gilt  with  japanncr's  gold  sixe, 
moistening  it  if  necessary  with  oil  of  turpentine.  Set  the  work 
in  a  room  free  from  dust,  to  dry,  for  an  hour,  then  place  it  so 
near  the  fire  that  yon  could  just  bear  the  heat  of  it  aith  >our 
hand  fru-  a  few  seconds.  Let  it  remain  there  till  it  feels  clammy, 
then  lay  some  gold  leaf  on  it  in  the  usual  way.  Then  pot  the 
ware  into  an  oven  to  be  baked  for  about  three  hours.  Glasses, 
&G.  are  irilt  by  drawing  the  figures  with  shill  gold  mixed  with 
gum-arabic  and  borax.  Then  apply  sufficient  beat  to  ft,  and 
lastly  burnish  it. 

To  Gild  on  Glass  or  Porcelain,  Ay  ntirning'in.  Dissolve  gold 
in  aqua-retria,  evaporate  the  acid' by  heat,  and  you  will  obtain 
a  fEold  pow«ter ;  or  precipitate  tlie  gold  from  the  solution  by 
pieces  of  copper.  Lay  this  gold  on  with  n  strong  solution  of 
borax  and  f^um  water,  and  it  may  be  burned-in. 

To  Gild  Metals,  One  method  of  appl)  ing  gold  upon  metals 
is  by  first  cleaning  the  metal  to  l»e  fcilt ;  gold  leaf  is  then  laid 
on  it.  This  rubbed  with  a  polished  hlo«)d  stone,  and  a  certain 
degree  of  heat,  adheres  perfectly  well.  In  this  manner  silver 
leaf  is  fixed  and  burnished  upon  brass,  in  the  making  of  what 
is  called  French  Plate ;  and  sometimes  gold  leaf  also  is  bur- 
nished upon  copper  and  iron. 

Gilding  bg  Amalgamation  is  by  previously  forming  the  gold 
into  a  paste,  or  amalgam,  with  mercury.  But  to  obtain  an 
amalgam  of  gold  and  nierrury,  the  gold  is  reduced  into  thin 
plates  or  fcrains,  heated  red-hot,  and  thrown  into  nierenry  pre- 
viously heated,  till  it  begins  to  smoke,  I'pon  stirring  th«* 
mercury  with  an  iron  rod,  the  gold  totally  disappears.  Th«- 
proportion  of  mercury  to  gold  is  generally  as  six  or  eight  to 
one.  The  methml  of  gilding  by  amalgamation,  is  chiefly  used 
for  gildioK  copper,  or  an  alloy  of  copper,  with  a  small  portion 
of  sine,  which  receives  the  amalgam  more  rcndily.  and  is  pre- 
ferable on  account  of  its  colour,  resembling  that  of  fcold  more 
than  the  colour  of  copper.  When  the  metal  to  be  gilt  in 
wrought  or  chased,  it  is  previously  covered  with  quickiiilver 
before  the  amalgam  is  applied,  that  this  may  spread  en!iirr ; 
but  when  the  surface  of  the  metal  is  plane,  the  aninl^am  may 
be  applied  to  it  directly.  Tlic  metal  to  he  gilt  is  first  rubbed 
with  aqua-fortis.  which  cleans  the  surface  from  anv  rust  or 
tarnish  that  might  prevent  the  union  of  the  metals.  The  amal- 
gam is  then  spread  equally  over  the  surface  by  a  brnsh.  and 
the  mercury  is  evaporated  by  heat  .sufficient  for  that  purpose ; 
if  the  heat  be  too  Kreat,  part  of  the  irold  also  may  be  exprllrd, 
and  part  of  it  will  run  together,  and  lea\e  Homc  of  the  wurfarr 
of  the  metal  bare.  While  the  mercury  is  evaporHtin;:,  the 
work  is  from  time  to  time  taken  from  the  fire,  and  examined, 
that  the  amalgam  may  he  spread  more  equally  by  tiieims  of  a 
brush ;  and  any  defective  parts  airain  envered.  and  that  the 
heat  may  not  be  too  iiuddenly  applied.  When  the  mercdry  hss 
evaporated,  nhich  is  known  by  the  surface  beeomin::  rntiirly 
of  a  dull  colour,  the  metal  then  nnderg«ies  other  oprrations,  by 
which  it  receives  the  fine  gold  colour.  First,  the  gilded  pi^re 
of  metal  is  rubbed  with  a  scratch-hrusk  (a  brush  made  of  brass 
wire,)  till  its  surface  is  quite  smooth;  it  is  then  co^rred  with 
gildintf  vax,  and  again  exposed  to  the  fire  till  the  wax  be  burnt 
off.  This  wax  is  eomposetl  of  bees-wax.  mixed  with  either  red 
oohre,  verdigris,  copper  scales,  alum,  vitriid,  or  borax  :  hut  the 
saline  substances  are  sufficient  without  any  wax.  Thr  colour 
of  the  gilding  is  heiahtened  by  this  operation.  The  fill  surface 
is  then  covered  with  a  saline  composition  of  nitre,  alum,  or 
other  vitriolic  salt,  ground  together,  and  mixed  into  a  paste 
with  water  and  ariae.    The  metal  thus  covered  is  exposed  to  a 
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oortain  deg^e  of  heat,  and  then  qaenohed  in  water.  By  this 
method  its  coloor  is  further  improved,  and  brought  nearer  to 
that  of  s:old.  This  effect  seems  to  be  produced  by  the  acid  of 
nitre  (which  is  disengaged  by  the  solphnric  acid  of  the  alam, 
daring  the  exposure  to  heat)  acting  upon  any  particles  of  cop- 
per which  may  happen  to  lie  upon  the  gilded  surface.  Lastly, 
some  artists  think  that  they  give  an  additional  lustre  to  their 
gilt  work,  by  dipping  it  in  a  liquor  prepared  by  boiling  some 
yellow  materials,  as  sulphur,  orpiment,  or  turmeric.  The  only 
advantage  of  this  operation  is,  that  part  of  the  yellow  matter 
remains  in  some  of  the  hollows  of  the  carved  work,  in  which 
the  gilding  is  apt  to  be  more  imperfect,  and  to  which  it  gives  a 
rich  and  solid  appearance. 

Gilding  Iron  or  Steel.  In  gilding  iron  or  steel  by  means  of 
an  amalgam,  as  the  metal  has  no  affinity  for  the  mercury,  an 
agent  is  employed  to  dispose  the  surface  to  receive  the  gilding. 
Iliis  agent  is,  a  solution  of  mercury  in  nitrons  acid  (aaua  for- 
tis,)  or  what  workmen  call  quicksilver  water,  applied  to  the 
parts  to  be  gilded ;  the  acid,  by  a  stronger  affinity,  seises  on  a 
portion  of  the  iron,  and  deposits  in  its  place  a  thin  coating  of 
mercury,  which  will  not  refuse  a  onion  afterwards  with  the 
gold  amalgam  that  may  be  applied ;  by  this  process,  the  nitrous 
acid  injures  the  surface  of  the  metal,  and  the  union  of  the  mer- 
cury being  very  slight,  a  bright  and  durable  gilding  cannot  be 
obtained. 

Another  Method.  Apply  a  solution  of  blue  vitriol  with  a 
camers-bair  pencil,  to  the  parts  of  the  steel  to  be  gilt,  and  by 
a  chemical  action,  similar  to  that  we  described  as  taking  place 
when  a  solution  of  nitrate  of  mercury  is  employed,  a  tiiin  coat- 
ing of  copper  is  precipitated  on  the  metal.  The  copper  has  an 
affinity  for  mercury,  and  a  union  is  thus  effected  between  the 
amalgam  and  the  iron  or  steel.  But  the  surface  is  injured  by 
the  action  of  the  acid  employed,  and  still  a  heat  sufficient  to 
volatilise  the  mercury  must  be  afterwards  used. 

Gilding  of  Iron  by  Heat.  When  the  surface  has  been 
polished  bright,  it  is  heated  till  it  becomes  blue.  Gold  leaf  is 
then  applied,  and  burnished  down.  It  is  then  heated  again, 
another  layer  of  gold  burnished  on  it,  and  in  this  manner  Uiree 
•r  four  coats  are  given,  according  to  the  intended  strength  of 
the  gilding.  This,  though  a  more  laborious  process  than  the 
two  last,  is  not  attended  with  so  much  risk, 

ilfi  Improved  Procesefor  Gilding  Iron  or  Steel.  This  process, 
less  known  among  artists  than  it  deserves  to  be,  cannot  fail  to 
be  Qsefnl  to  those  who  gild  iron  or  steel.  The  first  part  of  the 
process  consists  in  pouring  over  a  solution  of  gold  in  nitro- 
muriatic  acid  (aqua-regia)  about  twice  as  much  ether.  This 
most  be  done  with  caution,  and  in  a  large  vessel.  These  liquids 
are  then  shaken  together,  and  as  soon  as  the  mixture  is  at  rest, 
the  ether  will  be  seen  separating  itself  from  the  nitro-mnriatic 
acid,  and  floating  on  the  surface.  The  nitro-muriatic  acid 
becomes  more  transparent,  and  the  ether  darker,  than  they 
were  before ;  because  the  ether  has  taken  the  gold  from  the 
acid.  The  whole  mixture  is  then  poured  into  a  glass  funnel 
with  a  small  aperture,  which  must  not  be  opened  till  the  fluids 
have  separated  themselves  from  each  other.  It  is  then  opened, 
and  the  nitro-muriatic  acid  will  run  off,  it  having  taken  off  the 
lowest  place  by  its  greater  gravity ;  the  aperture  is  then  shut, 
and  the  funnel  will  be  found  to  contain  nothing  but  ether  mixed 
with  gold.  This  is  preserved  for  use  in  bottles  well  closed.  In 
order  to  gild  iron  or  steel,  the  metal  is  first  well  polished  with 
emery,  or  the  finest  crocus  martis,  or  colcothar  of  vitriol,  and 
common  brandy.  The  auriferous  ether  is  then  applied  with  a 
•mall  brosh ;  the  ether  soon  evaporates,  and  the  gold  remains 
on  the  surface  of  the  metal.  The  metal  may  then  be  put  into 
the  fire,  and  afterwards  polished.  By  means  of  this  auriferous 
ether,  figures  of  all  kinds  may  be  delineated  on  iron,  by  a  pen 
or  fine  brush.  Instead  of  ether,  the  essential  oils  of  turpentine 
or  lavender  may  be  osed  which  will  also  take  gold  from  its 
solution. 

Cold  GiUUng  of  Silver.  DissdWe  gold  in  nitro-muriatic  acid, 
dip  some  linen  rags  in  the  solution,  then  bum  them,  and  pre- 
serve the  ashes.  Whatever  is  to  be  gilded  must  be  previously 
well  burnished :  a  piece  of  cork  is  then  dipped,  first  into  a 
solution  of  salt  and  water,  and  afterwards  into  the  black  pow- 
der, and  the  piece  being  rubbed  with  it  must  be  burnished. 

Gilding  Copper  or  BrMu  is  thus  done :  evaporate  a  saturated 


solution  of  gold  to  the  consistence  of  oil,  let  it  shoot  Into  erya- 
tals,  which  dissolve  in  pure  water,  immerse  in  this  the  articles 
to  be  gilded,  wash  them  afterwards  in  pure  water,  and  burnish 
them. 

Grecian  Gilding.  Dissolve  mercury  in  muriatic  acid,  (spirits 
of  salt,)  which  will  give  a  muriate  of  mercury.  Equal  parts  of 
this  and  sal  ammoniac  are  then  mixed,  and  dissolved  in  aqua- 
fortis. Put  some  gold  into  this,  and  it  will  dissolve.  This 
applied  to  silver,  becomes  black ;  but  by  heatings  it  assumes  the 
appearance  of  gilding. 

To  mahe  Shell  Gold.  Grind,  in  a  mortar,  gold  leaf  and 
honey,  then  wash  away  the  honey  with  water,  and  mix  tbe 
g^ld  powder  with  gum  water.  This  may  be  applied  to  aay 
article  with  a  camel's-hair  pencil,  in  the  same  way  as  aoy 
other  colour. 

GIMBALS,  the  brass  rings  by  which  a  sea-compass  is  sus- 
pended in  its  box,  so  as  to  counteract  the  effect  of  the  ship's 
motion,  and|  keep  the  card  horizontal. 

GIMBLFTING,  a  term  applied  to  the  anchor,  to  denote  the 
action  of  turning  it  round  by  the  stock,  so  that  the  motion  of 
the  stock  appears  similar  to  that  of  the  handle  of  a  gimblet 
when  it  is  employed  to  turn  the  wire. 

GIN,  in  Mechanics,  a  machine  for  driving  piles,  fitted  with  a 
windlass  and  winch  at  each  end,  where  eight  or  nine  men 
heave,  and  round  which  a  rope  is  reeved  that  goes  over  the 
wheel  at  the  top ;  one  end  of  this  rope  is  seized  to  an  iron 
monkey  that  hooks  to  a  beetle,  of  different  weights,  according 
to  the  piles  that  are  to  be  driven,  being  from  8  to  13  hundred 
weight ;  and  when  hove  up  to  a  cross  piece,  near  the  wheel,  it 
unhooks  the  monkey,  and  lets  the  beetle  fall  on  the  upper  end 
of  the  pile,  and  thereby  forces  the  same  into  the  ground ;  then 
the  monkey's  own  weight  overhauls  the  windlass,  in  order  for 
its  being  hooked  again  to  the  beetle.    See  Pi  lb  Engine. 

GIRT,  the  situation  of  a  ship  which  is  moored  so  tight  by 
her  cables,  extending  from  the  hawse  to  two  distant  anchors, 
as  to  be  prevented  from  swinging  or  turning  about  accordi^ 
to  any  change  of  the  wind  or  tide,  to  the  current  of  which  her 
head  would  otherwise  be  directed.  The  cables  are  extended 
in  this  manner  by  a  strong  application  of  mechanical  powers 
within  the  ship ;  so  that,  as  she  veers  or  endeavours  to  swing 
about,  her  side  bears  upon  one  of  the  cables,  which  catches  oa 
her  heel,  and  interrupts  her  in  the  act  of  trayersing.  In  this 
position  she  must  ride,  with  her  broadside  or  stem  to  the 
wind  or  current,  till  one  or  both  of  the  cables  are  slackened  so 
as  to  sink  under  the  keel ;  after  which,  the  ship  will  readily 
yield  to  the  effort  of  the  wind  or  current,  and  tarn  ker  head 
thither. 

Girt  Xtiie,  a  rope  passing  through  a  single  block  on  the 
head  of  the  lower  masts,  to  hoist  up  the  rigging  thereof,  and 
the  persons  employed  to  place  the  rigging  and  cross-trees  oa 
tbe  mast-heads ;  the  girt-line  is,  therefore,  the  first  ropeea- 
ployed  to  rig  a  ship,  aher  which  it  is  removed  till  the  ship  is  to 
be  unrigged. 

GIVEN,  is  a  term  frequently  used  by  mathematictaBS,  to 
denote  something  supposed  to  be  known.  Thus,  if  a  magni- 
tude be  known,  it  is  said  to  be  a  ^iven  magnitude.  If  tbe  posi- 
tion of  a  thin^  be  known,  it  is  given  in  position ;  thus,  if  s 
circle  be  described  with  a  known  radios,  its  centre  is  given  ia 
position,  and  its  circumference  given  in  magnitude,  and  the 
circle  itself  is  said  to  be  given  both  in  magnitude  and  position. 
If  the  kind  or  species  of  a  figure  be  known,  it  is  said  to  be 
given  in  species ;  if  the  ratio  between  two  qoantitiet  be  known, 
these  quantities  are  said  to  have  a  given  ratio,  &c.  &c. 

GIVE  Way,  is  the  order  to  a  boat's  crew  to  row  alUr 
having  ceased  for  a  short  time,  or  to  increase  their  exertioBS  if 
they  were  before  rowing.  Give  wag  together^  implies  that 
men  should  keep  time  together  in  rowing,  so  as  that  the  oan 
should  all  dip  and  rise  togetl)er,  whereby  their  several  forces 
are  exerted  as  one. 

GLACIS,  in  Fortification,  the  mass  of  earth  which  serves 
as  a  parapet  to  the  covered  way,  sloping  easily  towards  the 
champaign  field.  In  Building,  gUeie  expresses  any  declivity, 
which  is  less  steep  than  the  slope  called  Tains  In  Oaideaiag, 
a  descent  sometimes  begins  in  a  Talus,  and  ends  in  a  glaeis. 

GLAIR  Eoos,  is  the  same  as  the  white  of  eggs,  osed  as  a 
varnish  for  preserving  paintings.    For  this  purpose^  it  is  best 
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til  nn  unrtuoQ!!  eoD!ii»trnre,  and  eomiuonly  raised  with  a  little 
brandy  or  spirits  of  wine,  to  make  it  work  more  freely,  and 
with  a  little  lump-sucar  to  give  it  body  and  prevent  it  crack« 
iofT.  and  then  spread  over  the  picture  with  a  fine  elastic  brush. 
GLASS,  a  transparent,  brittle  raetal,  made  of  land  melted 
in  a  strong  fire  with  6xed  alkaline  salts,  lead,  slagi,  &e.  till 
the  whole  becomes  perfectly  clear  and  fine.  And  the  manu- 
factured f^lass  may  be  divided  into  three  kinds — white  trans- 
parent fclaiis,  coloured  class,  and  common  icreen  or  bottle 
lelass.  Of  the  first  of  these,  there  are  many  different  kinds,  as 
flint  ^\m%,  crystal,  mirror  plate,  window  Klaus,  &e.  Of  the 
roloured  fclass,  there  is  also  a  Rri^at  Tariety,  resulting  from 
arcidental  combinations  or  preparations. 

Accidrnt  is  said  tu  have  d.Kcovered  the  constituent  parts  of 
^ass.  Sonic  merrliants,  with  a  freight  of  soda,  cast  anchor  at 
the*  muuth  of  the  river  Helus.  in  Phenicia,  and  were  dressing 
Ihrir  dinner  on  the  sand,  usinf;  large  lumps  of  the  soda  as  sup- 
ports for  their  kettles.  The  fire  melting  the  soda,  and  tne 
silirrous  earth  together,  exhibited  plms$»  A  manufacture  was 
instantly  cstabJiihcd,  and  to  this  place  It  was  for  a  long  time 
confined.     What  was  the  soda  previously  used  for? 

(rlats  was  made  in  great  perfection  among  the  mnoients ;  as 
dnnking  glasses,  prisms,  and  coloured  glasses  of  Tarious 
kinds.  It  was  known  to  the  Romans,  but  was  by  no  means 
common  among  them,  for  Nero  paid  £50,000  for  two  glass 
cups.    Glass  was  first  used  for  windows  in  the  third  century. 

Glass,  as  we  have  remarked,  is  a  solid,  transparent,  brittle, 
substance,  produced  by  melting  together  sand,  flint,  and  alka- 
line salts.  There  are  other  saline  matters  employed  in  tha 
manufacture  of  glass,  as  poererine^  or  rocMettM^  which  is  pre- 
pared from  glass  wort  or  saUoln  kmiU  sn  indigenous  plant, 
but  which  is  chfefly  imported  from  Spain,  where  it  is  cut  down 
in  the  summer,  dried  in  the  son,  and  burned  in  heaps,  when 
the  ashes  fall  into  a  pit,  where  they  concrete  Into  a  hard  mass. 
A  similar  »alt  is  obtained  from  the  ashes  {ktip)  of  the  conimoo 
sea-wrack.  The  sand  used  in  the  manufacture  of  glass  is 
found  at  Lynn  in  Norfolk,  Maidstone  in  Kent,  &c.  &c. 
Ttie  following  are  the  processes  employed  in  making  glass : 
Friitintf,  T!ie  varions  materials  are  carefully  washed,  and 
after  extracting  ail  the  impurities,  are  conveyed  to  the  furnace 
in  pots  made  of  tobacco-pipe  clay.  The  produce  of  this  pro- 
cess is  called  the /n't,  which  is  again  melted  in  large  pots  or 
emcibles,  till  the  whole  mass  becomes  beautifully  clear,  and 
the  dross  rises  to  the  top. 

Bhwim§,  (see  Plate,  fifr.  1.)  is  the  next  process,  which  in 
roand  gius,  as  phials,  drtnking  glasses,  lie.  is  thus  performed. 
The  workmen  dip  the  end  of  long  iron  pipes,  red-hot,  into  the 
Uqaid  fluss,  then  roll  it  on  a  polished  iron  plate  to  give  it  an 
rstrrnni  oven  surface ;  they  next  blow  down  the  iron  pipe  till 
11  enlaifes  the  metal  like  a  bladder,  and,  if  necessary,  roll  it 
«inun  on  the  Irmi  plate,  and  proceed  to  form  H  into  a  globular, 
«tr  any  other  required.  The  glass  is  then  transferred  from  the 
blowivff  pipe,  oT  dipping  the  end  of  another  iron  rod  into  the 
lii|aid  glass,  which  adheres  to  the  heated  rod,  aud  with  which 
the  workman  stieks  it  to  the  bottom  of  the  vessel ;  then  with  a 
pair  of  pinoers,  wetted  with  water,  he  touches  the  neck,  which 
iininrdiately  cracks,  and  on  being  slightly  struck,  separates  at 
tbe  end  of  the  blowing  pipe,  and  becomes  attached  to  the  iron 
rod.  The  vessel  is  neat  carried  up  to  the  mouth  of  the  furnace 
to  l>e  heated  and  softened,  that  the  operator  may  finish  it.  If  the 
vcftsel  require  a  handle,  the  operator  forms  it  separately,  and 
iinitet  it  while  melting-hot,  forming  it  with  pincers  to  the 
requisite  shape  and  pattern. 

Anntahm^  Is  the  renuiving  of  the  glass  afler  it  has  been 
Mown,  or  cast,  into  a  furnace,  whose  heat  is  not  i ufllciently 
iatrnsc  to  melt  it ;  and  gradually  withdrawing  the  article  from 
the  hottest  lo  a  cooler  part  of  the  annealing  chamber,  till  it  is 
cold  enough  to  be  taken  out  for  use. 

CmUmhm^,  The  difl'erent  coloured  glasses  owe  their  tints  to 
the  different  metallic  oxydes  mixed  with  the  materials  while 
in  a  slate  of  fusion. 

Bhg.  glass  is  formed  by  the  oxyde  of  cobalt ; 

CrrMs,  by  the  oxyde  of  iron  or  copper ; 

Viaiai,  my  the  oxyde  of  manganese ; 

Hf^,  by  a  mixture  of  the  oxydes  of  copper  and  iron ; 

i'nrpir,  by  the  sxyde  of  gold ; 


\%'hite,  by  the  oxyde  of  arsenic  and  sine  ;  ' 

Yellow^  by  the  oxyde  of  silver,  and  by  eombustible  bodies  ; 

And  Blacky  from  a  mixture  of  oxyde  of  manganese,  cobalt, 
and  iron. 

In  this  manner  is  made  those  elegant />a«ief,  which  so  faith* 
fully  imitate,  and  not  nnfrecjuently  excel,  in  brilliance,  their 
originals,  the  gems  of  antiquity.  The  glass,  however,  for  this 
purpose,  is  prepared  in  a  peculiar  manner,  and  requires  great 
nicety.  It  combines  purity  and  durability,  Opaifue  fclass  is 
made  by  the  addition  of  the  oxyde  of  tin,  and  produces  that 
beautiful  imitation  of  enamel  nhirh  is  so  much  admired.  Dials 
for  watches  and  clocks  are  made  in  this  manner,  and  arc  manu- 
factured exclusively  at  the  Falcon  Glass-house,  Surrey  side  of 
Blackfriars'  Bridge. 

CVtfliNj^  or  Omumemtinp^  is  effected  by  a  machine,  in  which 
there  is  a  large  wheel  turned  by  a  winch.  The  band  of  this 
wheel  passes  round  a  pulley  on  the  axle  of  a  wheel  or  cutter, 
which  It  turns  with  great  velocity.  Beneath  the  cutter  a  cistern 
is  placed,  and  above  it  a  small  cask  containing  water,  the  cock 
of  which  is  so  placed  as  to  drop  very  slowly  on  the  circum- 
ference of  the  cotter.  The  operator,  after  dressing  the  edge  of 
the  cutter  with  emery  paste,  applies  sueeessively  the  parts  of 
the  glass  which  are  to  be  cut,  and  dexterously  moves  it  as  the 
parts  are  sufficiently  ground  away. 

The  principal  sorts  of  glass  are.  crtnrn  ^Imss,  The  best  win- 
dow glass  is  made  of  white  sand,  purified  barilla,  saltpetre, 
borax,  and  arsenic,  melted  together ;  »nd  if  tlie  glass  assume  a 
yelluwish  hue,  the  defect  is  removed  by  adding  a  sufficient 
quantity  uf  manganese. 

y^reastlc  flmaw,  grnnally  used  in  England,  is  of  an  ash 
colour,  frequently  speckled,  >treaketl.  and  blemished.  It  is 
made  from  white  sand,  unpurified  barilla,  common  salt,  arsenic, 
and  manganese. 

The  bottle  or  preen  glass,  usually  made  of  common  sand, 
lime,  and  some  clay  fused  with  an  impure  alkali,  is  very  hard, 
and  resists  the  corrosive  action  of  all  liquids  much  better  than 
flint  glass :  the  green  colour  is  owing  to  the  iron :  it  is  well 
adapted  for  chemical  vesseN. 

Plint  plaMs,  the  most  fusible  of  any.  is  used  for  bottles,  ulen« 
sils  intended  to  be  cut  and  poli!ihcd,  and  for  various  ornamental 
purposes.  The  best  lund  is  composed  of  white  siliceous  sand, 
pearl  ash,  red  oxyde  of  lead,  nitrate  of  potash,  and  the  black 
oxyde  of  manganese. 

Piate  glau,  so  called  from  its  being  cast  in  plates  or  large 
sheets,  is  the  most  valuable,  and  is  employed  for  mirrors  and 
the  windows  of  carriages.  It  is  composed  of  white  sand 
cleansed  with  purified  pearl  ashes  and  borax.  But  should  the 
metal  appear  yellowt  it  is  restored  to  its  pellucid  transparency 
by  the  addition  (in  equal  proportions)  of  a  small  quantity  of 
manganese  and  arsenic.  It  is  cast  on  a  large  horiiontal 
table,  and  all  excrescences  pressed  out  by  passing  a  large 
roller  over  the  metal.  To  polish  the  glass,  it  is  laid  on  a  large 
horiiontal  tabic  of  freestone  perfectly  smooth;  and  then  a 
smaller  piece  of  glass,  fastened  to  a  plank  of  wood,  is  passed 
over  the  other  till  it  has  received  its  due  degree  of  polish.  But 
to  facilitate  this  process,  water  and  sand  are  used  as  in  the 
polishing  of  marble;  and,  lastly,  Tripoli  stone,  smalt,  and 
emery,  to  give  it  lustre. 

We  must  go  a  little  more  into  the  detail  of  this  art.  Fig.  2 
represents  the  casting  furnace  with  its  melting  pot,  he,  A  is 
is  the  borca,  or  month  of  the  furnace;  B  the  eistem  that  con- 
veys the  liquid  glass  out  of  the  melting  pots  in  the  fnmaoe  to 
the  casting  table  I).  This  cistern  is  brought  out  of  the  fumade 
by  means  of  the  iron  chain  suspended  on  the  hook  over  the 
bocca.  The  cistern  thus  placed  on  its  carriage,  and  moved 
over  the  table,  the  bottom,  which  is  moveable,  is  slipped  off  the 
torrent  of  liquid  flaming  matter,  and  flows  over  the  surface  of  the 
table,  where  it  is  ruled  to  its  proper  thickness  and  dimensioB 
by  the  rulers  EE.  and  the  roller  F  in  the  workman's  hands. 
The  cisterns  remain  six  hours  in  the  fbmaee;  the  metal  is 
melted  in  about  94  hours.  The  glass  is  now  to  be  ground, 
polished,  and  foliated. 

Grtndimf  and  PoHikmp.  fig.  3,  gives  plate  glass  a  floe  lustre. 
The  grinder  takes  it  rough  out  of  the  hands  of  the  caster,  and 
la>ing  it  upon  a  stone  table,  to  which  it  is  fixed  with  stucco,  he 
lays  another  rough  glass,  half  the  sise  of  the  former,  upon  it. 
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To  the  imaller  glais  a  plaok  i>  futened  bj  mraDi  of  ftneco, 
and  to  the  whole  a  wheel  B,  made  of  hard  light  wood,  about 
six  iochei  in  diameter,  by  pntliog  of  which  froin  tide  to  aide, 
and  from  end  to  eod  of  the  glass,  a  coDXtant  attritjoa  is  kept 
up  i  and  by  allowiog  water  and  fine  sand  to  paai  between  the 
plates,  the  whole  i>  very  finely  polished ;  bat  to  gilt  the  finigh- 
ing  polish,  powder  of  amalt  is  used.  As  the  upper  glass  grows 
nuoolher  it  is  taken  away  and  a  roagher  one  sabstitnled  in  ill 
■tead,  and  so  on  till  the  work  is  done.  Except  in  the  very 
lar|;est  plates,  the  workmen  polish  their  glass  by  meant  of  a 
plank  haiing  four  wooden  handles  to  moTO  it  i  and  to  this 
pUok  a  plate  of  glass  is  cemented,  as  above. 

AckroiKatie  FlUt  Glass.  The  important  disoOTery  of  M. 
GoinaDd  in  the  manufacture  of  flint  glass  for  larfe  telesoopea, 
■ball  close  our  article  upon  Glass.  The  excise  laws  of  Eng- 
land have  prevented  our  artists  from  attempting  to  melt  glass 
op  a  proper  scale  for  makioj;  leases  for  achromatic  telescopes ; 
bnt  in  France,  where  no  such  restrictions  exist,  namerooi 
attempts  have  been  made  to  perfect  the  roannfacture  of  flint 
glaii  for  optical  purposes ;  and  H.  Gnioand's  laboors  have 
been  finally  crowned  with  complete  saoeess.  The  almost  total 
impossibility  of  procuring  flint  glass  exempt  from  strue,  sag* 
gested  to  this  artist  the  conslruction  of  a  fornace  capable  of 
melting  two  hundred  weight  of  glass  in  one  mass,  which  he 
sawed  rertically,  and  polished  one  of  the  sectiooB,  in  order  to 
obserfe  what  bad  taken  place  daring  faiion.  He  discovered 
his  metal  to  be  vitiated  by  stria;,  specks  or  grains  with  cometio 
tails,  and  from  time  to  lime  as  he  obtained  blocks  inctoding 
portions  of  good  glass,  his  praciii^n  was  to  separate  them  by 
■awing  the  blocks  into  horizontal  sectiooa,  or  pen""'*''^''''''  "* 
their  axil.  A  fortunate  accident  condnoted  him  to  a  better 
process.  While  his  men  were  one  day  carrying  a  block  of  this 
glass  on  a  hand-barrow  lo  a  saw-mill  which  he  had  erected  at 
the  fall  of  the  Donbs,  the  mass  slipped  from  its  bearers,  and 
rolling  to  the  bottom  of  a  steep  and  rocky  declivity,  was  broken 
to  pieces.  H.  Gnioaud  was  at  first  grieved  at  this  misfortnne, 
bnt  having  selected  those  fragments  which  appeared  perfectly 
homogeneous,  he  softened  them  in  circular  moulds,  in  lach  a 
manner,  (hat  on  oooling  he  obtained  disks  that  were  after- 
wards fit  for  working.  To  this  method  he  adhered,  and  con- 
trived a  way  of  clearing  his  glass  while  cooling,  so  tfait  the 
fraotarea  abonld  fallow  the  most  fantty  parts-  When  flaws 
ocenr  in  the  larx e  masses,  be  removes  tbem  b^  cleaving  the 
pieoM  with  wedres ;  he  then  melts  them  again  in  monlds, 
which  give  than  ue  form  of  disks,  taking  care  to  allow  a  little 
of  the  glasBlo  project  beyond  one  of  the  points  of  the  edge,  so 
that  the  optioum  nay  be  enabled  to  nse  that  portion  of  glass 
in  making  a  prtnn,  which  ahall  give  the  measnre  of  the  index 
of  refraction,  and  that  obviate  the  necessity  of  ontting  the  lens. 
The  Astronomieal  Society  of  London  Imve  tried  disks  of 
H.  Qainaad's  Bint  aohiomatio  glass,  which  seems  entirely  homo- 
geneous, and  exempt  from  faalL  This  material,  Hr.  Tally,  a 
very  able  optician  in  Iiondon,  oonsidera  different  from  oar 
Eogliih  flint  glass,  as  it  grinds  and  polishes  much  easier. 

Glass,  the  nsaal  appellation  for  a  telescope.  Sight-Glaii, 
a  telescope  made  for  viewing  objects  at  nighL 

Ha{/'-i0ur- Glass,  &e^nently  called  the  Wattk-GU*i,  is  nted 
to  measmv  the  time  which  each  watch  has  to  stay  npon  deck. 
ffa^-mimttt  and  QMartir-miinilt-Ghuiti,  are  nsed  to  ascertain 
the  rate  of  a  ship's  velocity,  measnred  by  the  log ;  these  glasses 
■boold  be  freqoenUy  compared  with  a  good  stop  watch,  to 
determiiM  exacUy  how  many  seconds  they  run.  To  Flog  or 
S»*al  tie  GUu,  is  to  tnrn  It  before  the  sand  has  qnite  run  ont, 
and  thereby  gaining  a  few  minates  in  each  half  hour,  make  the 
watob  too  short  QUut  is  ased  in  the  plural,  to  denote  the 
dnratioo  of  an^  action ;  as,  ibey  foaght  yard-arm  and  yard-arm 
three  glaues,  t. «.  three  half-honrs,  or  an  hoar  and  a  half. 

GLAUCOMA,  la  Sargery.  a  disease  in  the  eye,  by  which  the 
crystalline  hnmonrtami  bluish,  and  its  transparency  diminish- 
as,  so  that  all  objects  appear  to  the  patient  as  through  a  cloud 
or  milt;  bnt  when  the  disorder  has  reached  its  height,  the 
visual  rays  are  all  intercepted,  and  blindness  follows,  espe- 
cially in  aged  persons.  The  applioationi  are  those  used 
intantally  lo  the  oatta  nrimm. 

GLAZIER'S  Vice,  a  machine  for  drawing  window  lead, 
Udmay  bathnadeiciibed.    P  G,  Q  H,  are  two  axles,  running 


in  the  frameKL,  HL.    CD,  are  twowheda  of  iraa,  eaie- 

hardened,  1|  inch  broad,  and  of  the  thickness  of  a  pane  of 
glass  i  these  wheels  are  fixed  to  the  axles,  and  ran  very  near 
one  another,  their  distance  not  exceeding  -Jg  of  an  inch ;  acres* 
their  edges  several  nicks  are  cnt,  tbe  better  ta  draw  the  lead 
throngh.  E,  F,  are  two  pinions,  each  of  twelve  leaves,  tnniai; 
one  another,  and  going  upon  the  ends  of  the  axles,  which  iie 
square,  being  kept  fast  there  by  the  nats  P  Q,  which  an 
screwed  fast  with  a  key,  A  B.  are  two  ohe«lu  of  iron,  case- 
bardened,  and  fixed  on  each  side  to  tbe  case  with  screws  -,  tbtst 
are  cnt  with  an  opening  where  the  two  wheels  meet,  and  set  s» 
near  to  the  wtiecds  ai  to  leave  a  space  equal  to  tha  thick  ncH  of 


the  lead  ;  so  that  between  the  wheels  and  the  che^ui  there  is 
left  a  hole  of  the  form  represented  at  N,  which  is  the  sbapeif 
the  lead  when  cat  through.  The  frame  K  L  M  L  is  held  toge- 
ther by  cross  bars  passing  through  tbe  sides,  and  screwed  oe ; 
and  a  cover  is  pat  over  the  machine  to  exclude  the  dnst.  ne 
whole  is  screwed  down  fast  to  a  bench  by  aorew  nails  LL. 
When  the  vice  is  nsed,  the  lead  to  be  drawn  is  first  east  Id 
monlds,  into  pieces  a  foot  long,  with  a  gntter  on  eaoh  side.  Oat 
of  these  pieces  is  taken,  and  an  end  of  it  sharpened  a  bttla 
with  a  knife  ;  then,  being  put  into  the  bole  between  the  wfceeb, 
by  turning  the  handle  I  the  lead  is  drawn  throngh  tbe  viec,  aad 
receives  the  form  designed. 

GLOBE,  in  Oeometry,  a  ronnd  solid  body,  which  SMy  tt 
conceived  to  be  generated  by  the  levolntion  of  a  semidrclt 
about  its  diameter.    iSia  Sfhbkb. 

Globe,  or  Art^eial  GbAt,  in  Geography  and  Astronomy,  w 
more  partionlarly  nsed  to  denote  a  globe  cf  metal,  pUsta, 
paper,  pasteboard.  Sec. ;  on  the  snrface  of  which  is  dracs  s 
map.  or  representation  of  eitiier  the  heavens  or  the  earth,  with 
Hm  several  circles  which  are  conceived  npon  tbein ;  tbe  ioimet 
beingoalledtheTerT(jtrt>JGbir,and  the  latter  the  CelrKtafCUc 

The  Terbbstxial  Globe.  (&e  PUUe.) — The  teneiUiil 
globe  is  an  artificial  representation  of  the  earth,  which  we  hivr 
already  described.  The  dinmal  motion  of  this  K'ohe  is  (ro* 
west  to  east. 

The  Celestial  Globs  is  an  iaiwrted  repreaentation  e(  tkc 
heavens,  on  which  the  stars  are  marked  aecordiog  to  tkir 
several  situations.  Tbe  diurnal  motion  of  this  globe  i*  (tob 
east  to  west,  to  represent  the  apparent  dinmal  motion  of  iht 
sun  and  stars.  The  eye  is  supposed  to  beplaced  In  tbe  ceatif 
of  this  globe,  but  In  fact  it  is  beyond  the  stars. 

Tbe  Axis  of  tbe  earth,  fig.  3,  ii  an  imaginary  tine  AK 
passing  through  its  centre ;  and  the  wire  on  which  the  artificul 
globe  turns  represents  this  line. 

The  Poles  of  the  earth  are  the  extremities  of  this  axis ;  Ihil 
on  the  north  is  called  the  Arctic,  that  on  tbe  sonth  ikr 
Antarctic  pole.    The  celestial  poles  are  imaginary  poiats  io 


cial  globe  turns,  divided  into  380  degrees.  Every  circle  is  inp- 
posed  to  be  divided  into  360  equal  parts,  called  defneet,  ratk 
degree  into  sixty  eqaal  parts  ealled  minutes,  eacA  lainate  iDia 
sixty  equal  parts  called  seconds,  &c. ;  a  degree  is  tberelbrr 
only  a  relative  idea,  and  not  an  absolute  qnaniity,  except  wtta 
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applied  U>  a  freat  circle  of  the  earth,  as  to  the  eqqator  or  to  a 
laeridiaD,  io  which  cases  it  if  lixly  fcoi^raphical  miles,  or  (Xl| 
Boi^lish  miles.  A  degree  of  a  freat  circle  in  the  heavens  is  a 
apace  nearly  eqaal  to  twice  the  apparent  diameter  of  the  sun ; 
or  to  twice  that  of  the  moon  when  considerahly  elevated  above 
the  horison.  Degrees  are  marked  with  a  small  cipher,  minutes 
with  one  dash,  seconds  with  (ro,  thirds  with  tkree^  &c.  Thus, 
2&**  \4tVf  SfiT'^  are  read  25  degrees,  14  minutes,  22  seconds, 
35  thirds. 

la  the  upper  semicircle  of  the  brass  meridian,  fi);*  6,  these 
defrees  are  numbered  10,  20,  &c.  to  90,  from  the  equator 
towards  the  poles,  and  are  used  for  finding  the  latitudes  of 
places.  On  the  lower  semicircle  of  the  brass  meridian  they  are 
nuahcred  10, 20,  &c.  to  90  from  the  poles  towards  the  equator, 
and  are  used  in  the  elevation  of  the  ]>oles. 

Great  Circles,  astheequator,  ecliptic,  and  the  colures,  divide 
the  globe  into  two  eoual  pans.    See  fig.  2. 

Small  Circles,  as  Uie  tropics,  polar  circles,  parallels  of  lati- 
Cade,  &c.  divide  the  globe  into  two  unequal  parts.    Fig-  2. 

Meridians,  or  lines  of  longitude,  are  umicirclet,  extending 
from  the  north  to  the  south  pole,  and  cutting  the  equator  at 
right  angles.  Every  place  upon  the  globe  is  supposed  to  have 
a  BMridlan  passing  through  it,  though  there  be  only  twenty- 
foar  drawn  upon  the  terrestrial  globe ;  the  deficiency  is  sup- 
plied by  the  brass  meridian.  When  the  sua  oomes  to  the 
OMridian  of  anv  place  (not  within  the  polar  circles)  It  is  noon 
09  mid-di^  at  that  place.    Figs.  3,  4,  and  5^ 

The  First  Meridian  is  that  from  which  geograpbera  begin  to 
reckon  the  longitudes  of  places.  In  English  maps  and  globes 
the  first  meridian  is  a  semicircle  supposed  to  pass  tluoogh 
I^oadon,  or  the  royal  observatory  at  Greenwich. 

The  Equator,  a  great  circle  of  the  earth,  equidistant  from  the 
poles,  divides  the  globe  into  two  hemispheres,  northern  and 
aouthern.  The  latitudes  of  places  are  reckoned  from  the  equa- 
tor, northward  and  southward,  and  the  longitudes  are  reckoned 
apon  it  eastward  and  westward.  The  equator,  when  referred 
to  the  heavens,  is  called  the  eguinottiml,  because  when  the  sun 
appears  in  it,  the  days  and  nights  aic  equal  all  over  the  world, 
rtr.  twelve  hours  earh.  The  declination  of  the  sun,  stars,  and 
planets,  are  counted  from  the  equinoctial  northward  and  Muth- 
ward ;  and  their  right  ascensions  are  reckoned  upon  it  east- 
ward round  the  celestial  globe  from  0  to  3G0  degrees.    Fig.  5. 

The  Ecliptic  is  a  gicat  circle  in  which  the  sun  makes  his 
apparent  annual  progress  among  the  fixed  stars.  It  is  the  real 
path  of  the  earth  round  the  sun.  The  intersection  at  2.'^'  '2f^  i» 
called  the  equinoctial  points ;  the  ecliptio  is  situated  in  the 
middle  of  the  lodiac.  The  apparent  path  of  the  sun  is  cither 
in  the  equinoctial  or  in  lines  nearly  parallel  to  it,  and  his 
apparent  annual  path  may  be  traced  in  the  heavens,  by  observ- 
ing what  particular  constellation  in  the  zodiac  is  on  the  meri- 
dian at  midnight ;  the  opposite  constellation  will  shew,  very 
aearly,  the  sun's  place  at  noon  on  the  same  day.     Fi):s.  I  and  2. 

The  Zodiac  on  the  ccleitial  globe  is  a  space  which  extends 
about  H°  on  either  side  of  the  ecliptic.  Within  this  belt  the 
sootions  of  the  planets  air  performed.    Fig.  I. 

Signs  of  the  Zodiac.  The  ecliptic  and  xodiac  are  divided 
into  twelve  equal  partii,  called  signs,  each  containing  30* ;  and 
the  sua  makes  his  apparent  annual  progress  through  the  ecliptic 
at  the  rate  of  nearly  a  degree  in  a  day.  The  names  of  the  signs, 
and  the  days  on  which  the  sun  enters  them,  are  as  follow : 

SPRING  S1G!^S.  SCVMKR  SIGNS. 

«r   Ariet,    the    Ram,    21st    of   ^  Ctinerr,  the   Crab,  21st  of 

March.  June. 

b    Tmmrus,  the  Bull.   19th   of    \(     Leo,    the     Lion,    22d    of 


April. 


July. 


<f emmi,  the  Twins,  20th  of'nt  Viryo,  the  Virgin,  22d  of 
May.  AriKust. 

All  northward  of  the  equ.'itor. 


AUTUMNAL  SIGNS. 

'Qt   Librm,  the  Balance,  2nd  of 

September. 
W|  Xrorpi#,  the  Scorpion,  23d 

of  October. 
I    &firtorntf,  the  Archer,  22d 

of  November. 


WINTKR  SIGNS. 

*^  Cnpricornus,  the  Goat,  21st 

of  llecemher. 
^  Aauaritu,  the  Watcrbcarer. 

2Uth  of  Januarv. 
Pisces,  the  Fishes,  I9th  of 

February. 


These  are  called  souUiern  signs,  being  all  south  of  the  equator. 
41. 


The  Colore!,  two  great  cirdes  passing  through  the  points 
Aries  and  Ubra,  and  the  poles  of  the  world ;  Cancer  and  Ca- 
pricorn, and  the  poles  of  the  world,  have  their  uses  in  mecha- 
nical geography.  That  passing  throuirh  Aries  and  Libra,  is 
called  the  eauinoctial  colure ;  that  passing  through  Cancer  and 
Capricorn,  the  solstitial  colure.     Fig.  1. 

The  Tropics  are  two  smaller  circles,  each  23*  29*  from  the 
equator,  with  which  they  are  parallel ;  the  northern  is  called 
the  Tropic  of  Cancer,  the  southern  the  Tropic  of  Capricorn. 
The  tropics  are  the  limits  of  the  torrid  lone,  northward  and 
southward ;  and  within  these  boundaries  alone  is  the  son  ever 
seen  vertical.    Figs.  I  and  2. 

The  Polar  Circles  are  two  small  circles,  parallel  to  the  eqna* 
tor  (or  equinoctial),  at  the  distance  of  00*  9'Jf  from  it,  and 
23*  2h'  from  the  poles.  The  northern  is  called  the  Arctic,  the 
southern  the  Antarctic  circle.    Figs.  1  and  2. 

Parallels  of  Latitude  are  small  circles  drawn  through  every 
ten  degrees  of  latitude,  on  the  terrestrial  globe,  parallel  to  the 
equator.  Every  place  on  the  globe  is  supposed  to  have  a 
parallel  of  latitude  drawn  through  it,  though  there  are  generally 
only  16  parallels  of  latitude  drawn  on  the  terrestrial  globe. 

The  Hour  Circle  on  the  artificial  globes  is  a  small  circle  of 
brass,  with  an  index  or  pointer  fixed  to  the  north  pole.  The 
hour  circle  is  divided  into  twenty-four  equal  parts,  correspond* 
Ing  to  the  hours  of  the  day ;  and  these  are  again  subdivided 
into  halves  and  quarters.    Pigs.  0  and  7. 

The  Horiion  is  a  great  circle  which  separates  the  visible 
half  of  the  heavens  fVom  the  invisible;  the  earth  being  eonsi* 
dercd  as  a  point  io  the  centre  of  the  sphere  of  the  fixed  stars. 
Horiaon,  when  applied  to  the  earth,  is  cither  sensible  or 
rational.     Figs.  I,  2.  6,  and  7- 

The  Sensible,  or  Visible  Honxon,  is  the  circle  which  bonnds 
our  view,  where  the  sky  appears  to  touch  the  earth  or  sea. 
The  sensible  horiaon  extends  only  a  few  miles ;  for  example, 
if  a  man  of  six  feet  high  were  to  stand  on  a  large  plane,  or  on 
the  surface  of  the  sea :  the  utmost  extent  of  his  view,  upon  the 
earth  or  the  sea,  would  be  only  a  very  few  miles. 

The  Rational,  or  true  Horiaon,  is  an  imaginary  plane,  paus- 
ing through  the  centre  of  the  earth  parallel  to  the  sensible 
horizon.  It  determines  the  rising  and  setting  of  the  sun, 
stars,  and  planets.    Figs.  I  and  2. 

The  Wooden  Horiion,  B  C,  circumscribing  the  artificial 
globe,  representii  the  rational  horiion  on  the  Earth.  This  hori- 
aon is  divided  into  several  concentric  circles,  arranged  in  the 
following  order :  One  contains  the  thirty-two  points  of  the 
compass,  divided  into  half  and  quarter  pointi.  The  degrees  in 
each  point  arc  to  be  found  in  the  amplitude  circle.  Another 
contains  the  twelve  signs  of  the  aodiac,  with  the  figure  and 
character  of  each  sign ;  and  another  contains  the  days  of  the 
month  answering  to  each  degree  of  the  son's  place  In  the 
ecliptic,  and  the  twelve  calendar  months. 

The  Cardinal  Points  of  the  horiion  are  east,  west,  north,  and 
south.  The  Cardinal  Points  in  the  heavens  are  the  senith.  the 
nadir,  and  the  points  where  the  sun  rises  and  sets.  The  Car- 
dinal Points  of  the  ecliptic  are  the  equinoctial  and  solstitial 
points,  which  mark  oat  the  four  seasons  of  the  year;  and  the 
cardinal  signs  are — 

rr  Aries,  e^  Cancer,  ^  Libra,  and  '<f  Capricorn. 

The  Zenith  is  a  point  in  the  heavens  exactly  over  head,  and 
is  the  elrvated  pole  of  our  horiaon.    Fig.  2. 

The  Nadir  is  a  point  in  the  heavens  exactly  under  onr  feet, 
being  the  depressed  pole  of  our  horiion.  and  the  aenith,  or  ele- 
vated pole,  of  the  horiion  of  our  antipodes.     Pig.  2- 

The  Pole  of  any  circle  is  a  point  on  the  surface  of  the  globe, 
ninety  dr;;rees  distant  from  every  part  of  the  circle  of  which  it 
Is  the  pole.  Thus  the  poles  of  the  worid  are  ninety  degrees 
from  everv  part  of  the  equator ;  the  poles  of  the  eelipne  (on  the 
celestial  ^lobe)  are  niaety  degref^  fro«  every  part  of  the  eclip- 
tic, and  2.1*  28'  from  the  poles  of  the  equiooetial,  eoaseqaently 
thev  are  situated  in  the  arctic  and  antaretie  drelef.  Every 
circle  on  the  globe,  whether  rral  or  imaainary.  has  two  poles 
diametrically  opposite  to  each  other.     Figs.  I  and  2. 

The  Equinoctial  Points  are  Aries  and  Libra,  where  the 
ecliptic  cnU  the  eauinoctial.  The  point  Aries  la  ealled  tha 
vernal  equinox,  and  the  point  Libra  tha  aatwnaal  e^ninos* 
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When  the  ran  is  la  rither  of  tfaeie  points,  tlie  dayi  and  nigfati 
on  BTcrjr  part  of  tbe  globe  mre  eqoal  to  each  other. 

The  Solatitiat  Fointi  are  Cancer  and  Capricorn.  When  tbe 
Bun  entoTi  Cancer,  it  ii  the  loDgeat  daj  to  all  the  inbabitanta  on 
the  north  side  of  the  equator,  and  the  shortest  da;  to  thoie  on 
the  sonth  aide.  When  the  saa  enten  Capricorn,  it  is  tbe 
ahortest  daj  to  those  who  live  in  north  latilade,  and  the  longest 
da;  to  those  who  lite  in  sontb  latilade. 

An  Hemisphere  is  half  tbe  aorface  of  the  ^'obe;  for  every 
great  circle  divides  the  globe  into  two  hemiiphcres.  Tbe 
borixoB  divides  the  upper  from  the  lower  hemisphere  in  the 
heavens  ;  the  equator  separates  the  norlhern  from  the  southern 
on  the  earth  ;  and  tbe  brass  meridian,  standing  over  any  place 
on  the  terrestrial  globe,  divides  the  eastern  from  the  western 
hemisphere.     See  figs.  2,  3,  4,  and  6, 

Tbe  Hariner's  Compass  is  a  representation  of  tbe  horizon, 
and  by  seamen  it  is  used  to  direct  and  ascertain  the  coorse  of 
their  ships.  It  consists  of  a  circular  brass  box.  which  contains 
a  paper  card,  divided  into  thirtj-two  eqnal  parts,  and  fixed  on 
a  magnetical  needle  that  always  turns  towards  the  north. 
Bach  point  of  tbe  compass  contains  11°  l^,  or  111  degrees, 
bein{;lhe  33d  part  of  360  degrees.    Stc  Compass. 

Tne  Variation  of  the  Compass  is  the  deviation  of  its  point! 
from  the  corresponding  points  in  the  heavens.  When  the 
north  point  of  the  compass  is  to  the  east  of  the  trne  north  point 
of  the  horizon,  the  variation  is  east ;  if  it  be  to  the  west,  the 
variation  is  west.  Tbe  compass  is  ased  for  setting  the  artificial 
globe  north  and  sonth;  but  care  most  be  taken  to  make  a 
proper  allowance  for  the  variation. 

The  Latitude  of  a  place,  on  the  terrestrial  globe,  i*  its  dis- 
tance from  the  equator  in  degrees,  minntes,  or  geographical 
miles.  Sco.  and  is  reckoned  on  tbe  brass  meridian,  from  the 
equator  towards  the  north  or  sooth  pole.    Sie  Latitude, 

Tbe  Quadrant  of  Altitude,  E,  fig.  6,  a  thin  piece  of  brass 
divided  upwards  from  0  to  90  degrees,  downwards  from  0  to 
IP  degrees ;  when  nsed,  it  Is  generally  screwed  to  the  brass 
Heridi&n.    The  upper  divisions  determine   the  distances  of 

{tlaoes  on  tbe  earth,  tbe  distances  of  the  celestial  bodies,  their 
ititndeg,  be. ;  and  the  lower  division)  are  applied  to  finding 
the  beginning,  tbe  end,  and  duration  of  twilight. 

Tbe  Longitude  of  a  place  on  tbe  terrestrial  globe,  is  the  di>- 
tanoe  of  the  meridian  of  that  place  from  the  first  meridian, 
reeaoned  in  decrees,  end  parts  of  a  degren,  on  the  equator. 
Longitude  is  either  eastward  or  westward,  according  as  a 
place  is  to  the  east  or  west  of  the  first  meridian.  No  place  can 
have  more  than  IBO  degrees,  or  half  the  circumference  of  the 
globe.     Sen  LoNOiTUDB. 

Hour  Circles,  are  the  the  same  as  meridians.  They  are 
drawn  through  every  fifteen  degrees  of  tbe  equator,  each 
answering  to  an  hour.  The  brass  meridian  and  these  circles 
always  correipond. 

AParBlleISphere,fig.4,Isrepresented  truly  when  the  ei^aalor 
and  rational  borison  oorrespond.  The  poles  are  perpendicolar 
to  the  horizon.  A  Direct  or  Right  Sphere,  fig.  6,  is  tbe  reverse ; 
the  rqnator  is  at  right  angles  with  the  horizon.  An  Oblique 
Sphere,  fig.  3,  is  that  posiuon  tbe  earth  has  when  tbe  rational 
boriaon  cuts  the  equator  obliquely,  and  hence  it  derives  its 
name.  All  inbabitants  on  the  earth  (except  those  who  live 
exaetty  at  the  poles,  or  at  the  equator)  have  this  position  of  the 
ipbere.  The  days  and  nights  are  of  unequal  lengths,  tbe 
paralleU  of  latitude  bring  dlnded  into  nnequal  parts  by  the 
noriaoB. 

Climate,  is  a  part  of  the  surface  of  the  earth  contained 
between  two  small  circles  parallel  to  the  equator,  and  of  such 
a  l»eadth,  that  tbe  longest  day  in  the  parallel  nearest  the  pole, 
exceeds  the  longest  day  in  tbe  parallel  of  latitnde  nearest  the 
eqnator,  by  half  an  hour,  in  the  torrid  and  temperate  cones,  or 
bjr  a  month  In  the  frigid  Bones;  so  that  there  are  twenty-four 
elimatea  between  the  eqaalor  and  each  polar  circle,  and  six 
climates  between  eaeb  polar  circle  and  its  pole. 

A  Zone,  is  a  portion  of  the  earth's  surface  contained  between 
any  two  circles  parallel  to  the  equator;  and  there  are  five 
■ones.  The  Torrid  Zone,  extending  from  the  tropic  of  Cancer 
to  the  tropic  of  Capricorn,  is  46°  66"  broad.  This  zone  was 
ttonght  by  tbe  ancients  to  be  nninbabited,  beeanse  it  is  con- 
nnuUj  exposed  to  the  direct  rays  of  the  inn ;  and  such  part* 


ol  the  torrid  lone  as  were  known  'la  them  were  na^f  ^MMtlv 
as  tbe  middle  of  Afilea,  Arabia,  tec  aad  tbeae  •and;  daearti 
extended  beyond  the  left  bank  of  the  Indna,  towardt  AgtoHn. 
Tbe  Two  Temperate  Zones.  The  north  temperate  Mme  exkada 
from  the  tropic  of  Cancer  to  the  antia  drcln ;  nnd  the  aovlb 
temperate  zone  from  the  tropic  of  Capiioom  to  tho  antarelia 
circle.  These  zones  are  each  43°  4'  broad,  and  von  inBid 
temperate  by  the  ancients,  beeanse  mcetiDg  tte  K^M  n^t 
obli(|nely,  tbey  enjoy  a  moderate  degree  of  be«L  TW  Tm 
Frigid  Zones.  The  north  frigid  aone,  or  rather  m>%muui  ef  Ike 
sphere,  is  bounded  by  the  arctic  circle.  The  nortk  poU,  wMit 
is  23°  26'  from  tbe  arctic  circle,  is  situated  ia  the  oesitre  of  Hi 
zone.  The  south  frigid  zone  is  bounded  by  tbe  nntatetiB  tM», 
disUnt  23°  28'  from  the  south  pole,  which  ia  aitwated  fa  Iht 
centre  of  this  zone.     See  fig.  2. 

Amphiscii  are  inhabitants  oftbetorridzone.  Thnftrewedad, 
because  their  shadows  fall  north  or  sooth  at  dUrareBttiaaatf 
the  year.  Heteroscii  are  the  inhabitanU  of  tbe  UmptnM 
zones,  because  their  shadows  at  noon  fall  only  one  w^.  Ih* 
PerisoU  are  those  people  who  inhabit  the  frigid  aonne  Uef 
are  so  called,  because  their  shadows,  during  a  revolntieaaf  Iba 
earth  on  its  axis,  are  directed  towards  every  point  of  thecal 
pass.  Antoeci  are  those  who  live  in  tbe  same  degree  of  tm^ 
tude,  and  in  equal  degrees  of  latitude,  but  tbe  one  in  nettt  as! 
the  other  in  south  latitude.  Perioeci  are  those  who  lire  ie  Nn 
same  latitude,  but  in  opposite  longitades.  Antipodea  we  thate 
inhabitants  of  the  earth  who  live  diatnetricsJly  opposite  te  taah 
other,  and  consequently  walk  feet  to  feet. 

Tbe  Crepuscutum,  or  Twilight,  is  that  faint  lisbt  whscfc  ■• 
perceive  before  the  sun  rises,  and  after  he  seta.     It  ia  | 
hy  the  rays  of  light  being  refracted  i      '    '    , 
tbe  earth's  atmosphere,  and  reflected  from  the  d 
cles  thereof    Tbe  twilight  is  supposed  to  end  in  tbi 
when  the  nun  is  eighteen  degrees  below  the  horiion. 

The  angle  of  position  between  two  places  o 
globe  is  an  angle  at  the  zenith  of  one  of  the  plnooe,  fomadlf 
the  meridian  of  that  place,  and  a  vertical  circle  pMriag 
through  the  other  place,  measured  on  tbe  horixoa  trim  t» 
elevated  pole  towards  tbe  vertical  circle. 

Rhnmba  are  the  divisions  of  the  hoiixon  into  th]rtf4*e 
parts,  called  the  points  of  the  compass. 

Problem  l.—Tofind  tke  latiliide  (f  my  place. — Role.  TM 
tbe  globe  till  the  place  comes  to  the  graduated  edge  of  Ibi 
brazen  meridian,  and  tbe  degree  on  the  meridian  with  wUca 
the  place  corresponds  is  the  latilade  north  or  aootb,  as  It  Biy 
be  north  or  south  of  tbe  equator. 

Example.— Thus  tbe  latitude  of  Loudon  is  61)  north,  and  of 
Lima  12°  1'  south.  What  are  the  latitudes  of  Athens,  Bengal, 
the  Cape  of  Good  Rope,  Cape  Horo,  Constaotinopte,  Bmb- 
bnrgh,  Ispahan,  Madras,  Moscow,  Paris,  rhiladelphia.  Prane, 
Stockholm,  and  Vienna  ?  Tbe  answers  to  these  are  fonnd  traa 
the  respective  places  in  the  table  at  the  words  LatibiJt  at 
Longitude. 

Preblrm2. — To  find  the  Ions' f^  of  mt)  pl»et.—ltalo.  Tan 
file  globe  till  the  place  comes  to  the  braxen  meridiao,  and  At 
degree  on  the  eqnator  intersected  by  tbe  braaen  mtiiJIw^ 
shews  tbe  longitude  from  Loodoo. 

Example. — Tbe  loogitnde  of  Madras  ia  eighty  degreet  eMt) 
of  Lisbon,  nine  degrees  west.  What  are  the  longitBdce  af 
Amsterdam,  Archangel,  Babelmandel,  Bengal,  Dnblla,  GiknI- 
tar,  Jerusalem,  and  Quebec? 

Problem  3.—To_find  ang plaei  en  the gb>6e,]kmnMg  tit  irtin* 
and  lonsitude  of  Ikiit  place  ^ivra.—Rnle.  Find  tbe  longitadeaf 
the  given  place  on  the  eqnator,  bring  it  to  that  part  of  Oa 
brass  meridian  which  is  numbered  from  the  equator  tnwaril 
the  poles;  and  then  under  the  given  latitude,  on  the  kas 
meridian,  you  will  find  the  place  required. 

Example,— 1.  What  place  has  \fiH°  east  longitnde,  aai 
34°  souUi  latitude!    Atuui.  Botany  Bay. 

PrabUMi.~To  find  the  d^ert  , 
—Rule.  If  the  places  are  in  the  same  benrisplM 
to  tbe  meridian,  and  subtract  tbe  latitude  of  the  one  tn»  1U> 
of  the  other;  if  in  different  hemispherea,  add  thelalflnde* 
the  one  to  that  of  the  other,  and  the  mm  will  shew  the  difc- 
renee  of  latitnde. 


toflatitwUefaaftiftflKm. 
lame  bemispaere,  bring  eaah 
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BxBKplM. — 1.  Wbat  li  die  dIftrcBW  at  Udtnd*  betvMn 
PUtsdelphte  and  Pclenborg!    Antm.  Twentj  degrrai. 
X,  Wkat  ii  tb«  diff«r«Dee  of  btitvde  belwMa  Madrid  aad 


■  AjratT    Am.  S«TeBty.flv«  degree*. 
flerM.— Rote.  BriBf  one      -  .- -^    . 


n  aerMiBn, 


PrMtmt.—TtJhtdtktdM'trtmw^:    . 

krM.— Rote.  BriBf  eiwMtbonlaoee  to  tbe 
•mt  iu  loDfritiide  i  tlwa  bring  the  otker 
■■d  ibe  nonber  oT  deiriwi  betmoB  lU 
Ike  Brat  merit  ii  tbe  difference  of  lonfitnde.    When  thii 
•Koeedi  IMdegnei,  take  from  It  300,  and  the  remaiDder  will 
Iw  tke  dilTcreaee  of  lon^tade, 

Szanplee.— I.  Wbat  fi  the  differenee  of  loegitade  betweea 
Bwtadoe*  aad  Cape  Verd?    Atuw.  41°  ^. 

%  What  if  the  dilTeroooe  of  longitade  between  Bnenei  Ayrei 
lad  tbo  Cape  of  Good  Hope?    Amm.  TV  Xf. 

a.  Wbat  li  the  difference  of  Iom<tnde  between  Botany  Baj 
•■d  Owbjhee !     Anm.  W  4V.  or  S3|». 

PrmUtm  8.— TVjfW  tkt  dutwnn  trtwtm  (vs  phetL—Rvte. 
Vben  the  dfitance  it  leii  than  90,  lay  the  qnadrRnt  jf  altitade 
ovor  both  the  placet,  to  that  the  dlTition  marked  O  may  be  on 
•■•or  Ibe  placet^  then  the  deicree  ent  by  the  other  plHce  will  shew 
Ibe  dittanee  la  degreei.  Heltiply  theie  dqcreei  by  ODt.  and 
An  prodnct  will  be  the  diitanee  In  Bngliih  mile*.  The  dit- 
taaee  between  two  places,  with  the  Bn|[le  of  poxition,  may  be 
tOmmi.  at  the  lame  time,  In  the  followli^  maDoer : — I .  Eletale 
the  globe  for  one  of  the  placet,  bring  It  to  the  meridian,  (crew 
tke  qaadraat  of  altitade  oter  it ;  then  move  the  qBadrant  till  it 
MMBe  over  the  other  place,  and  obterte  what  degree  of  it  thli 
laal  plaee  eati.  SebtTmot  tbia  diatanee  from  ou,  aad  the 
fCmaiiMer 


Wbea  the  diatantt  il  greater  thin  90,  find  the  aotlp«>di 
••e  of  the  placet,  and  meaaore  the  dittance  between  thia  and 
Ike  other  plaeewiih  the  qaadrnnl  of  aliirarie.  Subtract  thlt  dia- 
taace  from  180,  aad  the  remainder  will  be  the  whole  •l^at    i: 

Wktm  lk»  mtgle  tfpotitioit  ii  nmrirtd,  thlt  cane  may  be  pcr- 
lieiMtd  that :  1.  Elerale  the  gloSe  for  the  an  podeaorooeof 
tke  placet,  and  baring  fised  the  qandrant  over  It,  bring  Iti 
•di(«  over  the  other  place,  and  add  the  degree  cat  by  it  to  90, 
mad  Ibe  anm  will  be  the  diatanee  reaajred.  2.  Tbe  qoadrant 
orfl]  ahewike  petition :  only,  W.mnatbe  read  for  E.;  E.  forW.; 
M.  for  S. :  aori  6.  for  N.  3.  What  la  tbe  diatanee  between 
T— doa  and  Botany  BayT 

IM  diiiance  In  degreet:  IM  diatanee  in  degrees. 


60 
9M0  geographical  milea. 


S91 


10703  Ei«lldi  milet. 


PrMtm  l.—Tie  tow  ieiH^  gittn  ny  pUcr.  ta  fmi  tciiat 
A«v  it  u  m  My  mktr  ogri  oflk*  rorU.— Role.  Briog  the  place 
■t  wkteb  tbe  time  i«  giren  to  the  meridian,  iet  the  Index  to  (he 
ftreii  boar,  then  torn  the  globe  till  tbe  other  place  comet  to 
tke  Meridiaa.  and  the  iadex  will  shew  the  thne  reqnired. 

Ol*.  ne  earth  tumt  raand  on  ita  axla  from  thewMt  towarda 
tks  eatt,  and  canies  a  different  part  of  ita  aorface  to  he  tao< 
ccuirely  preaenird  to  the  inn.  When  tke  meridian  of  any 
pUeaiadirectlfappotile  tothe  ton.  It  ia  then  noon  to  all  plaeea 
•■  (bat  aeridian.  Meridiona  towarda  Ibe  east  cone  opiNMite 
tolhc  SMaaooDor  than  thoae  towarda  tltewett;  and  benoe  the  peo- 
flm  Ibere  hare  noon  much  tooner,  and  all  the  other  honra  of  tbe 
JayarM  be  proportionalilj  adranced.  The  earth  takea  94  bonrt 
ta  ton  on  ita  aiii,  and  toe  rate  at  which  it  lama  every  boar 


*  radtedmji>rtttMM>tb«(hth«iMa.ud*piMtit,ialk«*dJ«iibc 
■«■.  wa  h«  f«aa4  lb.  (igm  .^  d«CrM  il  *W(ih  (b«  ■■■  il  ftrlfcu  dif. 

•  Tke  *iilw>  k  pRipnlr  m  Mtbagnvhis  |»}«>iM  ef  th*  ipbm  m 
» |lwa  af  th*  iMridJu  -,  brt  wbu  it  uUad  th*  Aulnwi  m  iha  (lab*  la 
^awm  ■%  of  p*p«f.  Ill*  Icnpb  of  nhMh  i«  *s*al  la  Ik*  bra^lh  *r  Iha 
nil  MM.  It  u  puled  oa  HBi  ncut  plu*  M  lb*  (low  la  tb*  lanM 
Ml,  Ml  b  Ctidiaiata  asalh*,  Md  iiji  nf  Ibi  Mtb  iiwiiaiiiaiiM  li 
M.M>'adMaMiiMte*TiiTlijiatbiTa».    Il  ii  diridtd  tala  tm  pvta ; 
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iD«y  be  fonnd,  hj  divMIng  m»  by  M ;  the  qnotieBt,  111,  la  tho 
namber  of  degiaet  the  earth  lurnain  an  boar.    Hence  It  la  that 
a  place  lying   16*  to    ibe  eaat  of  another,  will   have   noon 
one  boar  looner :  if  it  It  30^  or -U*.  It  will  hare  noon  two  or 
three  honri  aooner  than  the  other ;  and  no  on  in  the  aame  pro- 
portion for  all  placet  further  remored.     Placet  that  lie  Ifi*,  30^, 
or  4Bf,  to  the  wen  of  that  plaee  at  which  il  la  noon,  will  have 
noon  one,  two,  or  three  houra  later ;  and  to  on  in  tbe  aame 
proportion. 
(buHionfor  Emritt.—WhH  il  the  honr  at  Pekin,  when  I* 
9a.  in.  ft  Litbon  !    Antr,  Twenty-lwo  ninalea  after  Ap.M. 
Ca/enlatiaN.— The  difference  of  longilode   ia   13&*  .13'  ^  9 
bonra  23  mlnatea ;  and,  a<  Pekin  ia  eatt  of  Liabon,  tltia  moat 
be  idded. 

9  bonrt  0  ninnlea,  a.  at.  given  boar  at  Litbon. 
8         33  differenoe  of  lime  between  the  placet. 

17       as 


Anim.     &liourt23  minatei  p.  ■- 

PrMemB.—To  tdjvit  tkt  globe  for  tke  latitat,  tmM,  ana 
nm'f  pber.— Rale.  Vox  ihr  Utii*dt :  elevate  the  pote  above  tbe 
horiaon  according  to  the  latitude  of  tbe  place,  and  the  globe 
will  be  adjaited  for  the   latitode.     For  tit  ztukk :  acrew   tbe 

SIDfldrant  of  aliitnde  on  the  meridian  at  ihe  given  degree  of 
atitnde,  eonntiog  from  the  equator  towards  the  elevated  pole, 
and  the  globe  will  be  rectified  for  Ihe  aenith.  For  tkt  nm't 
plnci:'  find  the  aaa'a  place  on  Ihe  horiaon,  and  then  bring  the 
place  which  corrcipond*  tberelo,  found  on  the  ecliptic,  to  the 
meridian,  and  aet  &ie  honr-indox  to  twelve  at  noon,  then  will 
the  globe  be  adjnaled  for  the  son't  place. 

Bxamplea.— 1.  That  In  rectify  for  Ihe  latitude  of  London  ob 
the  10th  of  May.  The  globe  ia  ao  placed,  that  the  north  pole 
ahall  be  &1  degreei  above  the  north  nide  of  tbe  boriaon ;  then 
&H  will  be  found  on  Ihe  aeoith  of  the  meridian,  on  which  ihe 
quadrant  matt  be  icrcwed.  On  the  horiion,  the  luih  of  May 
anawera  to  Ihe  30th  of  Taurut :  find  tbia  on  Ihe  ecliptic,  bring 
it  to  the  meridian,  tet  the  index  to  twelve,  and  the  globe  Is 
rectiSed  for  the  latitude,  lenith,  and  tun't  place,  for  Ibe  lOlk 
of  May. 

3.  Rectify  the  globe  for  London,  Peleriburgh,  Uadraa,  and 
Pekin,  for  the  34th  of  Febrnary. 


The  aaa'a  place,  or,  aa  it  it  otberwlte  termed,  the  itm't  la»f^ 
tYde,  may  be  fuond  for  any  dny  of  Ihe  year  in  While't  Bpbeaa- 
rit,  or  in  the  Nauiica  Almanack.  In  While'a  Bphemeris  it  it 
marked  in  tbo  firii  column  of  the  right-hand  page  of  every 
month. 
4.  What  is  the  aao't  plac*  for  March  10th '.  Antte.  X  30*  7- 
A.  What  it  the  son's  -  lace  on  Ibe  41b  of  Janet  Aium.  a 
13*  or. 

ProUtm  9.— 7*0  find  Iht  twt't  deeliiutio*. — Rule.  Bring  the 
san't  place  for  the  given  day  to  the  Lrnaa  meridian,  and  Ihe 
degree  over  It  will  be  the  declination  aoaibl :  or  bring  the  day 
of  the  month  marked  on  Ihe  analcmma.f  to  the  brau  meridian, 
and  Ihe  degree  over  il  will  be  the  declination  ai  before.  Tbe 
aaa'a  declinatioo  ii  given  in  the  table,  page  SOU,  for  every  day 
in  thcyear. 

1.  The  declination  of  the  san  being  ita  diitanee  aorth  oc 
sooth  from  Ihe  eqaator,  this  problem  it  exactly  tbe  taote  as 
that  for  Oadlag  the  latltadeof  a  plaoe. 

a.  The  greatest  north  declination.  2r  as*,  ia  wbea  Iba  aaa 
enters  Caneer,  Jane  31  tt,  that  being  tbe  gicaiaat  diatanee  of  Ike 
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ecliptic  north  of  tbe  equator.  The  greatest  soatb  decliiiatioii« 
03*  28^,  is  when  it  enters  Capricorn,  December  2l8t,  that  being 
the  greatest  distance  of  the  ecliptic  soath  of  the  eqaator. 

Examples. — 1.  What  is  the  sun*8  declination  for  March  10th? 
Answ,  3^  84'  soath. 

2.  Also  for  January  31  st?    Answ,  17®  14  south. 

3.  Also,  1.  April  23d?  2.  August  12th?  3.  August  1st?  4. 
March  6th?    5.  July  23d?    6.  October  19th? 

Problem  10. — To  rectify  the  globe  for  the  sun's  place,  and  day 
of  the  fium/A.—Find  the  sun's  declioation  for  the  given  day,  by 
uie  last  problem.  Then,  if  the  declination  be  north,  elevate 
the  north  pole  as  many  degrees  as  are  equal  to  it ;  if  south , 
elevate  the  south  pole.  When  the  globe  is  rectified  for  the 
siiD^s  place,  and  the  sun  brought  to  the  zenith,  the  horizon  will 
be  the  boundary  of  light  and  darkness ;  it  will  therefore  be  day 
with  all  those  places  above  the  horizon,  and  night  with  all 
those  below  it 

Examples. — 1.  Rectify  the  globe  for  the  sun's  place  on  June 
4th.  Answ,  On  June  4th  the  sun's  declination  is  22|®  north ; 
therefore  the  north  pole  of  the  earth  most  be  elevated  22|®  above 
the  horizon. 

2.  Elevate  the  globe  for  the  sun's  place  on  October  6th. 
Answ.  The  son's  declination  on  October  6th  is  6*  south ;  hence 
the  sooth  pole  of  the  earth  mast  be  elevated  5*  above  the 
horizon. 

Problem  11. — To  find  the  sun's  rising  and  setting  for  a  given 
day,  at  a  given  place, — Rule.  Elevate  the  globe  for  the  sun's 
declination;  bring  the  given  place  to  the  meridian;  set  the 
index  to  twelve,  and  turn  the  globe  till  the  given  place  comes 
to  the  easttra  edge  of  the  horizon ;  then  the  index  will  shew 
the  time  of  ^  sun's  rising.  Next  bring  the  given  place  to  the 
western  edge  of  the  horizon,  and  the  index  will  shew  the  hour 
at  which  the  sun  sets.  If  the  hour  circle  have  a  double  row  of 
figures,  make  use  of  that  which  increases  towards  the  east ;  the 
son's  rising  and  setting  may  then  be  found  at  once,  by  bring- 
ing the  place  only  to  the  eastern  edge  of  the  horizon,  for  the 
index  will  point  on  one  row  to  the  hour  of  rising,  and  on  the 
other  ^that  Which  increases  towards  the  west)  to  the  hour  of 
setting. 

By  tkisproblem  may  be  found  the  length  of  the  day  and  night* — 
Double  the  time  of  the  sun's  setting,  and  it  will  give  tbe 
length  of  the  day» 

Double  the  time  of  the  sun's  rising,  and  it  will  give  th6 
leiiigth  of  tbe  night. 

Examples.— 1.  Required  the  time  of  sun-rise  and  sun-set  at 
London  on  the  1st  of  Jund. 

2.  What  time  does  the  sun  rise  and  set  at  London  on  July 
17th,  and  what  is  the  length  of  the  day  and  nip:ht?. 

Problem  12. — A  place  being  given  in  the  north  frigid  zone,  to 
find  when  the  tun  begins  to  appear  above  the  horizon,  and  when  to 
disappear;  also  the  length  of  the  longest  day  and  night, — Rule. 
Elevate  the  globe  for  the  latitude ;  bring  the  ascending  signs 
to  the  south  point  of  the  horizon  ;  observe  what  degree  of  the 
ecliptic  is  cut  by  that  point ;  find  on  the  calendar,  the  day  of 
the  month  answering  to  that  degree  ;  and  this  will  be  the  time 
of  the  sun's  beginning  to  appear  above  the  horizon  at  the  given 
place,  which  is  the  end  of  the  longest  night. 

Bring  the  descending  signs  to  the  south  point  of  the  horizon, 
and  the  day  in  the  calendar,  answering  to  the  degree  of  the 
ecliptic  cut  by  this  point,  will  be  that  on  which  the  sun  disap- 
pears ;  which  is  the  beginning  of  the  longest  night. 

Bring  the  ascending  signs  to  the  north  point  of  the  horizon, 
and  the  degree  of  the  ecliptic,  indicated  as  above,  will  shew 
when  the  sun  begins  to  shine  continually ;  which  is  the  begin- 
ning of  the  longest  day. 

Bring  the  descending  signs  to  the  same  point,  and  in  the 
lame  manner  it  will  be  found  when  the  sun  ceases  to  shine 
eontlnoally,  or  the  end  of  the  longest  day. 

From  the  end  of  the  longest  night  to  the  beginning  of  the 
longest  day,  and  from  the  end  of  the  longest  day  to  the  begin- 
ning of  the  longest  night,  the  sun  rises  and  sets  daily. 

Examples. — 1.  Whale  Island,  discovered  by  Mackenzie,  lies 
in  latitude  69^  14'  north :  required  the  time  when  the  son  first 
mppears  above  the  horizon,  and  when  it  disappears ;  also  the 
length  of  the  longest  day  and  night  there.  Answ.  90^  (K  — 
W  W  north  =  20*  46^  co-latitode. 


The  two  days  when  the  son's  dtolioatton  is  9(f  46"  •oiith«(of 
a  contrary  name  to  the  latitade,)  are  January  17th  and  Novell 
her  25th ;  on  the  former  the  sun  first  appears  above  tlw  hori- 
zon, on  the  latter  it  disappears.  The  two  dayt  in  wludh  the 
sun's  declination  is  20'  46^  north,  (of  the  same  name  with  lit 
latitude,)  are  May  24th  and  July  20th ;  the  former  is  the  bcgife» 
ning,  and  the  latter  the  ending,  of  the  longest  day.  Henco,  aft 
Whale  Island,  the  sun  first  appears  January  17th,  and  ikm 
and  sets  daily  till  May  24th,  a  space  of  127  days :  it  eoottasi 
above  the  horizon  from  May  24th  to  July  20th  ;  therefore  thi 
longest  day  there  is  equal  to  fifty-seven  natural  days.  Vnm 
July  20th  it  rises  and  sets  daily  till  November  25Ub,  127  d^i^ 
and  never  rises  again  till  January  17th ;  its  longest  n%lrt  is 
therefore  equal  to  fifty-three  days. 

2.  When  does  the  sun  begin  to  appear  above  tbe  horimil 
North  Cape,  in  Lapland,  latitude  72f  north  ;  when  does  ft  dis- 
appear 7  and  how  many  days  are  the  inhabitants  withovt  mim 
the  sun?  Answ.  The  sun  appears  January  20,  and  rises  iH 
sets  daily  till  May  15;  after  which  time  it  continues  above  Ihi 
horizon  till  July  29 ;  then  it  rises  and  sets  daily  till  Noveahsr 
16,  when  it  entirely  disappears  till  January  26;  tbe  lei^lhif 
the  longest  night  is  therefore  eqoal  to  seventy-ooe  days. 

Problem  13 — To  find  in  what  latitude,  in  the  nortkfngid  tam^ 
the  sun  begins  to  shine,  without  setting,  on  any  given  dmy, — Rols. 
Find  the  sun's  declination  on  the  given  day,  sabiract  it  iiisi 
90*,  and  the  remainder  will  be  the  latitade  reqaired.  Tls 
given  day  mast  be  between  March  21st  and  June  2lsL  In  tfcs 
same  manner  it  may  be  found  in  what  latitade,  in  the  sooth 
frigid  zone,  the  sun  begins  to  shine,  without  setting,  em  WM§ 
given  day  between  September  23d  and  December  21st* 

Examples.— 1.  In  what  latitude  does  the  sun  begin  to  Mft, 
without  setting,  on  April  28d?    An$w.  77*  31'  north. 

2.  In  what  latitude  does  the  sun  begin  to  shines  wittoil 
setting.  May  15th  ?    Answ,  71*  V  north. 

PrMem  14. — Having  the  length  of  the  longest  dmw  in 
to  find  the  latitude  of  that  place, — Rule.  Bring  the  nrst  of ' 
to  the  meridian,  and  set  the  index  to  twelve.  Then  lonfte 
globe  westward  till  the  index  point  to  the  boor  of  seiliag; 
which  is  equal  to  half  the  length  of  the  day.  Raise  or  dcpisM 
the  pole,  till  the  sun's  place  is  exactly  in  the  western  hoiuHi} 
then  will  the  elevation  of  the  pole  be  equal  to  the  latitirfsif 
tbe  place. 

9y  this  problem  it  may  be  found  in  what  latitode  nay  d^ 
is  of  a  given  length,  by  bringing  the  son^s  plaoe  for  tbe  givsa 
day  to  the  meridian,  and  proceeding  as  above. 

Examples. — 1.  In  what  latitude  is  June  21  st,  sixteea  hoiit 
long?    Answ.  Latitude 49°  north. 

2.  In  what  latitude  is  June  21st,  eighteen  hoars  long!  Atm. 
latitude  58|°  north. 

3.  In  what  latitude  is  December  1st,  fourteen  hours  kag! 
Answ.  latitude  32^46' south. 

Problem  15,-^ A  place  hen^  given  in  the  torrid  zone,  tofimitmt 
days  of  the  year,  when  the  tun  is  vertical  to  that  plmee. — ^Rak. 
Bring  the  given  place  to  the  meridian,  find  its  latitade,  vlidi 
mark ;  turn  the  globe  round,  and  observe  the  two  points  of  Al 
ecliptic  that  pass  under  this  mark.  Look  upon  the  caleadv  te 
the  days  corresponding  to  these  points,  and  these  days  iriB  h$ 
the  answer  required. 

Otherwise,  by  the  analemma  drawn  upon  the  glolie,  lad  fte 
latitude  of  the  given  place,  and  bring  the  anaJenma  to  tht 
meridian.  Then  directly  below  this  latitade  will  be  fondyfi 
the  analemma,  the  two  days  required. 

Examples.— On  what  days  is  the  son  vertical  to  tlM  Mtv* 
ing  places  ? 

1.  Otaheite? Answ.  Jan.  30i  and  Nof.H 

,  2.  Rio  Janeiro  ? Jan.  2,  and  Dec.  9. 

Obs  Tbe  first  of  the  above  examples  may  be  peiforwl 
without  the  globe. 

The  latitude  of  Otaheite  is  abont  17|  sooth,  in  WMti^ 
Ephemeris.  or  in  the  table  of  the  son's  deoUnatioa,  p.  901,  f* 
those  two  days  on  which  the  son's  declination  Is  17)  sooth.**' 
they  will  be  found  to  be  about  Janoanr  80,  and  NoveoriMr  H. 

This  example  is  proved  thus :  From  Nor^nber  lllh  H 
December  21st,  there  are  forty  days ;  and  ftom  Deoembar  3M 
to  January  30th,  are  forty  days :  henoe  the  nooiber  of  days  hm 
the  time  when  the  sun  is  vertical,  to  the  nearest  soHlloe»li 
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•aoftl  to  tbe  oomber  of  days  from  thmt  solitice  to  the  time 
vlieo  the  sdo  ii  affain  vertkaJ. 

Pr^Um  l6.^To  fimd  mil  ike$§  pUeet  in  ike  torrid  sane  to 
wkkk  the  nm,  i$  etritcml  wa  •  piven  ilay.— Rale.  Find  the  ittn's 
place  for  the  giteo  day,  brio((  it  to  the  meridian,  maric  the 
deetinatioii,  aod  tarn  the  globe  round,  when  ail  those  places 
which  pass  under  that  mark  of  the  meridian,  will  have  the  son 
^ertkal  on  the  %iven  day.  By  the  analemma,  bring  the  day  of 
tht  month,  marked  upon  the  analemma,  to  the  braxen  meri- 
tttan,  and  mark  the  declination ;  then  the  places  will  be  found 
•s  aboTC. 

Eaamples. — ^To  what  places  is  the  son  vertical  on  Novembrr 
10th?— ^fi#r.  To  Otahcitc,  the  Great  Cyelades,  and  New 
IMmdcs,  in  the  South  Sea;  Cape  Grafton,  in  New  South 
Walea;  the  Island  of  Madagascar;  Monomotapa  and  Mata- 
Man,  m  Africa ;  Panta  Gorda,  in  Braiil ;  and  the  southern 
partf  of  Amasonia  and  Peru,  in  South  America. 

^  To  what  places  is  the  sun  vertical  on  February  2d.  Answ. 
To  the  tame  as  in  the  last  example. 

PfohUm  17. — The  ilny,  komr,  mnd  pUee^  hting  ffiren,  to  find  at 
whmt  pintoi  oftko  emrtk  the  nm  is  then  ritimg  and  setting^  where 
ii  is  iwon  end  MMAiijrAl.— Rule.  Find  the  place  to  which  the  sun 
is  vertical  at  the  given  hour,  bring  the  same  to  the  meridian, 
mud  idjut  the  globe  to  a  latitude  equal  to  the  sun's  dccli na- 
tion. Then  to  ml  places  under  the  western  side  of  the  horizon  the 
son  is  riiow ;  to  those  above  the  eaetem  horison  the  son  is  set- 
ting ;  to  allthose  under  the  upper  half  of  the  braarn  meridian,  it 
is  noon ;  and  to  all  those  under  the  lower  half,  it  is  midnight, 

Eaampies. — 1.  When  it  is  fifty-two  minutes  past  four  o'clock 
in  the  morning  at  London,  on  the  fifth  of  March,  find  all  places 
of  the  earth  where  the  sun  is  rising,  setting,  &c.  &c.  Anew, 
The  sun's  declination  will  be  found  to  be  6|^  south ;  therefore, 
elevate  the  south  pole  6i^  above  the  horison.  The  given  time 
being  seven  hours  eight  minutes  before  noon,  (r:12  h.— •4h.  5i2m.) 
the  globe  must  be  turned  towards  the  weet  till  the  index  has 
passed  over  seven  hours  eight  mioDtes.  Let  the  globe  be  fixed 
M  this  position ;  then, 

The  sun  is  rising  at  the  western  part  of  the  White  Sea, 
PeteralMirg,  the  Murea  in  Turkey,  &e. 

Settinjf  at  the  eastern  coast  of  Kamschatka,  Jesus  Island, 
Palmerston  Island,  &c.  between  the  Friendly  and  Society 
lalMMto. 

Aoen  at  the  lake  Baikal  in  Irkoutsk,  Cochin  China,  Cambodia, 
Snnda  Islands,  Ice. 

Veriieml  at  BaUvia. 

Aioming  twilight  at  Sweden,  part  of  Germany,  the  sootheni 
part  of  Italy,  Sicily,  the  western  coast  of  Africa  along  the 
Ethiopian  Ocean,  &c. 

Evening  twilight  at  the  nortii*west  extremity  of  North  Ame- 
rien,  the  Sandwich  Islands,  Society  Islands,  8w. 

Midnifht  at  Labrador,  New  York,  western  parts  of  St  Domin- 
go, Chill,  and  the  western  coast  of  South  America. 

H^  at  the  eastern  part  of  Russia  in  Europe,  Turkey, 
Bcypt,  the  Cape  of  Good  Hope,  and  all  the  eastern  part  of 
Alrieo,  almost  the  whole  of  Asia,  Ice. 

Kigin  at  the  whole  of  North  and  South  America,  the  western 
part  of  Africa,  the  British  Isles,  France,  Spain.  Portugal,  Ice. 

S.  When  it  is  four  o'clock  in  the  afternoon  at  London  on  the 
96tli  of  April,  where  is  the  sun  rising,  setting.  Ice.  Ice.  ?  Anew, 
TIm  iiHi's  declination  being  I9P  north,  the  north  pole  must  be 
ajntnlod  13P  above  the  hormn ;  and  as  the  given  time  is  four 
o'clock  in  the  afternoon,  the  globe  most  be  turned  four  hours 
Is  the  east ;  when  the  sun  will  be  risina  at  Owhyhee,  Ice. 
•t  the  Cape  of  Good  Hope,  Ice. ;  it  will  be  noon  at  Boe- 
Bon  Ayres,  Ice. ;  the  sun  will  tie  vertical  at  Barbadoet,  and 
isiiowing  the  problem,  all  the  other  places  are  readily  foond. 

Problem  1 8.— 7  o  shew,  hg  the  globe,  the  cause  of  dag  and  night, — 
M  shines  upon  the  earth,  and  illuminates  that  half  only 
is  turned  towards  him ;  and  the  othf  r  half  is  in  darkness. 

Bat,  as  tlie  earth  turns  round  on  its  axis,  from  west  to  east, 
in  twenty -four  hours,  every  meridian  upon  the  earth  will, 
ia  ibat  time,  surcessively  be  presented  to  the  sun,  and  ho 
4ep»ired  of  iu  livht  again. 

drvaia  the  gluhe  for  the  sun's  declination,  so  that  the  sun 
any  bo  m  the  sr nith,  and  the  horison  will  be  the  terminator, 
or  booodofy  drde,  of  light  and  dnrkoesa ;  that  half  of  the  onrth 
42. 


above  the  horison  enjoys  light,  that  half  below  the  horiion  will 
be  in  darkness. 

Put  a  patch  upon  a  globe  to  represent  any  place,  turn  the 
globe  round  from  west  to  east,  and  when  the 'place  comrs  tu 
the  western  side  of  the  horison,  the  sun  appears  to  the  in- 
habitanu  of  that  place  to  be  rising  in  the  east;  but  it  is 
more  properly  the  inhabitants  of  that  place  rising  in  the  viest. 
Go  on  to  turn  the  globe  round,  ancl  the  place  will  ascend 
higher  towards  the  meridian  in  a  contrary  direction. 

When  the  place  has  arrived  at  the  meridian  it  will  then 
be  noon  there,  and  the  son  will  be  at  his  greatest  altitude  for 
that  day. 

Continue  to  turn  the  globe,  and  the  place  will  gradually 
recede  from  the  meridian,  and  decline  towards  the  eastern 
horison,  which  will  cause  the  appearance  of  the  sun  descending 
towards  the  west  When  the  place  has  arrived  at  the  eastern 
horison,  as  it  is  then  going  below  the  boundary  of  light  and  dark- 
ness, the  sun  will  appear  to  be  setting  in  the  west. 

The  place  being  now  at  a  greater  di.^tanee  than  OD^  from 
that  point  where  the  sun  is  vertical,  is  deprived  of  his  lisht, 
and  continues  in  darkness  till  by  the  revolution  of  the  earth 
it  arrives  again  at  the  western  horison,  when  the  sun  will 
appear  to  rise  as  before. 

The  sun  is  obviously  rising  at  the  same  time  to  all  places  on 
the  western  side  of  the  horison,  and  setting  at  the  same  time 
to  all  places  on  the  eastern  side  of  the  horison. 

Problem  10. — To  shew^  bg  the  globe ^  the  cause  of  the  rarieig  nf 
the  ieasons. — When  the  sun  is  in  the  equator,  the  horison  will 
represent  the  terminator,  or  boundary  circle  of  lifrht  and  dark* 
ness  ;  and  the  poles  being  made  to  coincide  with  it,  we  shall 
have  a  fair  representation  of  the  two  seasons,  spring  and 
autumn;  for  its  rays  then  extending  SM)^  every  way  from  the 
vertical  point,  both  poles  will  be  illuminated. 

W^hen  the  sun  is  in  the  tropic  of  Cancer,  being  2S|®  farther 
to* the  north  than  before,  his  rays  will  extend  7S\^  beyond  the 
north  pole  on  the  opposite  meridian :  they  will  not,  however, 
reach  the  south  pole  by  tKH^,  they  will  extend  to  the  antarctic 
only,  being  9U^  distant  from  the  tropio  of  Caneer :  hence,  to 
malLc  the  horison  the  terminator  in  this  case,  the  north  pole 
must  be  elevated  23|°  above  the  horison,  and  we  shall  have  the 
summer  season  to  Europeans. 

When  the  sun  is  in  the  tropic  of  Capricorn,  the  reverse  of 
this  takes  place ;  for  the  son's  rays  then  extend  23|®  beyood 
the  south  pole  on  the  opposite  meridian,  and  only  as  far  north 
as  the  arctic  circle:  hence,  to  make  the  horison  the  termina- 
tor in  this  case,  the  south  pole  must  be  elevated  !I3|^  above  the 
horison,  and  we  shall  have  tiie  winter  season  to  Ruropeans. 

The  problems  thus  gifcn  are  only  to  l»e  considered  as  sped* 
mens  of  what  may  be  performed.  On  the  terrestrial  globe 
Butler  describes  fifty-seven,  while  on  the  celestial  sphere  the 
number  and  variety  are  still  much  greater.  Comldned  together, 
they  furnish  a  source  of  tnstructive  amusement,  which  but  few 
instruments  within  the  compass  of  human  invention  can  sur- 
pass. The  exercise  is  calculated  to  enlarge  the  mind,  and 
awaken  it  to  scrioos  and  rational  rontemplations ;  and  in  the 
present  day,  to  be  wholly  ignorant  of  their  use,  is  a  sure  symp- 
tom of  a  defcM'tive  education. 

Tbo  first  person  who  eonstrunted  a  globe  or  sphere,  is  said 
to  have  been  Anaximander,  a  philosopher  of  Miletus,  the  capi- 
tal of  Ionia,  in  Asia  .Minor.  He  was  bom  610  years  before 
Christ,  and  is  reputed  to  have  been  the  inventor  of  maps  and 
dials.  Since  bis  days,  many  improvements  have  been  made 
in  their  construction  and  appendages,  and  maeh  room  still 
remains  for  the  exercise  of  ingenuity. 

Among  the  remarkable  globes  which  have  appeared,  that  of 
Gottorp  in  the  academy  of  sciences  of  Petersburgh  is  worthy 
of  notice.  This  is  a  large  concave  sphere  eleven  feet  in  diame- 
ter, containing  a  table,  and  scats  for  twelve  persons,  to  whom 
the  inside  surface  represents  the  visible  phenomena  of  the  hea- 
vens. The  stars  are  distinguished  by  gilded  nails,  according 
to  their  respective  magnitudes,  and  arranged  in  groups  as  the 
different  constellations  require.  The  outside  is  a  terrestrial 
globe,  representing  the  land  and  water  on  the  surface  of  the 
earth.  It  is  called  the  Globe  of  Gottorp,  from  being  snbstitutrd 
for  one  origimlly  made  in  that  place,  whieh,  with  inconceiv- 
able labour,  was  conducted  upoo  rollers  and  sledges  over  snow 
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and  through  forests  to  Rifi^,  and  thence  by  sea  to  Petersbnrgh. 
In  1751,  it  was  consamed  by  fire,  and  from  its  iron  plates  and 
luaterials,  the  present  ^lobe  was  made. 

In  the  lower  room  of  the  king^'s  library  at  Paris,  there  are 
two  globes  nearly  equal  in  dimensions  to  that  at  Petersburgh, 
but  much  inferior  in  utility,  the  globe  of  Gottorp  combining 
in  one,  all  that  is  exhibited  by  both  the  others. 

But  large  as  these  globes  are,  they  become  diminntive  when 
compared  with  the  sphere  constructed  by  the  late  Dr.  Long. 
This,  he  tells  us,  is  eighteen  feet  in  diameter;  and  it  will  enable 
thirty  persons  to  sit  within  its  concavity,  without  any  incon- 
venience. The  entrance  is  over  the  south  pole  by  six  steps. 
This  wonderful  machine  stands  in  Pembroke  Hall,  in  the 
university  of  Cambridge.  All  the  constellations  and  stars  of 
the  northern  hemisphere,  visible  at  Cambridge,  are  painted 
upon  plates  of  iron,  which,  joined  together,  form  one  concave 
surface.  Unhappily,  it  is  now  very  much  damaged.  Part  of 
the  sheathing  is  destroyed,  and  the  remainder  is  covered  with 
rust  and  verdigrise.  This  neglected  state  of  an  ingenious  and 
useful  piece  of  workmanship,  reflects  considerable  disgrace 
upon  those  whose  duty  it  is  to  keep  it  in  repair.  But  the  dis- 
grace must  be  heightened  into  ignominy,  if  the  report  be  true, 
that  the  interest  of  £200,  Bank  annuities,  was  bequeathed  by 
Dr.  Long,  to  keep  the  instrument  and  place  in  good  order. 
This  truly  scienti6c  gentleman  was  a  native  of  Norfdik,  and 
died  in  1770,  aged  ninety-one. 

The  Celestial  Globe.  See  Plate, — Definitions:  Obs.  The 
general  definitions  given  of  the  terrestrial  globe  apply  also  to 
the  celestial,  the  various  circles  of  which  are  more  aptly  illus- 
trated by  the — 

Armillary  Spbrre,*  (see  the  Plate,)  is* well  adapted  to  give 
youth  just  notions  of  those  imaginary  circles  which  astronomers 
have  applied  to  what  is  vulgarly  called  the  concave  sphere  of 
the  heavens ;  but  by  means  of  those  circles,  we  investigate,  with 
the  nicest  accuracy,  the  motions  of  the  celestial  bodies,  and 
thas  the  communication  of  a  sublime  science  is  facilitated. 

There  are  six  great  circles  of  the  sphere,  which  require  par- 
ticular attention;  but  which  the  reader  is  now  acquainted 
with :  they  are,  the  horizon,  the  meridian,  the  equator,  the 
ecliptic,  the  ecjuinoctial  colore,  and  the  solstitial  colore. 

The  sphere  is  contained  in  a  frame,  on  the  top  of  which  is  a 
broad  circle,  representing  the  meridian. 

It  is  suspended  on  two  pins,  at  opposite  points  of  the  meri- 
dian. These  pins  are  a  continuation  of  the  axis  of  the  sphere 
both  ways,  and  as  the  sphere  turns  round  npon  them,  they  are 
oonsidered  as  poles,  north  and  south. 

The  equator  goes  round  the  sphere  exactly  in  the  middle 
between  the  two  poles. 

The  ecliptic,  the  eolures,  the  tropics,  and  polar  circles,  have 
been  already  defined,  and  are  easily  discovered. 
^  The  horizon  is  graduated  according  to  the  division  of  the 
circle  into  quadrants  and  degrees ;  and  to  refer  celestial  ob- 
jects to  the  horizon,  we  have  also  the  points  of  the  compass 
laid  down.  Hence  the  amplitude,  or  distance,  of  heavenly 
bodies,  from  the  east  and  west  points,  and  their  azimuth,  or 
distance  from  the  meridian,  are  reckoned  on  the  horizon  of  the 
armillary  sphere. 

The  graduation  of  the  equator  enables  us  to  fix  the  right 
ascension  of  celestial,  and  the  longitude  of  terrestrial,  objects. 

The  graduation  of  the  ecliptic  serves  to  indicate,  in  the 
armillary  sphere,  the  latitude  and  longitude  of  celestial  bodies. 

Thecolnres  are,  in  a  manner,  the  limits  of  the  year,  pointing 
out  the  seasons  by  their  two  opposite  points  of  the  ecliptic. 

The  hour  circle  tells  us  in  what  time  any  motion  of  the  earth, 
in  the  centre,  is  performed. 

In  fine,  many  details  of  the  science  may  be  pleasingly  and 
popularly  illustrated  by  this  contrivance. 

The  Appearances  of  the  Stars  in  the  Heavens  illustrated  hf  the 

Armillary  Sphere, — By  placing  a  small  patch  of  paper  on  the 

diflferent  circles  to  represent  stars,  we  perceive,  that  those 

which  are  furthest  from  the  poles  will  describe  the  greatest 

ircles ;  and  that  the  greatest  circles  are  described  by  those 

*  So  CHlled  beoaoie  it  eouists  of  «  onraber  of  rings  of  brttf,  which  tbo 
old  Romans  named  armiUm,  froai  Uieir  re^embltaot,  periui|>t,  to  bracelet!, 
or  ringa  for  ibe  arma. 


stars  situated  in  the  celestial  equator,  A  star  has  acquired  its 
greatest  elevation  when  It  comes  to  the  upper  semicircle  of  the 
meridian,  and  itb  gpreatest  depression  when  it  is  at  the  kmer 
circle  of  the  meridian :  the  meridian  bisects  its  arc  of  appan- 
tion.  Some  circles  of  revolution  are  wholly  above,  otbos 
entirely  below,  the  horizon ;  therefore  the  patches  oo  tliose  cir- 
cles shew  us  which  stars  descend  below,  or  wbich  never  asoead 
above,  the  horizon.  And  any  object,  whose  circle  of  revela- 
tion is  on  the  same  side  of  the  equator  with  the  elevated  pole, 
is  longer  visible  than  it  is  invisible ;  the  contrary  holds  true  if 
it  be  on  the  other  side  of  the  equator. 

The  following  definitions  are  more  immediatelj  applicahle 
to  the  celestial  globe. 

The  declination  of  the  sun,  of  a  star,  or  planet,  is  its  distaaee 
from  the  equinoctial,  northwmrd  or  southward.  When  the  soi 
is  in  the  equinoctial  he  has  no  declination,  and  enlightens. half 
the  globe  from  pole  to  pole.  As  he  increases  in  north  deoiiaa> 
tion  he  gradually  shines  farther  over  the  norUi  pole,  and  leaves 
the  south  pole  in  darkness :  in  a  similar  manner,  when  be  hu 
south  declination,  he  shines  over  the  south  pole,  and  leaves  the 
north  pole  in  darkness.  The  greatest  declination  the  svn  eta 
have  is  2^  2Sf ;  the  greatest  declination  a  star  can  have  is  9(P, 
and  that  of  a  planet  30^  28'  north  or  south. 

The  latitude  of  a  star,  or  planet,  is  its  distance  from  the 
ecliptic,  north  or  south,  reckoned  towards  the  pole  (Mflbt  eclip- 
tic, on  the  quadrant  of  altitude.  Some  stars  situate  In  aad 
about  the  pole  have  9QP  of  latitude  ;  the  planets  have  onLgfiP, 
and  the  sun  being  always  in  the  ecliptic  has  no  latitude.  ^ 

The  longitude  of  a  star,  or  planet,  is  reckoned  by  the  degieet 
of  the  ecliptic,  from  the  point  Aries  round  the  globe.  On  the 
celestial  globe  the  longitude  of  the  sun  corresponds  with  the 
sun's  place  on  the  terrestrial  globe. 

The  right  ascension  of  the  sun,  or  a  star,  is  that  degree  of 
the  equinoctial  which  rises  with  the  sun,  or  a  star,  in  a  rigkt 
sphere,  and  is  reckoned  from  the  equinoctial  point  Aries  east- 
ward round  the  globe. 

Oblique  ascension  of  the  sun,  or  a  star,  is  that  degree  of  Ihe 
equinoctial  which  rises  with  the  son,  or  a  star,  in  an  obfiqae 
sphere,  and  is  likewise  counted  from  the  point  Aries  eastward 
round  the  globe. 

Oblique  descension  of  the  sun,  or  a  star,  is  that  deg:ree  of  the 
equinoctial  which  sets  with  the  sun,  or  a  star,  in  an  obliqae  spbeit. 

The  ascensional  or  descensional  difference,  is  the  diffcienee 
between  the  right  and  oblique  ascension,  or  the  differeaee 
between  the  right  and  oblique  descension :  and,  with  respect  lo 
the  sun,  it  is  the  time  he  rises  before  six  in  the  spring  aad  son- 
mer,  or  sets  before  six  in  the  aotonm  and  winter. 

The  angle  of  position  of  a  star  is  an  angle  formed  by  tvs 
great  circles  intersecting  each  other  in  the  place  of  the  star,  the 
one  passing  through  the  pole  of  the  equinoctial,  the  otkcr 
through  the  pole  of  the  ecliptic. 

The  poetical  rising  and  setting  of  the  stars,  is  so  called  be- 
cause the  ancient  poets  referred  the  rising  and  setting  of  tile 
stars  to  the  sun. 

When  a  star  rose  with  the  sun,  or  set  when  the  son  rase,  H 
was  said  to  rise  and  set  cosmicailg.  When  a  star  rose  atssa- 
setting,  or  set  with  the  sun,  it  was  said  to^  rise  and  set  mihrvsi 
cally.  When  a  star  first  became  visible  in  the  moniiq^,  ailer 
having  been  so  near  the  sun  as  to  be  hid  by  the  aplendov  ef 
his  rays,  it  was  said  to  rise  heliacalhf ;  and  when  a  star  fifit 
became  invisible  in  the  evening,  on  account  of  its  neancssts 
the  sun,  it  was  said  to  set  luliacally, 

A  Constellation  is  an  assemblage  of  stars  on  the  satftoe  ef 
the  celestial  globe,  circumscribed  by  the  outlines  of  soae 
assumed  figure,  as  nhull,  Vihear,  9ihon,  &c.  TbisdivisiODofthe 
stars  into  constellations  direct  us  to  any  part  of  the  heaveai 
where  a  particular  star  is  situated. 

The  zodiacal  constellations  are  12  in  number;  theaenAfra 
constellations  41,  and  the  southern  46,  making  in  the  whole  Ml 
The  largest  stars  are  called  stars  of  the  first  magnitade«  Those 
of  the  sixth  magnitude  are  the  smallest  that  can  he  seen  by  the 
naked  eye.  The  figures  on  the  left  band  of  the  annexed  tables 
shew  the  number  of  stars  in  each  constellation ;  R  dowtce 
right  ascension,  D  declination  of  the  middleof  the  several  ~ 
stellations,  for  the  ready  finding  them  on  the  globe.  The 
constellations  are  distinguished  fmat  the  andent  hj  a  star. 
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1.  ThsSio 
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Ariel,  tkt  Ram.  Arielit  S 

Tutua,  thtBult,  Aldebuu  1.  ibei 

Pleuulei,  tbe  Hjadci t 

GemiDi,  'Ac  Twiiu,  Cutor  1,  PoUnx  3 

CttoceT,  tA«  Croi,  Aeabcne  4 

Leo.ftc  Lion,  Regului,  or  Cor  Leonii  > 

1,  Deooba S 

Vimo,  tit  Virgm,  Spica  Tirgiai*  I, ) 

Vindemiatni  2 i 

Libra,  lAc  BdUnci.  Zubenich  Meli  3  . 

Scorpio,  iht  &«nioii,  AnUre*  I 

t  iSkcitt&riui,  tA(  Arcker^. 

4  I  Capri  coma  I,  the  Goat 

jKlAqgariai.  tht  WaUr-Uarir,  Scbeatft 
Piiccf,  tkt  Fukei 

II.   TUF.  NORTHENM   CONSTELLATIONI. 

I  Andromeda,  Mirae  '1,  Almaacb  3  . . . . 
Aqoila.  lAf  £aj/«,«itb  Anliobna,  Al-  ) 

tairl i 

tan  Venatici,    or  Aiierioa    and  1 

Charm*,  lAc  Grtghorndt i 

Aorisa.  tkt  Ckariolttr,  or  Waggoner,  ) 

Capellal * 

Bootci,  Arclmoa,  Mirao3 

Camdopaidatus*,  tkt  CamtlUepard. . . . 
Caput  Modo5ai,  tkt  Htmdnf  Sitdiau,  i 

and   Persen.i   t 

CiiMiopeia.  Schedar  3 

CepbeitJ.  Alderamin  a 

Cerberni*,  tkt  Tkrt*  •  ktadtd  Dog,  i 

and  n«reulei S 

Coma  BcTcnids,  Bertnict'i  Hair    

Cor  Caroli*.  Cbarlo's  Heart 

Corona  BorealiiilAcAorlJUrMCVmra,  1 

Alpbacoa  3 t 

Cff nni,  iht  Smin,  Deaeb  Adige  1  . . . 

Dclphiotii,  ikr  Dolpkin  , 

Draco,  tkr  Dragon,  Raatabeo  3 

Equiiloa,  (<U  LitlU  Hortt 

Frederick's  Elite.  FrtiUrick'i  Glorg  . 
Hetcuki  {lit  Ctrhrnu)  Ra*  Al^ethi  I 

Lacerto,  tht  Liiard 

Le  Messier* 

Leo  Minor*,  iA#i.((tJr2,tMt , 

Ljax*,  iki  Lyni 

Lira,  tkt  Harp.  VtgK  or  We(ca  1  . . . , 
Mona  MaDitnn,  ikt  Mountain  Mtnalni 

MuRca*.  tkt  FIv 

Pr^asBf ,  tkt  flfm$  Horit.  Harkab  ) 

a.  Seheata \ 

Pcraeo*  (tre  Cap.  Mrd.)  Algenib  3. 1 

AljcoU } 

Sagitla.  tkt  Arraa- 

Sculam  Sobieibi*.  Sobiiikxt  SkuU  . 

1  Serp«n>,  Ike  Strpni 

2  Sentcntarioj  tefOphiuchni,  tbe  Srr-  i 

fnit-iMrtr,  Ras  A1phai:u>3 < 

3  Taan»    Pnniatowski*,   tkt   ffull  a/} 

Pamatomtki 

4  Tanrai  Rrjrall**.  tkr  Raaal  Bull. . 
i  TrlattcnlniQ.  ikt  Tnangft 

5  Trianfulom  Minu*.  tkt  J.itlle  Trianalt 
~  Tuhna  Ucricbelii  Major,  Hiritktft  I 

Grtal  TtUtcapi j 

B  Una  Major,  tkt  Gmt  Btar.  Ihibbe  1 . 1 

Aliolb  -J.  Bcnrtnirh  1 ) 

V  Ur«a  Minor,  tkt  Litilt  Star.  PoUr  j 

~  >ror  Abrnkababa ) 
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III,  TKaSoUTSEHMCoNtTILLatlOK*. 

ApDS.  vel  Avis  lodica*,  Tkt  Bird  tf  \ 

Poradut ) 

It 

3 

4 

& 
6 

Ari:o  Nnrii.  ike  ihp  Arga,  Caaopo*  1 
BraodetibarKium     Sceptrum-,     tkt  ( 

Canis  Major,  tkt  Great  Uos,  Sirioi  1. . 
Cauis  Minor,  tkt  Link  Dog,  Procjon  1 

84 
3 
13 

14 

10 
11 
12 
13 

14 

Circinus*,  tki  Compaiin 

Colomba  Noachi*.  ,V«t't  Dote 

Coruaa  Auslralis,  tki  Sonlktrji  Crown 

Corrus,  tke  Cr*w,  Aljcorab  3 

Cralor,  lit  C>^  or  GMtt,  AJkea  3  . . . . 

4 
10 
14 

9 
91 

Id 

17 

Dorado  or  Xipbias*.  ikt  Sward  FUk 

7 
8 

18 
IB 

Eriduiaf,  tkt  ifJTCT  Po,  Aeheraer  1  . . 

Fornax  Cbenioa*.  Ikt  Funme* 

84 
14 

33 
33 

Hidra.  tkt  Water  Serpent.  Cot  Hj- 1 

"drBl ( 

H  jdrui,  Ike  If-aler  Snake 

eo 
i< 

27 
38 
30 

Machioa  Pncamalica*,  tkt  Air  Pump 
Microscopinm*,  tke  Mttrtutopt 

3 
10 
31 

90 
31 

33 

Modi  Hcqsk*.  tke  TaUe  H«<mi«M  . . 
Musca  Australii.  vel  Apia,  tke  Sm-  ) 

tkemFlyorBee i 

Nonna.'<elQnadra  BntaiiB'^elifi  ( 

Sqvart ( 

30 

4 

13 

33 
34 

Octniis  [Jn<lleiaoDa*,  UadUe't  Orlmml 
Uinrina  Sculploria*.    tke   Smiplar'il 

Skcp \ 

Orion,  BelelKciu  1,  RiRcl  1,  B«Ua.) 

43 

la 

71 

» 

.T 

3tl 
30 

41 

Piscit  Kotna  >el  Auatralia.  tke  Sot-  ) 

Piacis  Votaoi*,  tkt  Flginp  Fiek 

Enffrater-eTecU J 

Pjiia  Naotica*.  ike  Marineri  Cornet 

34 
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43 

Reiicolna  Rlioinboldalia>.lb«  RjUilf  t 

10 
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47 

4S 
40 

«0 

yitfw  PnlifTf t 

Tooobao.  Ike  AmerU^  Com 

TaUoa  Hcracbelit  Minor-,  UtrekalTe  . 

UieTtUtope ) 

Triangulom  Analralia*,  (&•  SmUA  a  . . 
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Xa4t.  Hm  eoaitellationt  18,  31,  34,  37,  Id  the  Bortheni, 
and  46,  47,  63|  fiO,  and  64,  in  tbe  lonthera  bemlspberc,  are 
iniecttd  bMwue  foieiga  aitroDomera  bave  pven  them  a  place 
in  the  hMTeiu,  though,  oar  Britiah  ^obe  makert  have  not  jet 
angraTOD  them  on  tlteii  platen.  ITie;  are  t»be  found,  howam, 
in  the  maps  of  Dr.  Jamiesun't  CaUttial  Atlat. 

The  ancieota  divided  tbe  ttan  into  different  gronpt.  called 
emulelUtiotu,  and  gave  particolar  namei  to  eacb,  which  namei 
the  g;realcrpart  of  them  have  hitherto  retained.  The  PUiadtt 
and  Orion  are  mentioned  in  the  sacred  wcitia^  by  Joh,  and 
Jiumtr  and  H**iod  describe  several  consteUations  by  names 
whiob  are  now  in  geneial  use. 


A  kaowlcdKe  of  the  prinarpal  eOMtelMioni  ki  tb«  fcea«M>. 
will  be  an  nsefal  acqmailion  to  tbe  stadent,  aisd  Ihia  may  be 
obtained  by  notinff  Uta-  time  wbea  dw;  come  to  tba  ■!  iwliiB 
that  Is,  to  tbe  soutb. 

There  are  few  persons  who  are  nnacqaainted  with  the  aeiCD 
{tix  )  Han  called  the  fUiaiht,  or  the  beaatifiit  canilellation  of 
Orion.  The  Pleiades  come  to  the  meridian  of  London  abwil  ta 
bonr  before  AldebsraH,  and  Orion  eahiiiaalMBHhsarafterlhal 
star ;  and  since  the  diarnBl  differenee  of  tfrne  9t  m  sisf'a  cdal- 
natinKis  nearly  eqaal to  the  dinmal  diBerenoeofflwaaD'a  right 
ascension,  viz.  abonl  foar  ninntes ;  a  star  will  rite.  Maw  W  the 
meridian,  and  set,  aearly  four  minntea  earHer  every  day,  or 
aboBt  two  hours  in  a  Bwntb. 
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ProhUnu  performed  6y  (A*  Celettial  Gtole.— Problem  I.— To 
JInd  ike  right  atcnuion  and  declination  of  the  run,  or  a  ttar. — 
Rate.  BrioK  the  snn,  or  star,  to  tfaatpart  of  the  brass  meridian 
nnmbered  from  the  equinoctial  towards  the  poles,  and  the 
degree  on  the  brass  roendian  is  tbe  declination,  and  the  ri^ht 
ascension  will  be  indicated  by  tbe  degree  on  the  eqninootial, 
betwecB  the  brass  meridian  and  the  point  Aries.  Or  place 
both  tbe  poles  of  tbe  globe  on  the  horizon,  bring  the  snn  or  star 
to  the  eastern  part  of  the  horizon  ;  then  the  nomber  of  degrees 
which  the  sun  or  star  is  notlfaward  or  sontbward  of  the  east, 
wilt  ha  the  declination  nortb  or  south ;  and  the  degrees  on  the 
eqninoelial,  from  Aries  to  the  boriion,  will  be  tbe  right 
atoenaion. 

Examples.  1.  Required  the  right  ascension  and  deeliDntion 
otaDiMt.ia  the  back  of  the  Great  Bear. — Antwer.  Right 
ascension  iaz°  40',  declination  eiPifftf. 

Prohltm  3.—  To  find  the  latitude  and  longitude  of  a  Jtnr,— Role. 
Place  the  upper  end  of  the  qoadraat  of  altitnde  on  tbe  north  or 
south  pole  of  the  ecliptic,  according  as  tbe  star  is  on  the  north 
or  south  side  of  the  ecliptic,  and  moTe  the  other  end  till  tbe 
■tar  oomes  to  tbe  graduated  edge  of  the  quadrant ;  tbe  nomber 
of  degrees  bttween  tbe  ecliptic  and  the  star  Is  the  latitude ;  and 
the  nnoiber  ofdegrces  on  tbe  ecliptic,  reckoned  eastward  from 
the  point  Aries  to  the  quadrant,  is  die  longitude.  Or,  elcTate 
the  north  or  south  pole  6G1°  above  the  horiaon,  according  as 
the  given  star  is  on  the  nortb  or  Boatb  side  of  the  ecliptic ; 
bring  the  pole  of  tbe  ecliptic  to  that  part  of  the  brass  mendian 
nnmnered  fhtm  the  equinoctial  towards  tbe  pole  ;  the  ecliptic 
will  then  eoindde  with  the  horizon :  screw  the  quadrant  of 
altitnde  apoa  the  brats  meridfan  over  the  pole  of  the  ecliptic  ; 
keep  the  globe  from  revotviDg,  and  move  tbe  quadrant  till  its 
graduated  edge  comes  over  the  given  star;  the  degree  on   the 

Jnadnnt  cut  by  tbe  star  is  its   latitude ;  and  the  sign  and 
egree  on  tbe  ecliptle  cut  by  the  quadrant  shew  its  longilnde. 
Bsamples.    1.  Required  the    latitude   and  longitude  of  a 
AUtUran  in  Tannis  ^.—Anttc.    Latitude  &>  28'  8.  longitude  2 
signs  ff>  53* ;  or  e°  &3'  in  Gemini. 

Proilem  3.— The  riyA*  ateauion  and  deelinalion  of  a  ttar,  the 
<lanel,orofaeomet,beingffitttn,lojlndili  plaeeonthe 
'-' —  the  given  degree*  of  right  ucension  to  that  part 
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of  the  brass  meridian  nnmbcred  from  the  equinoctial  lowsidi 
the  poles  ;  then,  nnder  the  given  declination  on  the  brksa  meri- 
dian, you  will  find  the  star,  or  the  place  of  the  planet. 

Examples.  1.  What  star  has  2610  29'  of  right  asmrnim. 
and  52°  27*  north  declination!     Ama.  /3  in  Draco. 

2.  On  the  20th  of  August,  1605,  the  moon's  right  anenka 
was  91°  3",  and  her  declination  34°  48*  i  to  find  her  place  onik 
globe  at  that  time.  Aniic,  In  the  milky  way,  a  little  abafe 
the  left  foot  of  Castor. 

Problem  4. — Tie  latitude  and  lonailitde  of  lie  ntoo»,  mttv,tr 
a  planet  given,  to  find  ill  place  on  the  globe. — Place  the  divirim 
of  the  quadrant  of  altitnae  marked  O,  on  the  given  loogibideb 
the  ecliptic,  and  the  upper  end  on  the  pole  of  the  ecliutlei  ihea 
under  the  given  latitude,  on  the  gradnated  edge  of  tba^ia- 
drant,  jou  will  End  tbe  star,  or  place  of  the  moon,  or  plaiUL. 

Examples.  1.  Wbst  Blnr  has  0  signs  ff'  19  of  longitodc^nl 
1!^  ae  N.  latitude.    AmiB.    y  in  Pegasus. 

2.  On  tbe  fifth  of  June,  1830,  at  midnight,  the  moon's  loHi- 
tude  was  a*  15°  6',  and  her  latitude  1°  46'  N.  i  6ad  her  ^its 
on  the  globe. 

Problen  5. — To  find  the  riling,  ntting,  and  evIiaiMMimf  ^"9 
itar, — ill  continuance  above  the  /loriion, — ill  obliqut  autmim 
and  dtteena»n,.—and  ill  eaitem  and  veilem  ampluudt,far  aH 
given  dau  and  place. — Rectifj  the  globe,  and  bring  ilia  glvai 
star  to  the  eastern  part  of  the  horizon,  the  index  will  shew  6» 
hour  of  rising;  the  degree  of  tbe  eqninocliiil  that  rises  widittt 
■tar  is  its  obUqne  ascension ;  and  the  distance  of  the  star  btm 
the  east  point  of  tbe  boriEon  is  its  eastern  or  rising  ampHtad*. 

When  tbe  star  is  broaght  to  the  meridian,  tbe  index  wfl 
shew  the  time  of  culminating. 

Bring  the  star  to  the  westeni  i  '  ' 

setting,  oblique  descension,  anc 
fonnd  in  the  same  manner  as  its  rising,  eastern 
and  oblique  ascension. 

Thennmher  of  boors  from  rising  to  setting  will  be  the  tiaad 
its  continuance  above  the  horizon. 

Example!.  1.  On  the  ninth  of  Fehmatj,  wbco  it  is  warn 
o'clock  in  the  evening  at  London,  what  stars  an  riaug;,«M 
■tars  are  seltinc,  nod  what  stars  are  on  the  meiidiaB,-- jIb«. 
Alpha'cca,  in  tbe  northern  Crnwo,  is  rising ;  Ajctnm  ■i' 
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Miracli  ia  Baotet,  just  9how9  the  lioruKHi ;  Sirias  on  tka  meri- 
4Uuk ;  Proeyon  mod  Castor  and  Pollux,  a  little  east  of  the 
■lerMiaB.  The  coastellatioDs  Orion,  Taoms,  and  Aariya,  a 
little  west  of  the  meridian ;  Markab  in  Pegasos,  jost  below  the 
western  edge  of  the  horiaon,  ke. 

2.  On  the  20th  of  Janaarj,  at  two  o'  elock  in  the  morning,  at 
London,  what  stars  are  rising,  what  stars  are  setting,  and  what 
stars  are  on  the  meridian  ?  Aiuw,  Vega  in  Lyra,  the  head  of 
the  Serpent,  Spiea  Virginis,  Ice.  are  rising ;  the  head  of  the 
Great  Bear,  the  claws  of  Cancer,  Ice.  on  the  meridian ;  the 
Imd  of  Andromeda,  the  neck  of  Cetns,  and  the  body  of  Colam- 
ba  Noaehi,  Ice.  are  setting. 

3.  When  does  Sirias  rise  at  London,  on  March  14 ;  at  what 
tioM  comes  it  to  the  meridian,  and  set ;  how  long  docs  it  eon- 
tiane  above  the  horinon ;  what  are  its  obliqae  ascension  and 
descension,  and  its  eastern  and  western  amplitude  ? 

Antw,  Rises  at 2h  24m.  p.m. 

Calminates 6    57     p.m. 

Seta 11    90     p,m- 

AboTC  the  horison 9      6 

Obliqne  ascension I20P  4T 

Obliooe  descension  77    17 

Amplitade 27      OS. 

4.  Required  the  same  for  Fomalhaat,  at  the  Cape  of  Good 
Hope,  on  December  10th  ? 

ilfuv.  Rises lOh    Om.  e.fN. 

Culminates 6    30     p.m. 

Seta 1      0     a.  in. 

Above  the  horiaon 16      0 

Obliqne  ascension . . .  • 317*     O' 

Obliqne  descension 6      0 

Amplitude  38      OS. 

FrM^m  8. — To  reprtuni  the  f  met  oftk$  kiavensfor  any  §^ven 
dmy  mmd  kowr,  in  rnny  given  Imtiiide, — Adjust  the  globe  as  in  the 
ipreeeding  problems,  by  bringing  the  sun's  place  to  the  men- 
diaD,  patting  the  Index  to  12,  and  then  tnrninir  the  globe  to  the 

CvoB  boor ;  and  the  stars  in  the  heavens  will  appear  exactly 
Ike  same  sitoations  as  they  are  upon  the  globe. 
Bxamplea.  1.  Required  the  situation  of  the  stars  for  the 
lalitude  of  Newcastle,  on  October  6th,  at  eight  o'clock  in  the 
•vealn^.  In  this  survey  we  commence  at  the  north  point  of 
the  honaon,  and  proceed  eastward,  noticing  the  different  con- 
atellatioos,  and  the  relative  situation  of  the  stars  in  these 
eoaateDations. 

Tke  irst  star  which  strikes  the  eye  of  the  observer,  in  the 
aortii-east  part  of  the  heavens,  is  Capella,  in  the  constellation 
▲viga«  or  the  waggoner :  it  is  of  the  first  msgnitude,  of  the 
altitude  of  29^,  or  nearly  the  fourth  part  of  the  distance  from 
borison  to  the  aenith.  There  are  two  stars  of  the  second 
U  which  form  with  Capella  a  triangle :  the  star  which 
the  short  side  of  the  triangle  is  in  the  right  shoulder  of 
and  is  marked  fi ;  It  lies  at  the  distance  of  about  8^ 
Capella,  further  to  the  north ;  iU  altitude  is  18° ;  the  sUr 
ing  the  longer  side  of  the  triangle  is  in  the  Bull's  northern 
:  Its  distance  from  Capella  is  not  more  than  2SP ;  its 
aHHade  not  more  than  6^ ;  arimuth  N.  E.  There  are  three 
of  the  fourth  magnitude,  a  little  to  the  south  of  Capella, 
bear  the  name  of  the  Kids. 
If  ft  Use  be  drawn  through  the  two  stars  that  form  the  upper 
of  the  triangle,  and  continued  to  the  horison,  it  will  point 
Castor,  a,  in  Gemini,  jost  rising ;  aaimnth,  B.  N.  E. :  it  is 
the  first  and  seoond  magnitude.  The  other  stars  in 
aonetellatlon  have  not  yet  risen. 
▲  laa,  drawn  between  Castor  and  Capella,  and  continued 
MflMr  in  the  heavens,  will  point  out  Persons,  In  whieh  there 
mm  llvee  stars,  one  of  the  second  magnitude,  a,  named  Algenib, 
Mitwo  of  the  third  magnitude,  one  on  each  side  of  Algenib, 
M  tfto  distance  of  about  6P ;  they  form  a  line,  a  little  curved 
••  Ibo  aide  next  Auriga.  The  altitude  of  Algenib  is  37^ ;  asi^ 
■Mill.  N.  B.  by  B. 

A  little  to  the  aouth  of  Perseus  is  the  head  of  Mednsa,which 

b  holding  in  his  hand.    Besides  two  or  three  smaller 

it  oontains  one  of  the  second,  and  one  of  the  third  mag- 

:  the   naaM  of  the  brightest  is  Algol;   altitude  33^; 

B.N.  B.    Algol  UoalylOP  distant  from  AlgMdb. 

Iba  band  of  Modms  aboct  Id^abofa  Iba 


horison,  are  the  Pleiades,  or  Seven  Stars ;  tbev  are  situated  in 
the  shoulder  of  Taurus,  and  are  so  easily  known,  that  no 
description  is  necessary.  Aldebaran,  a  star  of  the  irst  magai* 
tade,  which  forms  the  eye  of  Taurus,  is  just  rising ;  aaimatb, 
B.  N.  B.  A  vertical  drole,  drawn  through  Algol,  will  point  to 
it  There  are  two  stars  of  the  third  magnitude,  and  several 
smaller,  very  near  Aldebaran,  whieh  form  inth  it  a  triangle. 
The  whole  cluster  is  called  the  Hyades. 

A  line  drawn  from  Aldebaran  through  Algol,  and  eontinned 
to  the  aenith,  will  direct  to  Cassiopeia.  This  oontains  five  stars 
of  the  third  magnitude,  besides  several  of  the  fourth:  it  is  in 
form  something  like  the  letter  Y,  or,  as  some  think,  an  inverted 
chair.  It  is  situated  above  Perseus,  within  300  of  the  aenith. 
The  altitude  of  the  brightest  star  a,  called  Schedar,  is  OOP ; 
aaimuth,  E.  N.  B. 

Below  Cassiopeia,  and  west  of  Perseus,  is  Andromeda,  which 
contains  three  stars  of  the  second  magnitude.  A  line  from 
Algenib,  parallel  to  the  horiaon,  towards  the  south,  will  pass 
very  near  these  three  stars ;  and  as  they  are  all  of  the  same 
magnitude,  and  placed  nearly  at  the  same  distance  of  15^  from 
each  other,  they  may  easily  be  known.  The  name  of  the  star 
nearest  Perseus,  and  which  is  in  the  foot  of  Andromeda,  mark- 
ed y,  is  Almaack  :  iU  altitude  is  48^ ;  uimuth,  B.  N.  B.  The 
name  of  /3,  in  the  girdle,  is  Mirach  ;  its  altitude  44^;  aaimnth, 
E.  The  altitude  of  a,  in  the  head  of  Andromeda,  is  46P ;  aai- 
muth E.  S.  B. 

About  180  below  Mirach  are  two  stars  in  Aries,  not  mora 
than  5^  distant  from  each  other,  forming  with  Ifiraeh  an 
isosceles  triangle :  the  most  eastern  star  a,  is  of  the  seoond 
magnitude ;  the  other,  /3,  of  the  third,  attended  by  a  smaller 
star,  marked  y,  of  the  fourth  magnitude.  A  line  drawn  from 
Mirach,  perpendicular  to  the  horison,  will  pass  between  the 
two,  and,  besides,  will  point  to  a  star  of  the  second  magid* 
tude,  directly  E.  not  3^  above  the  horison. 

The  star  is  the  first  of  Cetus.  marked  a,  and  is  of  the  second 
magnitude ;  it  is  named  Meokar :  a  line,  drawn  from  Capella 
through  the  Pleiades,  will  also  point  to  it  Cetus  is  a  largo 
constellation,  and  contains  eight  stars  of  the  third  magnitnde ; 
they  all  lie  to  the  west  of  Menkar ;  fi.  a  star  in  the  tail,  is  mora 
than  40*  degrees  distant  from  it.  The  aaimuth  of /3  is  8.  B.  by 
B. :  altitude  neariy  the  same  as  Menkar. 

The  constellation  Pisces  is  situated  next  to  Aries ;  it  oon- 
tains one  star  of  the  third  magnitude,  marked  a ;  its  altitude  la 
10* ;  aaimuth,  E.  by  S. ;  it  is  disUnt  from  Menkar  16^.  A  line 
drawn  from  Almaack,  through  a  in  Aries,  will  point  to  It 

If  we  return  again  to  a,  in  the  head  of  Andromeda,  we  shall 
find  three  other  stars  nearer  the  meridian,  which  with  It  form 
a  square :  these  stars  are  in  Pegasus,  and  are  placed  at  the 
distance  of  16^  from  each  other ;  they  are  all  of  the  seoond 
magnitude.  The  two  stars  forming  the  western  side  of  the 
square  are  called,  the  upper  ooe  Scheat,  which  is  marked  d, 
and  which  is  in  the  thigh  of  Pega»us ;  the  under  one  Markab, 
which  is  marked  a,  and  which  is  in  the  wing :  the  lowest  star 
in  the  eastern  side  of  the  square  is  in  the  tip  of  the  wing,  and 
is  marked  7.  The  altitude  of  the  Scheat  is  66^ ;  aaimuth,  S.  B. 
&  E.    AlUtude  of  Markab,  43» ;  asiroutb,  S.  B.  by  S.  4  B. 

A  line  drawn  through  y  and  fi  (the  diagonal  in  the  square  of 
Pergasus,)  and  continued  to  the  meridian,  will  p<^t  oat  Cyg- 
nus,  a  remarkable  constellation,  in  the  form  of  a  large  oroaa, 
in  which  there  is  a  star  of  the  second  magnitude,  naflMd  Deaeb 
or  Arided  ;  it  is  marked  a,  and  is  almost  direetiv  upon  the  aMri- 
dian,  at  the  altitude  of  80*.  Cyrnus  oontains  six  atars  of 
the  third  magnitude.  The  constellation  Cephens,  which  oos- 
tains  no  remarkable  stars,  is  situated  between  Cygnns  and  the 
north  pole. 

Below  Pegasus,  and  nearer  the  aseridiaa,  is  Aquarias,  con- 
taining four  stars  of  the  third  magnitude.  A  line  drawn  from 
a  in  Andromeda,  through  Markab,  wiU  point  to  a  in  Aquarlns. 
IU  altitude  is  32* :  aaimuth,  8.  S.  B. 

A  bright  star  of  the  first  magnitude,  naased  FoBMlbant'ln 
Piseis  AustraHs,  is  then  upon  the  horiaon ;  aaimuth,  8.  8.  B. 
•  Delphinns,  a  saudl  eonstellation,  about  909  balow  Ctnna, 
upon  the  meridian,  oontains  five  stars  of  the  third  aModinde ; 
four  of  them  are  placed  eloae  together,  aad  form  thelgwa  of 
a  kwaage.  A  Hnedrawn  throngb  the  twonndar  atnraoftke 
iqnaro.  wU  point  to  it :  ita  nllitnda  la  abonlM. 
5k 
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A  Ifttte  to  the  #e9t  of  Delphinas,  bat  not  quite  so  Jugh,  is 
Aqoila,  containing  one  very  bright  star  of  the  first  magnitode, 
samed  Atair :  it  may  Tery  easily  be  known,  from  haTing  a  star 
on  eacb  side  of  it,  of  the  third  raagnitade,  forming  a  straight 
line,  th^  length  of  the  line  is  only  about  6^.  Altitude  of  Atair, 
40*;  aaimuth,  S.  S.  W. 

Considerably  above  Atair,  and  a  little  to  the  west  of  Cygnus, 
is  Lyra,  containing  a  star  of  the  first  magnitude,  one  of  the 
most  brilliant  in  &e- firmament  It  is  called  Lyra,  or  Vega, 
and  is  95*  to  the  north-west  of  Atnir :  altitude  60» ;  aaimuth, 
W.  S.  W.    Lyra,  Atair,  and  Arided  form  a  large  triangle. 

We  oome  now  to  notice  three  constellations,  which  occupy  a 
large  space  in  the  western  side  of  the  heavens :  these  are,  Her- 
cules, immediately  below  Lyra ;  Serpentarius,  between  Her- 
cules and  the  horizon,  extending  a  little  more  towards  the 
south ;  and  Bootes,  reaching  from  the  horiaon  W.  N.  W.  to  the 
altitude  of  45*. 

Hercules  contains  eight  stars  of  the  third  magnitude :  the 
star  in  the  head,  a,  named  Ras  Algethi,  is  within  6*  of  a,  in  the 
head  of  Serpentarius.  This  last  is  a  star  of  tlio  second  magni- 
tude, and  is  named  Ras  Alhague:  its  altitude  is  30*;  azimuth 
S.  W«  by  W.  i  W.  A  line  drawn  from  Lyra,  perpendicular 
to  the  horizon,  will  pass  between  these  two  stars.  The  other 
stars  in  Hercules  extend  towards  the  zenith,  and  those  in  Ser- 
?i€DtariaB  towards  the  horizon. 

The  constellation  Bootes  may  easily  be  known  from  the  bril- 
lianoy  of  Arctui^is,  a  star  of  the  first  magnitude,  and  supposed  to 
be  the  nearest  to  our  system  of  any  in  the  northern  hemisphere : 
it  is  within  10*  of  the  horizon ;  azimuth,  W.  N.  W.  Bootes 
also  contains  seven  stars  of  the  third  magnitude,  mostly  situ- 
ated higher  in  the  heavens  than  Arcturus.  The  star  imme- 
diately above  Arcturas  is  called  the  Mezen  Mirach,  and  is 
marked  e-  The  star  in  the  left  shoulder,  ^,  named  Seginus, 
forms,  with  Mirach  and  Arcturus,  a  straight  line. 

Between  Serpentarius  and  Bootes  is  Serpens,  containing 
one  star  of  the  second  and  eight  of  the  third  magnitude  ;  a, 
in  Serpens,  is  nearly  at  the  same  distance  from  the  horizon  as 
Arcturus;  azimuth,  W. 

Above  Serpens,  and  a  little  to  the  east  of  Bootes,  is  the 
Northern  Grown,  containing  one  star  of  the  second  magnitude, 
named  Gemma,  and  several  of  the  third,  which  have  the  ap- 
pearance of  a  semicircle.  A  line,  drawn  from  Lyra  to  Arcturus, 
will  pass  through  this  constellation. 

We  come  now  to  Ursa  Major,  a  constellation  containing  one 
star  of  the  first,  three  of  the  second,  and  seven  of  the  third 
magnitude.  It  may  be  easily  distinguished  by  those  seven 
stars,  which,  from  llieir  resemblance  to  a  waggon,  are  called 
Charles's  Wain.  The  four  stars  in  the  form  of  a  long  square 
are  the  four  wheels  of  the  waggon ;  the  three  stars  in  the  tail  of 
the  Bear,  are  the  three  horses,  which  appear  fixed  to  one  of  the 
wheels.  The  two  hind  wheels  (a  named  Dubhe  and  /3,)  are 
called  the  pointers,  from  their  always  pointing  nearly  to  the 
north  pole ;  hence  the  pole  star  may  be  known.  The  altitude 
of  Dubhe  is  90* ;  azimuth,  N.  by  W.  }  W. :  the  distance  be- 
tween the  two  pointers  is  6* ;  the  distance  between  the  pole  star 
and  Dolihe  the  upper  pointer  is  33*. 

Ursa  Minor,  besides  the  pole  star,  of  the  second  magnitude, 
situated  in  the  tail,  contains  three  of  the  third,  and  three  of 
the  fourth  magnitude.  These  form  some  resemblance  to  the 
4gore  of  Charles's  Wain  inverted,  and  nray  easily  be  traced. 

Draco,  containing  four  stars  of  the  second,  arid  seven  of  the 
third  magnitude,  spreads  itself  in  the  heavens  near  Ursa 
Bfinor ;  the  four  stars  in  the  head  are  in  the  form  of  a  rhom- 
bus, or  losenge ;  the  tail  is  between  the  pole  star  and  Charles's 
Wain. 

Besides  these  constellations,  there'  are  a  number  of  others, 
which,  as  they  contain  no  remarkable  stars,  we  have  not 
described :  an  enumeration  of  these  will  sufflce. 

The  Lynx,  between  Ursa  Major  and  Auriga ;  Cameloparda- 
Iqs,  between  Ursa  Major  and  Cassiopeia;  Musca  and  the 
Greater  or  Less  Triangles,  between  Aries  and  Perseus ; 
BqttDleos,  close  to  the  bead  of  Pegasus ;  Sagittarius,  setting 
in  the  8.  W. ;  Antinous,  and  Sobieski's  Shield,  below  Aquila ; 
the  Fox  and  the  Goose,  between  Aquila  and  Cygnus;  the 
Greyhounds,  and  Berenice's  Hair,  between  Bootes  and  Ursa 
ior :  and  Leo  BfinoTy  below  Ursa  Major* 


As  one  day  brings  the  stars  liearly  fbar  itaimites  iBallito  iaH 
the  same  situation  than  they  were  on  the  preceding  ^y ;  If 
making  that  allowance,  the  above  view  of  tiie  beaiens  wfll 
answer  for  September  6th,  about  10  o'clock ;  Septaober  till; 
about  nine  o'clock ;  or  October  21st,  aboat  sevon  o'clock  ii 
the  evening. 

2.  Point  out  the  situation  of  the  stars  for  Ite  IfttitBde«f  I«» 
don,  on  January  1st,  at  eight  o'clock  in  the  eweiAMngm  * 

3.  Required  the  situation  of  the  stars  for  the  latitqde  of  PSm, 
on  March  21st,  at  nine  in  the  evening. 

4.  What  are  the  principal  constellationa  fbat-vdllbe  aben 
the  horizon  of  Edinburgh,  on  May  Ist,  at  tern  o'dodL  ia  Ihi 
evening. 

GLOBULAR  Chart,  the  representation  of  the  aorfaes^  mH 
some  part  of  the  surface,  of  the  terrestrial  globo  apoD 
wherein  the  parallels  of  latitude  are  drdoa  noarly 
the  meridian  curves  bending  towards  the  poles,  aAd  the 
lines  are  also  the  curves. 

Globular  Prelection,    See  Map. 

Globular  Sailing,    See  Sailing. 

GLOW  Worm.    See  Lampyris. 

GLUCINA,  in  Chemistry,  an  earth  so  named  from  ita 
taste,  and  which  in  the  powder  or  in  fragments  is  almost  tins 
times  as  heavy  as  water.  It  is  infusible  in  the  fire,  does  ast 
contract  like  alumina,  by  great  heat,  and  has  no  efeet  m 
vegetable  colours.  It  Is  insoluble  in  water,  bat  oombiDes  ailk 
acids,  making  with  them  solnble  salts,  distingniahed  byasBgbtlf 
astringent  taste.    It  was  first  discovered  in  aqaa  fMr^wa. 

GLUE,  among  Artificers,  a  tenaciooa  visoid  matter,  vkfak 
serves  as  a  cement  to  connect  things  together.  Glaes  are  sf 
different  kinds,  according  to  the  various  uses  thej  are^desigasi 
for,  as  the  common  glue,  glove  glue,  parchmeot  gloe,  iaiqglitt 
glue,  &c.  The  common  or  strong  glue,  is  made  of  the  aUSisf 
animals ;  as  oxen,  cows,  calves,  sheep,  &c.,  and  the  older  di 
creature  is,  the  better  is  the  glue  made  of  its  hide.-  ladni; 
whole  skins  are  but  rarely  used  for  this  purpose,  botoal^lki 
shavings,  parings,  or  scraps  of  them ;  or  the  feet,  sioe#s,  te 
In  making  glue  of  parings,  they  first  steep  them  two  orikni 
days  in  water ;  then  washing  them  well  out,  they  boil  tbsai  ti 
the  consistence  of  a  thick  jelly,  which  they  pass,  while  hii 
through  osier  baskets,  to  separate  the  imparities  from  il,aBi 
then  let  it  stand  some  time  to  purify  it  forther:  when  all  Ihs 
filth  and  ordures  are  settled  to  the  bottom  of  tiie  Teasel,  they 
melt  and  boil  it  a  second  time.  They  next  poor  itiatsM 
frames  or  moulds,  whence  it  is  taken  out  pretty  hard  and  soBd, 
and  cut  into  square  pieces  or  oakes.  They  afterwards  dry  it  ia 
tbe  wind,  in  a  sort  of  coarse  net :  and  at  last  string  it,  to  fishk 
its  drying.  The  best  glue  is  that  which  ia  oldest ;  and  Iki 
surest  way  to  try  its  goodness,  is  to  lay  a  pieoe  to  steep  fhni 
or  four  days,  and  if  it  swell  considerably  without  meltiag;  aai 
when  taken  out  resume  its  former  dryness,  it  is  osceUcnt  A 
glue  that  Urill  hold  against  fire  or  water  may  he  mads  ttas: 
mix  a  handful  of  quick  lime  with  four  ounces  of  liaseed  •( 
boil  them  to  a  good  thickness,  then  spread  it  oa  tin  pblmii 
the  shade,  and  it  will  become  exceedingly  hard,  but  may  Is 
dissolved  over  a  fire,  as  glue,  and  will  eflfeot  the  bariasn  Is 
admiration. 

Glue,  Method  of  Preparing  emd  Um^.^Set  a  quart  of  wilv 
on  the  fire,  then  put  in  about  half  a  pound  of  po«id  vine,  aii 
boil  them  gently  together  till  the  glue  be  entireJy  wstMi 
and  of  a  due  consistence.  When  glue  is  to  be  used,  it  Mil  ht 
made  thoroughly  hot;  after  which,  with  a  brash  dipped  a  Hi 
besmear  the  faces  of  the  joints  as  quiek  as  posslMS ;  tfai 
clapping  them  together,  slide  or  rub  them  lengthwise  not- 1^ 
another  two  or  three  times,  to  settle  them  close;  aad  is  Jit 
them  stand  till  they  are  dry  and  firm. 

Glue,  Parchment^  is  made  by  boiling  gently  shreds  of  panh 
ment  in  water,  in  the  proportion  of  one  pound  of  the  fiwsMrW 
six  quarts  of  the  latter,  till  it  be  reduced  to  one  qaait:' Iht 
fluid  is  then  strained  from  the  dregs,  and  afterwards  helMti 
the  consistence  of  glue.  Isinglass  gloe  is  mado  ia  the 
way:  but  this  is  improved  by  dissolving  the  isinglass  in 
by  means  of  a  gentle  heat.    See  Cbhent. 

GLUTEN.    With  the  fecula  and  aaecbariae  matter 
compose  the  principal  part  of  nutritive  graia«  is  another  i 
stance  approaohing.  more  nearly  ia  its  charaatots  to 
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■iMter  than  any  other  prodacl  of  the  xe|(etable  sjitcm.  From 
ilio  resemblance  in  its  properties  to  the  animal  principle  for- 
merly called  gluten,  but  now  dcicribed  under  the  term^^ria, 
it  hail  received  the  name  of  vegetable  gluten.  It  is  obtained  in 
Iftrge  quantities  from  wheat,  amounting  to  the  13th  part  of  the 
whole  grain,  by  kneading  the  flour  into  paste,  which  is  to  be 
washed  very  cautiously,  by  kneading  it  under  a  jet  of  water  till 
the  water  carries  off  nothing  more,  but  runs  off  colourless; 
what  remains  is  gluten :  it  is  ductile  and  elastic ;  it  has  some 
TOsemblaoce  lo  animal  tendon  or  membrane ;  it  is  very  lena* 
oions.  and  may  be  ased  as  a  cement  for  broken  porcelain 
▼cssels.  It  has  a  peculiar  smell,  with  scarcely  any  taste. 
When  exposed  to  the  air  it  assumes  a  brown  colour,  and 
becomes  apparently  covered  with  a  coat  of  oil.  When  com- 
pletely dry  it  resembles  glue,  and  breaks  like  glass.  It  is 
mioluble  in  water,  alcohol,  and  ether ;  but  the  acids  dissolve  it, 
and  the  alkalies  precipitate  it.  It  has  a  strong  affinity  for  the 
«Milouring  matter  of  vegetables,  and  likewise  for  resinous  sub- 
stances. When  kept  moist,  it  ferments,  and  emits  a  very 
offensive  smell ;  the  vapour  blackens  silver  and  lead.  Its 
constituent  parts  are  oxygen,  hydrogen,  carbon,  and  azote. 
Though  it  exists  most  abundantly  in  wheat,  it  is  found  in  large 
quantities  in  many  other  plants.  It  is  gluten  that  renders 
wheat  so  (It  for  bread. 

GLYCYRRHIZA,  or  Liqvokicr,  a  genus  of  the  disdelphia- 
deeandria  class  and  order.  Natural  order  of  papilionact-c  or 
legamioosff.  There  are  four  species;  tall  perennial,  herba- 
eeous  plants,  with  the  stalks  somewhat  woody  at  the  bottom. 
Their  propagation  is  effected  by  cuttings  of  the  small  roots. 
An  open  situation  and  a  deep  loose  soil  is  the  most  suitable  for 
them.  In  three  years  the  roots  will  be  fit  to  take  up.  Liquorice 
is  akaost  the  only  sweet  that  quenches  thirst,  and  has  been 
employed  in  hydropic  cases,  to  prevent  the  necessity  of  drink- 
lag.    An  extract  is  made  from  the  root 

GNAT.    Set  Cuiex. 

GNEISS,  in  Mineralogy,  composed  of  felspar,  quarta,  and 
mica«  forming  plates,  bid  on  each  other,  and  separated  by  thin 
layers  of  mica;  differs  from  granite  by  being  divisible  like 
alate;  though,  like  that,  it  sometimes  contains  schorl  and  garnet. 
The  beds  of  gneiss  sometimes  alternate  with  layers  of  granular 
limestone,  schistose,  hurnblcnde,  and  porphyry.  It  is  rich  in 
ores;  almost  every  metal  has  been  found  in  gneiss  rocks,  cither 
io  veins  or  beds.  Sometimes  gneiss  is  found  in  a  curved  form, 
•f  which  there  are  some  very  remarkable  rocks  in  the  island  of 
Lewis,  one  of  the  Hebrides. 

GNOMON,  in  Astronomy,  is  an  instrument  or  apparatus 
for  measuring  the  altitudes,  declinations,  k.c-  of  the  sun  and 
alars.  The  gnomon  is  usually  a  pillar,  or  column,  ur  pyramid, 
erected  upon  level  ground,  or  a  pavement.  For  making  the 
BMwe  considerable  observations,  both  the  ancients  and  modcrox 
have  made  great  uso  of  it,  especially  the  former ;  and  many 
have  preferred  it  to  the  smaller  quadrants,  both  as  mure  arcu* 
rate,  easier  made,  and  more  easily  applied.  The  niDHt  ancient 
observation  of  this  kind  extant,  is  that  made  by  Pythean,  in 
the  time  of  Alexander  the  Great,  at  Marseilles,  where  he  found 
the  height  of  the  gnomon  was  in  proportion  to  the  meridian 
jUiadom  at  the  summer  solstice,  as  2\:i\  to  UK);  just  the  same 
as  Gassendi  found  it  to  be,  by  an  observalion  made  at  the  same 
friace,  almost  *2uao  years  after,  vix,  in  the  year  1030. 

The  elevation  of  the  pole  may  be  found  by  moans  of  the  gno- 
aea,  by  finding  the  meridian  height  of  the  sun ;  for  this  being 
gif  en,  we  have  the  elevation  of  the  equator,  and  consequently 
that  ef  the  pole.  The  meridian  height  of  the  sun  may  be  found 
ia  Ibe  following  manner:  Let  A  C, 
la  the  aancxed  figure,  represent  the 
gaomon.  A  II  the  shadow,  C  B 
part  of  a  rav  drawn  from  the  centre 
of  the  sun  pasting  by  the  lop  of  the 
IHMimoD,  ami  imiiinating  the  sha-  > 

4aw  at  B.  The m-  lines  form  the  right-  ^ " 

aagled  triangle  ABC.  and  of  which 

the  two  h'z%  A  II.  A  C  may  be  sup-     y 

poied   given,   their    lengths    being 

rately  found  by  measurement;  then  having  the  two  sides, 
knowing  ibe  angle  at  A  to  be  a  right  angle,  the  angles  at  B 
C  are  easily  found  hy  Ibe  kaowa  roles  of  triganoaielry : 


K/- — -^ 

i\  G         U 


the  former  of  which  will  gjve  the  sod's  meridiao  altitode,  and 
hence  the  latitude  of  the  place. 

This  method  of  observ  ation,  however,  is  by  no  means  accu- 
rate, as  is  proved  by  the  following  deficiencies  in  the  ancient 
observations  made  in  this  manner:  I.  The  astronomers  did 
not  take  into  account  the  sun's  parallax,  which  makes  his 
apparent  altitude  less  than  it  would  be  if  the  gnomon  were 
placed  at  the  centre  of  the  earth.  Z  They  nej^lectcd  refrae* 
tion,  by  which  the  apparent  height  of  the  sun  is  somen  hat 
increased.  3.  They  made  their  calculations  as  if  the  shadows 
were  terminated  by  a  ray  coming  from  the  sun's  centre ; 
whereas  it  is  bounded  by  one  coming  from  the  upper  edge 
of  his  limb.  These  errors,  how  ever,  may  be  easily  allowed  for ; 
and  when  this  has  been  done,  the  ancient  observations  are 
generally  found  to  coincide  nearly  with  those  of  the  moderns. 

Gkomon,  in  Dialling,  is  the  style-pin,  or  cork  of  a  dial,  the 
shadow  of  which  points  out  the  hours.  This  is  always  sup» 
posed  to  represent  the  axis  of  the  world,  to  which  it  is  there- 
fore parallel,  or  coincident,  the  two  ends  of  it  pointing  straight 
to  the  north  and  south  poles  of  the  world. 

Gnomon,  in  Geometry,  is  the  space  included  between  the 
lines  forming  two  similar  parallelograms,  of  which  the  smaller  is 
inscribed  withia  the  larger,  so  as  to  have  one  angle  in  each  com* 
mon  to  both. 

ThusAGFE  and  ABCD  being 
o I        r        similar    parallelograms,  having  a 

//        j        common   ancle    at    A ;   then    the 
/p       /         space    G  B  C  F  D  E  is   called    a 

B/ — ,         1^        gnomon.     In  the  same  manner,  if 

G  F  and  K  F  be  produced  to  H  and 
I,  foiming  another  similar  paralle- 
logram F  11  C  I.  then  is  also  the 
spare  F  II  B  .\  IM  a  gnomon; 
and  the  same  may  othemisc  be 
formed  about  the  angles  D  ami  B. 

Gnomomc,  or  tvSoMOMCAL  Projertlim^  that  which  repre- 
sents the  circle  of  a  hemisphere  upon  a  plane  touching  it  in  the 
vertex,  by  lines  or  rays  fnmi  the  centre  of  the  hemisphere  to  all 
the  points  of  the  circles  to  be  projected.  In  this  projection  all 
the  great  circles  of  the  sphere  are  projected  into  right  lines. 
Any  lesser  circle  parallel  to  the  plane  of  projection,  is  project- 
ed into  a  circle.  And  any  lesser  circle  not  parallel  to  the  plane 
of  projection,  is  projected  into  a  conic  section.  Tbe  gnomouic 
projection  is  also  called  the  hot-oiogitHfraphic  project wm,  because 
it  is  the  foundation  of  dialling.  lu  other  respects  it  is  not  much 
used,  because  the  circles  of  the  sphere  are  projected  into  conic 
sections,  which  are  difficult  to  be  described.  Ilomever,  this 
projection  has  its  conveniences  in  tbe  solution  of  some  pro- 
blems of  the  sphere,  on  account  of  the  great  circles  being  all 
projected  into  right  lines.  Kmerson  has  given  a  theory  and 
practice  of  the  gnonionie  projection,  is  bis  treatise  oo  the 
•'  Projection  of  the  Sphere." 

Gnomomcs.  the  art  of  dialling,  or  of  drawing  sob  and  moon, 
dials,  ^c.  on  any  given  plane,  so  called,  as  it  thews  how  to  find 
the  boor  of  the  day,  &.r.  b\  the  shadow  of  the  gnomon  or  style. 
<;Nil.STI(\S.  in  Church  History,  a  sect  ot  Christians,  ao 
called  from  their  pretensions  to  be  more  eulighteucd  than 
others,  and  from  their  afl'eeting  to  be  able  to  bring  mankind  to 
the  knoviledfce  of  the  true  tiod. 

GtlAT,  in  Zoology.  Vupr^^  a  genus  of  quadrupeds,  of  the 
order  of  pecora,  of  which  there  are  nine  Mperies  and  varieties, 
rir.  1.  Capra  lhc-\,  found  in  several  parts  uf  Europe  and  Asia, 
dwells  in  mountainous  parts,  and  is  an  animal  ot'cieat  strength 
and  agility.  The  colour  is  a  gravish  brown.  *2.  Capra  .l^gagros, 
or  Caurasim  Ihex.  larger  than  the  common  ^oal.  in  vimc  de- 
gree resembles  n  hiag.  Tlie  female  has  neither  horns  nor  beard. 
It  inhhhils  the  highest  parts  of  mount  t*uucasus,  and  is  Mrong 
and  swift.  3.  C?apra  liirrus.  or  common  gnat,  found  in  almost 
every  part  of  the  globe  is  various  of  colour,  being  black, 
brovvn,  while,  or  s|Mitted.  Tlic  tlrsh  is  good  when  young,  and 
the  skin  is  used  for  makinc  gloves.  The  coat  goes  with  young 
four  months  and  a  half.  The  leather  made  of  the  skin  of  the 
Chamois  goat  is  higMy  esteenn'd.  The  folloming  are  the 
principal  varieties  of  the  common  goat :  1.  Capra  Mamlnica. 
or  Syrian  goat,  is  remarkable  for  its  cars,  which  arc  lone  and 
pendulooi.   3.  Capra  Angoreosia,  or  Apgora  goat,  is  geoeiiiif 
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of  a  milk-white  colour,  short-lerged,  with  black,  spreading, 
spirally  twisted  horns,  and  the  hair  on  the  body  hanging  in 
spiral  ringlets.  From  this  hair  fine  camblets  are  made.  3. 
Capra  Depressa,  or  African  goat,  is  a  Tory  small  kind,  found  in 
some  parts  of  Africa.  4.  Capra  Reversa,  or  Whidah  goat,  is 
also  a  dwarf  variety  found  in  Africa,  where  it  is  much  esteemed 
as  an  article  of  food.  6.  Long-horned  Whidah  goat  6.  Capri- 
corn goat. 

GOBIUS,  the  Gohy,  in  Natural  History,  a  genus  of  fishes  of 
the  order  tboracici,  of  which  there  are  twenty-five  species. 

GOD,  the  Supreme  Being,  the  first  Cause,  or  Creator  of  jthe 
universe,  the  upholder  and  governor  of  ail  things,  and  the  only 
true  object  of  religious  worship. 

GODFATHERS  and  GODMOTHERS,  persons  who  at  the 
baptism  of  infants  lay  themselves  under  an  indispensable 
obligation  to  instruct  them  in  the  principles  of  Christianity, 
and  watch  over  their  conduct 

GOGGLES,  in  Surgery,  instruments  used  for  the  cure  of 
scjininting,  or  that  distortion  of  the  eyes  which  occasions  this 
disorder.  They  are  short  conical  tubes,  composed  of  ivory 
stained  black,  with  a  thin  plate  of  the  same  ivory  fixed  in  the 
tabes  ;  through  the  centre  of  the  plates  is  a  small  circular  hole, 
about  the  size  of  the  pupil  of  the  eye,  for  the  transmission  of 
the  ra>  s  of  light. 

GOLD.    See  AuRUM. 

Gold  Wire,  a  cylindrical  ingot  of  silver,  superficially  gilt,  or 
covered  with  gold  at  the  fire,  and  afterwards  drawn  succes- 
sively through  a  great  number  of  little  round  holes,  of  a  wire- 
drawing-iron,  each  less  than  the  other,  till  it  is  sometimes 
no  bigger  than  a  hair  of  the  head. 

Gold  Wire,  flatted,  is  the  former  wire  flatted  between  two 
rollers  of  polished  steel,  to  fit  it  to  be  spun  on  a  stick,  or  to  be 
used  flat,  as  it  is  without  spinning,  in  certain  stuffs,  laces, 
embroideries,  &c. 

Gold  Thread,  or  Spun  Gold,  is  flatted  gold  wrapped  or  laid 
over  a  thread  of  silk,  by  twisting  it  wiUi  a  wheel  and  iron 
bobbins. 

Gold  Beating.  A  quantity  of  pure  ^old  being  melted  and 
formed  into  an  ingot,  reduced,  by  forging,  into  a  plate  about 
the  thickness  of  a  sheet  of  paper ;  the  gold-beaters  cut  the 
plate  into  little  pieces  about  an  inch  square,  and  lay  them  in 
the  first  or  smallest  mould  to  begin  to  stretch  them  ;  after  they 
have  been  hammered  here  a  while  with  the  smallest  hammer, 
tliey  cut  eaoh  of  them  into  four,  and  put  them  into  the  second 
mould,  to  be  extended  further.  Upon  taking  them  hence,  they 
cut  them  again  into  four,  and  put  them  into  the  third  mould, 
out  of  which  they  are  taken,  divided  into  four  as  before,  and 
laid  in  the  last  or  finishing  mould,  where  they  are  beaten  to 
the  deg^e  of  thinness  required.  They  take  them  out  of  the 
mould,  and  dispose  them  into  little  paper  books,  prepared  with 
a  little  red  bole  for  the  gold  to  stick  to ;  each  book  ordinarily 
contains  26  gold  leaves. 

Gold,  Burnished,  that  smoothed  or  polished  with  a  burnisher. 

GrOLD,  MasmiCf  that  applied  in  pannels  on  proper  ground, 
distributed  into  squares,  losenges,  and  other  compartments, 
part  whereof  is  shadowed,  to  heighten  or  raise  the  rest 

Gold,  iSfteff,  that  used  by  the  illuminers,  for  writing  gold 
letters.  It  is  made  of  leaf-gold,  reduced  into  an  impidpable 
powder,  by  grinding  on  a  marble  with  honey.  After  leaving 
it  to  infuse  some  time  in  aquafortis,  they  put  it  in  shells,  where 
it  sticks.  To  use  it,  they  dilute  it  vrith  gum-water,  or  soap- 
water. 

Gold,  Pure,  that  purged  by  fire  of  all  its  impurities,  and  all 
•Uoj.  The  modems  frequently  call  it  gold  of  24  carats.  Gold 
oflSearats  has  one  part  of  silver,  and  another  of  copper; 
thatof  23caiats  has  half  a  part  (that  is,  half  a  twenty-fourth) 
of  each. 

GOLDEN  Number,  in  Chronology,  a  number  shewing  what 
year  of  the  M etonic,  or  lunar  cycle,  any  given  year  is.  To  find 
the  golden  number,  add  1  to  the  given  year,  and  divide  the 
sum  by  19 ;  what  remains  will  be  the  golden  number ;  unless  0 
fOmiin,  for  then  19  is  the  golden  number.  The  discovery  of 
the  Metonio  cycle  exhibited  snoh  extensive  astronomical  know- 
le^K^f  that  it  obtained  great  sucoess  and  reputation  in  Greece, 
iofomuoh  that  the  order  of  the  period  was  engraved  in  letters 
of  gold ;  whenoe  it  aoquired  the  name  of  yeMm  nun^er. 


Golden  Rule,  the  name  usually  givon  by  aritbmoticiaDS  to 
the  Role  of  Proportion,  or  Rule  of  Three,  on  acooant  of  its 
extensive  usefulness. 

GOLDSMITH,  or  Silversmith,  an  artist  who  makes  ru^ 
sets,  utensils,  and  ornaments,  in  gold  and  silver.  The  work  is 
either  performed  in  Uie  mould,  or  beat  out  with  tho  hamacr, 
or  other  engine.  Ail  works  that  have  raised  figures  are  east  hi 
a  mould,  and  afterwards  polished  and  finiahed:  plates,  or 
dishes,  of  silver  or  gold,  are  beat  out  from  thin  flat  plates,  and 
tankards  and  other  vessels  of  that  kind  are  formed  of  platei» 
soldered  together,  and  their  mouldings  are  beat,  not  cast  Tha 
goldsmith  is  to  make  his  own  moulds,  and  for  that  reatoa 
ought  to  be  a  good  designer,  and  have  a  taste  in  acalpture:  he 
also  ought  to  know  enough  of  metallurgy  to  bo  able  to  assay 
mixed  metals  and  to  mix  the  alloy. 

GONDOLA,  a  sort  of  barge,  curiously  omamoBtod,  and 
navigated  on  the  canals  of  Venice.  The  middlo-siaed  gaa- 
dolas  are  upwards  of  thirty  feet  long,  and  four  broad;  thnr 
always  terminate  at  each  end  in  a  very  sharp  point,  whioh  « 
raised  perpendicularly  to  the  full  height  of  a  man. 

GONG,  in  Music,  a  Chinese  instrument  made  of  an  alloy  if 
twenty  parts  tin  and  seventy-eight  copper,  which  is  brittle,  aad 
malleable  when  it  is  tempered,  and  can  accordingly  be  wroaghl 
easily ;  but  it  becomes  hard,  elastic,  and  brittle,  when  it  is 
allowed  to  cool  in  the  open  air.  It  is  made  in  tho  first  of  these 
states,  and  is  afterwards  rendered  elastic  and  hard.  If  siradk 
with  a  hard  body  it  would  break ;  but  if  straok  with  a  piece  if 
leather,  the  sound  is  at  first  very  small,  but  by  vibratum  it  is 
communicated  to  the  rest  of  the  mass,  and  bocomes  a  itty 
loud  and  terrible  noise. 

GONIOMETER,  an  instrument  for  measuring  angles  if 
crystals,  &c.  The  simplest  of  these  is  a  semicinmlar  soak  if 
degrees  A  A,  and  a  small  pair  of  nippers  B  B  B  B  dostioed  la 
receive  the  crystal,  or  other  body  of  which  tho  angle  is  to  hi 
measured.  The  centre  is  made  moveable,  so  as  to  permit  tht 
legs  B  B  and  B  C  B  to  be  lengthened  or  shortened  by  RMam  if 


the  perforation.  The  crystal  to  be  measu«d  is  appfiid  to- 
tween  the  compasses,  which  being  thus  set,  are  apMedls  As 
semicircular  scale,  and  the  value  of  the  angle  may  bo  laai  si 
at  its  edge.    Hence  in  the  figure  it  is  set  at  9(f. 

GONIOMETRY,  is  a  method  of  measuring  an^oswifti 
pair  of  compasses,  and  that  without  any  scale  whatorery  ejphspt 
a  semicircle. 

GONIUM,  in  Natural  History,  a  genus  of  tho  Toimm  Mi* 
soria,  a  worm  very  simple,  flat,  angular,  and  invisible  la  tti 
naked  eye.  There  are  five  species,  of  which  G.  peetMali  ii 
found  in  pure  water;  molecules  oval,  noarlr  equal  iaiim^Ml 
in  a  quadrangular  membrane  like  diamonds  in  a  liof ,  tha  iooit 
ones  larger  than  the  rest. 

GOOD  Behaviour,  in  Law.  Surety  for  good  beliaviam^ii 
the  bail  for  any  person's  good  conduct  for  a  cortaia  tiam;  ii 
surety  for  the  peace  is  a  recognisance  taken  hj  a  oompilMl 
judge  of  record  for  keeping  the  king's  peaoe.  Jastieis  of  Ao 
peace  may  also  bind  persons  of  evu  ikmo  to  their  fSii 
behaviours. 

GOOGINGS,  certain  clamps  of  iron  or  other  oMtal,  boitid 
on  the  stern-post  of  a  ship,  whereon  to  hang  tho  radtet  iv 
which  purpose  there  is  a  hole  in  each  of  them  to  roooivo  a  eif- 
respondent  spindle,  boltod  on  tho  back  of  tho  rwldar,  which 
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tarn  thereby  m  apon  hinges.  There  are  generallj  four,  five, 
•r  aix  i^oof^ioi^s  on  a  f hip's  stern-posts  and  rudder,  according 
to  her  site,  and  upon  these  the  radder  is  supported,  and  tra- 
▼ertes  from  aide  to  side  as  upon  an  axis.  Set  the  article  Helm. 

GOOSEBERRIES.  Forcnlinarj  purposes  gooseberries  are 
generalljr  eroplojed  before  they  are  ripe ;  but  this  is  founded 
on  erroneous  notions  of  their  chemical  properties,  since,  either 
for  sauces  or  wine,  though  they  are  more  cool  and  refreshing, 
they  do  not  possess  the  delicate  flavour  and  rich  saccharine 
i|«aiities  which  are  inherent  in  the  ripe  fruit  Wine  made  of 
gooseberries  has  great  resemblanee  to  Champaigne.  In  the 
nakiog  of  wine,  after  the  juice  has  been  expressed,  it  is  cus- 
tomary to  throw  away  the  skim  of  the  fruit.  These,  however, 
may  with  advantage  be  employed  in  distillation,  as  they  afford 
ao  agreeable  spirit  somewhat  resembling  brandy.  When  kept 
a  few  months,  this  spirit  is  said  to  be  little  inferior,  either  in 
•tieiigth  or  flavour,  to  the  best  Cogniac  brandy.  Vinegar  may 
be  made  from  gooseberries.  Some  of  the  kinds  are  bottled 
wliile  green,  and  kept  for  winter  use ;  and  others  are,  for  the 
name  purpose,  preserved  with  sugar.  Gooseberries  vary  much 
in  colour,  sise,  and  quality.  Some  are  smooth,  and  others 
hairy.  Some  are  red,  others  green,  and  others  yellow  or 
aaiber  colon  red.  Wild  gooseberries  are  greatly  infenorin  sixe 
to  those  which  are  cultivated  in  gardens. 

GOOSE- Neck,  a  sort  of  iron  hook  fitted  on  the  inner  end 
of  a  boom,  and  introduced  into  a  clamp  of  iron  or  eye-bolt, 
which  encircles  the  mast,  or  is  fitted  to  some  other  place  in  the 
ship,  so  that  it  may  be  unhooked  at  pleasure. 

Goose  Wings  of  m  Smil,  the  clues  or  lower  comers  of  a  ship's 
main-sail  or  fore-sail,  when  the  middle  part  is  furled  or  tied  up 
to  the  yard.  The  goose  wings  are  only  used  in  a  storm,  to  scud 
before  the  wind,  when  the  sail,  even  diminished  by  a  reef, 
»oald  be  too  great  a  press  on  the  ship  in  that  situation. 

GORDIUS,  Hair  Worm,  a  genus  of  the  vermes  intestina 
class  and  order.  There  are  tve  species.  G.  aquaticus  is  from 
four  to  six  inches  long,  of  a  pale  brown  colour,  and  darker  at 
the  extremities:  it  is  found  in  stagnant  waters,  and  twists 
itself  into  various  contortions  and  knots ;  if  handled  without 
caution,  it  will  inflict  a  bite  that  occasions  the  whitlow. 

GORING,  or  Gorino-Cloth,  that  part  of  the  skirU  of  a 
sail  where  it  padually  widens  from  the  upper  part  or  head, 
towards  the  bottom  or  foot ;  the  goring-cloths  are,  therefore, 
those  which  are  cut  obliquely  and  added  to  the  breadth.  Ste 
the  article  Sail. 

GOSSAMER,  the  name  of  a  fine  filmjr  substance,  like  cob- 
web, seen  to  float  in  the  air  in  clear  days  in  autumn.  Is  probably 
formed  by  the  D>ing  spider,  which  in  traversing  the  air  for 
food,  shoots  out  these  threads  from  its  anus,  which  are  home 
down  hf  the  dew,  kc, 

GOSSTPIUM,  or  Cotton,  a  genus  of  the  polyandria  order, 
io  the  monadelphia  class  of  plants,  and  in  the  natural  order  of 
oolumoiferar.  See  page  108  for  a  description  of  Cotton.  In 
warm  countries  cotton  plants  are  cultivated  in  great  quantities 
ia  the  fields,  for  the  sake  of  the  cotton  tbev  produce ;  but  the 
ftrst  species  is  most  generally  cultivated.  The  pods  are  some- 
times as  large  as  middling-sised  apples,  closely  filled  with  the 
seed  surrounding  the  cotton. 

It  is  impossible  to  ascertain  with  precision  the  actual  amount 
cC  may  of  the  great  manufactures  of  the  kingdom  ;  but  of  cot- 
loo  it  may  be  safely  asserted,  that  the  value  is  from  thirty  to 
forty  millions  of  pounds  sterling  per  annum.  The  average 
ooooal  amount  of  cotton- wool  imported  during  the  last  seven 
jeort  was  145.000,000  lbs.,  from  which  deduct  16  millions  for 
•sports,  and  10  millions  for  cotton-wool  used  at  home  in  an 
■■manofactnred  state,  120  millions  remain.  Taking  the  price 
of  ibis  wool  at  Is.  per  lb.,  and  the  increase  ^f  value  by  manu- 
loetare  at  five  times  the  cost  of  the  raw  material,  the  amount 
will  stand  thus: — 
190,000.0001b.  of  cotton  at  Is.  per  lb.  £6,000,000 

loeieoaed  valae  by  manufacture 30,000,000 

Gross  amou nt £36,000.000 

Avorage  vahie  of  ootton  manufactures  exported . .     16^560,379 

Home  consumption £19,439,631 

TUa  result  is  not  very  dissimilar  to  the  statement  made  by 
tke  president  of  the  Board  of  Trade  in  the  Hoase  of  Commons, 
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on  the  8th  of  March,  1624,  that  the  annual  value  of  ootton 
goods  manufactured  had  risen  to  the  incredible  amount  of 
£33,a')7,000. 

Every  part  of  the  cotton  trade,  from  the  importation  of  the 
raw  material  to  its  completion  by  the  weaver,  the  bleacher,  the 
dyer,  and  the  calico  pnnter,  is  carried  on  in  Lancashire,  but 
the  branch  for  which  Manchester  is  chiefly  distinguished  is 
the  spinning.  In  this  department  of  the  trade  there  are  at  pre- 
sent (August,  1826,)  104  spinning  factories  in  the  townships  of 
Manchester,  Chorlton-row,  Ardwick,  Salford,  Pendleton,  and 
Hulme,  worked  by  110  steam-engines,  of  the  aggregate  power 
of  3698  horses.  In  the  year  1787,  the  number  of  spinning 
factories  in  the  county  of  Lancaster  amounted  only  to  42,  and 
those  were  in  general  of  a  magnitude  very  inferior  to  tlie  mills 
which  at  present  exist  in  this  place. 

From  a  calculation  made  in  1817,  it  appears,  that  the  num- 
ber of  persons  then  employed  in  the  spinning  of  cotton  in  this 
country  was  110,708 ;  that  the  aid  they  derived  from  steam  was 
equal  to  the  power  of  20,768  horses ;  and  that  the  number  of 
spindles  in  motion  was  6,645,833.  By  this  immense  process 
3,987,500,000  hanks  of  cotton  yam  were  produced  yearly,  taking 
the  average  at  40  hanks  to  the  pound  ;  and  the  quantity  of  cmmI 
consumed  in  their  production  is  stated  at  5000  tons. 

Raw  cotton  converted  into  jram  in  the 
United  Kingdom  in  1817 110,000,000 lb. 

Loss  in  spinning  estimated  at  l|os. 

per  pound 10,312,500 

Quantity  of  yam  produced,  .. 09,687,5001b. 

Number  of  hanks,  taking  the  average  at  40 
per  lb 3,937,500,0001b. 

Number  of  spindles  employed,  each  spindle 
being  supposed  to  produce  two  hanks  per 
day,  at  300  working  days  in  the  year, 6,64^,833 

Number  of  persons  employed  in  spinning, 
supposing  each  to  produce  120  hanks  per 
day 110,763 

Horse  power  employed,  equal  in  nnmber  to  20,768 

Four  ounces  and  a  half  of  coal  estimated  to  produce  one  hank 
of  No.  40;  and  1801b.  of  coal  per  day,  equal  to  one-horse 
power. 

The  increase  of  manufactures  since  1817  has  been  consider- 
able, certainly  not  less  than  20  per  cent  as  will  appear  from 
the  increased  average  annual  quantity  of  cottonwool  imported. 

The  number  of  men  employed  in  1825,  in  one  branch  of  the 
eotton  manufacture  in  Great  Britain,  riz.  in  cotton  twist 
spinning,  amounts  to  250,000,  and  these  men,  aided  by  the 
power  of  water  and  steam,  as  first  movers  to  machinery,  spin 
as  much  thread  as  could  have  been  spun  before  the  introduc- 
tion of  such  machinery  by  the  hands  of  24  millions  of  men ;  and 
this  calculation  respecting  the  power  of  machinery  is  supported 
by  a  fact  otherwise  inexplicsble ;  namely,  that  cotton  wool 
grown  in  Hindoostan,  is  imported  into  Britain,  where  it  is 
manufactured,  and  afterwards  retumed  to  Hindoostan,  and 
sold  there  at  prices  rainous  to  the  Indian  manufacturer, 
although  his  workmen  are  contented  with  the  slender  wages  of 
two- pence  a  day ! 

About  four-filths  of  the  whole  amount  of  the  cotton  trade  of 
the  kingdom  centres  in  the  county  of  Lancaster ;  ami  it  is 
calculated  that  the  capital  employed  in  Lancashire  in  this  trade 
alone,  in  buildings  and  machinery,  amounts  to  £8,000.000. 
Steam,  it  has  been  already  observed,  is  now  applied  to  a  con- 
siderable extent  in  the  weaving  as  well  as  in  the  spinning;  and 
we  have  ascertained,  that  there  are  at  present  (July  1825)  la 
the  parish  of  Manchester  alone,  upwards  of  20,0(K)  uteam  looms 
in  motion.  In  Mr.  Guest's  book  on  **  The  Cotton  Manufac- 
tures, '  the  number  of  steam  or  power  looms  in  Great  Britain 
were  estimated  at  10,000;  that  estimate  wss  even  too  low,  ami 
the  probability  is,  that  there  are  now  in  England  and  Scotland 
not  fewer  than  40,000  power  looms  employed  in  the  weaving  of 
eotton  alone,  8000  of  which  are  in  Scotland. 

GOTHIC  Style,  in  Architecture.  The  characteristics  of 
this  manner  of  building  are  pointed  arches,  greater  height 
than  breadth  in  the  proportions,  and  profuse  ornament,  chiefly 
derived  from  an  imitation  of  the  leaves  and  flowers  of  plants. 
See  AacHiTecTVRE. 
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GOUGE,  an  instrament  or  tool  used  by  divers  artificers, 
bein^  a  sort  of  roand  hollow  chisel  fur  cutting  holes,  8co.  either 
in  wood  or  stone. 

GOUGING,  is  the  name  given  to  a  batbaroas  practice  in  the 
southern  states  of  North  America,  where  two  men  fight,  and 
endeavour  with  their  thumbs  to  scoop  out  each  other's  eyes. 

GOVERNMENT,  in  general,  is  the  polity  of  a  state,  or  an 
orderly  power  constituted  for  the  public  good.  Civil  govern- 
ment was  instituted  for  the  preservation  and  advancement  of 
men's  civil  interests,  and  for  the  better  security  of  their  lives, 
liberties,  and  properties.  The  various  forms  of  government 
may  be  reduced  to  one  of  these  heads ;  either  the  civil  autho- 
rity is  delegated  to  one  or  more,  or  else  it  is  still  reserved  to 
the  whole  body  of  the  people  ;  whence  arises  the  distinction  of 
government  into  monarchy,  aristocracy,  and  democracy.  A 
mixed  government  is  composed  by  the  combination  of  the 
simple  forms.  The  government  of  this  country  is  a  mixed 
government,  being  formed  by  a  combination  of  the  three  regu- 
lar species ;  the  monarchy  residing  in  the  king,  the  aristocracy 
in  the  bouse  of  peers,  and  the  republic  being  represented  by 
the  house  of  commons,  so  as  to  unite  the  advantages  and  ex- 
clude the  inconveniences  of  the  several  simple  forms.  The 
executive  power  of  the  laws  being  lodged  in  a  single  person, 
they  have  all  the  advantages  of  strength  and  despatch  that  are 
to  be  found  in  the  most  absolute  monarchy,  and  the  legislature 
of  the  kingdom  being  intrusted  to  three  distinct  powers, 
entirely  independent  of  each  other,  and  actuated  by  different 
springa,  and  attentive  to  different  interests,  there  can  be  no 
inconvenience  attempted  by  either,  but  will  be  understood  by 
one  of  the  other  two. 

GOVERN  OK,  a  contrivance  for  equalizing  the  motion  of 
mills  and  machinery.  When  any  part  of  the  machinery  of  a 
mill  is  suddenly  stopped,  or  suddenly  set  going,  and  the  mov- 
ing power  remains  the  same,  an  alteration  in  the  velocity  of 
the  mill  will  take  place;  and  it  will  move  faster  or  slower. 
Every  machine  having  a  certain  velocity  at  which  it  will  work 
to  more  advantage  than  at  any  other,  the  change  of  velocity 
arising  from  the  foregoing  cause,  is  in  all  cases  a  disadvantage, 
and  in  delicate  operations  exceedingly  hurtful.  In  a  eotton- 
mill,  for  instance,  which  is  calculated  to  move  the  spindles  at  a 
certain  rate,  if  from  any  cause  the  velocity  is  increased,  a  loss 
of  work  immediately  takes  place,  and  an  increase  of  waste 
f^om  the  breaking  of  threads,  &c. ;  on  the  other  hand,  there 
must  be  an  evident  loss  from  the  machinery  moving  slower 
than  is  necessary. 

In  steam-engines  this  evil  is  remedied  by  a  contrivance 
called  a  Governing  (see  the  Plate,  fig.  1.)  Two  balls  are  fixed 
to  the  ends  of  rods,  in  continual  revolution,  and  as  soon  as  the 
motion  becomes  a  little  too  rapid,  the  balls  rise  considerably, 
and,  by  the  intervention  of  a  lever,  act  upon  a  throttU-vahe, 
which  diminishes  the  quantity  of  steam  admitted,  and  of  coarse 
serves  to  make  the  motion  less  rapid. 

ne  Steam-engine  Governor, — I  K,  fig.  1»  represents  a  spin- 
dle kept  in  motion  by  the  engine;  A,  B,  tbe  centrifugal  bdls ; 
C  A,  and  C  B,  the  rods  which  suspend  the  balls.  These  rods 
cross  one  another,  and  pass  through  the  spindle  at  C,  where 
the  whole  are  connected  by  a  round  pin  put  through  the  spin- 
dle and  the  rods  at  C,  whicn  serves  as  the  point  of  suspension 
for  the  centrifugal  balls  or  revolving  pendulum.  A  part  of  the 
spindle  above  C,  is  square,  and  nicely  polished,  so  that  the 

Siece  of  brass,  M,  may  slide  easily  upon  it.  The  piece  of  brass 
I  is  round  on  the  outside,  and  has  an  external  groove  turned 
upon  the  upper  end  of  it  to  receive  the  lever  N  O,  whose  ful- 
mm  is  at  P.  This  piece  of  brass  is  connected  with  the  ball- 
rods  by  two  short  pieces  and  joints  D  E,  F  G.  The  constmctioa 
of  steam-engine  governors  sometimes  differs  a  little  from  that 
now  described ;  but  if  fliis  construction  be  understood,  there 
idll  be  no  difficulty  in  comprehending  any  other. 

OptfrcHcm.-' When  the  engine  goes  too  fast,  the  balls  fly  off 
from  the  spindle,  and  depress  the  end,  N,  of  the  lever,  whioh 
partly  shuts  the  throttle-valve,  and  diminishes  the  qaantitj  of 
steam  admitted  into  the  cylinder;  and,  on  the  other  hand, 
when  the  engine  goes  too  slow  the  balls  ^11  down  toward  the 
spindle,  and  elevate  the  end  N  of  the  lever,  which  partly 
opens  the  throttle-valve,  and  increases  the  quantity  of  steam  | 
admitted  into  the  cylinder. 


Governor  for  a  Wind^mill.^ln  a  wind.mill,  when  the  velodty 
is  increased  by  the  irregular  action  of  the  wind,  the  corn  is 
sometimes  forced  rapidly  through  the  mill  without  being  suA- 
ciently  ground.  There  is  a  contrivance  for  preventing  this, 
(similar  to  the  governor  of  a  steam-engine,  but  which  was 
much  eariier  in  use,)  and  called  in  some  parts  of  England  a  ^ 
tenter.  By  means  of  the  centrifugal  force  of  one  or  more  bans, 
which  fly  out  as  soon  as  the  velocity  is  augmented,  and  allow  a 
lever  to  rise  with  them,  the  upper  mill-stone  is  made  to 
descend,  and  bring  it  a  little  nearer  to  the  lower  one.  This 
machine,  savs  Dr.  Gregory,  is  curious,  and  might  perhaps  is 
other  cases  be  usefully  applied.  We  shall,  therefore,  describe 
two  constructions  on  the  same  principles. 

Firgt  Conttruction  of  Lift'tenien  for  Wind-milU. — This  ssa* 
chine,  and  part  of  the  stone-spindle  and  framing  with  which  it 
is  connected,  are  represented  in  Uie  Plate,  fig.  3.  To  the 
stone-spindle  there  are  fixed  four  arms  A,  A,  A,  A ;  and  then 
are  four  similar  arms  B,  B,  B,  B,  firmly  attached  to  the  boUow 
cylinder  G,  which  is  loose  on  the  spindle  F  G.  The  pendoloBs 
D,  D,  D,  D,  are  hung  above,  to  the  arms  A,  A,  A,  A,  and  throofeh 
holes  toward  their  lower  extremities  pass  the  arms  of  the  loose 
cylinder.  When  the  mill  is  at  rest,  the  pendulums  hang  ver- 
tically ;  but,  by  their  centrifugal  force,  when  the  mill  is  ia 
motion  they  hang  obliquely ;  and  that  obliquity  is  increased  ui 
proportion  to  the  velocity,  and  proportionately  raises  the  loose 
cylinder  C.  This  cylinder  C  acts  on  the  one  end  of  the  lever  B, 
which  has  a  connexion  with  the  clove  upon  whioh  the  bridge 
of  the  stone-spindle  rests,  and  accordingly  raises  or  depresses 
the  upper  mill-stone  in  proportion  as  the  wind  Mows  weak  or 
strong. 

^  Second  Constrtietion. — Another  modification  of  the  same  pris* 
ciple  (applied  above  the  miU-Honei^)  but  having  one  peodalaa 
only,  is  represented  by  ^.  4,  and  will  be  easily  nnderstood 
from  what  has  been  said  respecting  the  first  constmetion  of  fte 
old  lift-tenters. 

Water-wlteel  Governors, — Governors  are  sometimes  applied 
to  water-wheels,  and  made  on  various  constructions.  Smiths' 
bellows  have  been  applied  to  that  use,  the  upper  board  risisf 
or  falling  in  proportion  to  the  velocity  of  the  lower  board, 
which  received  its  motion  from  the  mill.  But  we  shall  describe 
a  construction  which  has  for  several  years  been  at  work  is 
Cartside  cotton-mill,  erected  under  the  direotion  of  the  late 
Robert  Burns,  Bsq. 

First  Construction, — The  principles  of  this  water-wheel 
governor  are  nearly  the  same  as  those  of  the  steam-eafise 
governor.  It  has  a  revolving  pendulum  which  receives  its 
motion  from  the  mill,  and  in  proportion  as  the  maehioery 
moves  faster  or  slower,  the  centrifugal  force  acts  open  the 
governor,  and  raises  or  depresses  an  iron  cross,  which,  actiif 
on  a  lever,  reverses  the  motion  by  the  wheel- work,  which  ope- 
rates npon  a  sluice  so  as  to  enlarge  or  lessen  the  passage  sf 
the  water  to  the  water-wheel ;  this  sluioe  is  made  on  the  pria- 
ciples  of  the  throttle-valve,  that  it  may  be  moved  by  a  smafl 
power.  So  long  as  the  machinery  is  moving  at  a  proper  veb- 
city,  this  wheel-work  of  the  sluice  apparatus  remains  at  rest. 
Fig.  5,  represents  different  Tiews  of  this  machine,  smd  sosm  of 
its  parts  detached.  The  same  letter  in  all  the  figures  refen  ts 
the  same  part.  The  revolving  pendulum  £  F  G  II«  receives  its 
motion  from  the  mill-work  by  means  of  a  rope  giving  motioB  to 
a  pulley  I.  The  upright  shaft  M  N,  is  kept  in  oonataat  metioB 
by  the  wheel-work  GPRS.  The  wheel  N  acts  oonatantly  late 
the  two  bevelled  wheels  T  and  U,  and  makes  thorn  Breve  ia 
contrary  directions.  They  are  loose  on  the  shaft  vHiea  tht 
mill  is  going  at  its  proper  speed.  But  if  the  mill  movea  dUka 
too  fast  or  too  slow,  the  one  of  these  wheels,  hy  meanf  of  a 
clutch  Q,  in  a  way  to  be  described,  is  eonneetod  with,  and 
carries  round,  the  lying  shaft  D  C,  and,  by  a  pair  of  hevcM 
wheels,  communicates  motion  to  the  obliaue  shafl  B  W;  whkfc 
again,  by  a  screw  X,  and  quadrant-wheel  T,  moves  the  slaice 
Z,  and,  by  making  it  stand  more  or  less  oblique,  alters  the  atta 
of  the  passage  for  the  water. 

From  inspecting  fig.  6,  No.  1,  it  will  appear  efideut  that  the 
box  a,  will  be  raised,  or  depressed,  in  proportion  as  the  balli 
£  and  F,  of  the  revolving  pendulum  £FGH,  are  removed  far- 
ther or  brought  nearer  to  the  centre  of  motion ;  for  when 
the  velocity  is  greatest,  the  balls  B  and  F^  by  their  ceatii- 
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fbfml  forcp,  will  extend  themselvei  farthe§t  fmin  tbe  centre  of 
motion,  and  riise  the  box  «.  See  also  fi|c.  6,  Nu.  2,  No.  3,  and 
No.  4.  To  tbe  box  «,  is  fixed  a  cross  be.  There  is  a  forked 
lever  dqe,  the  fulcrum  of  which  is  at/,  and  which  tarns  bori- 
■ontally.  This  forked  lever  has  four  pronf:s,  1,  2,  3,  4,  repre- 
sented distinctly  in  No.  3.  When  tbe  mill  is  at  its  proper 
speed,  the  cross  works  within  the  prongs  1  and  2 ;  in  this  situ- 
ation of  the  forked  lever,  tbe  clutch  Q  is  disen|^afted  from 
both  tbe  wheels  T  and  U,  and  they  move  on  their  bashes  with- 
oat  carr}ing  roond  the  lyins  shaft  See  No.  2.  Tbe  clutch  is 
made  to  slide  on  a  part  of  the  shaft  which  is  square.  When 
tlie  mill  moves  too  quick,  tbe  cross  gland  is  raised,  and,  in 
turning  round,  hits  tbe  prong  3,  which  immediately  causes  tbe 
lever  to  throw  tbe  clutch  into  the  arms  of  tbe  wheel  U.  This 
wheel  then  carries  the  clutch  and  shaft  round  with  it,  and  by 
the  means  already  described,  acts  on  the  sluice,  and  by  lessen- 
ing tbe  quantity  of  water  falling  on  the  wheel,  diminishes  its 
velocity.  On  the  other  band,  when  the  mill  goes  too  slow,  the 
cross  IS  depressed,  and,  striking  tbe  prong  4,  reverses  the 
motion  of  the  shaft,  and  so  produces  a  contrary  effect  on  tbe 
sloice.  Moreover,  the  train  of  wheel-work  is  so  calculated  as 
very  much  to  reduce  tbe  motion  at  the  sluice,  and  this  is  found 
from  experience  to  be  necessary.  Were  the  area  of  the  aper- 
ture too  suddenly  ohangcd,  tbe  effect  on  the  water-wheel  would 
be  too  violent.  Every  time  the  mill  is  stopped,  it  is  proper  to 
lift  tbe  wheel  R  out  of  gear.  The  centre  on  which  the  slnice 
turns  should  be  one-tliird  of  its  height  from  the  bottom,  in 
order  that  tbe  pressure  of  the  water  above  tbe  centre  may 
balance  that  below.  At  m  there  is  an  upright  shaft,  which  is 
worked  by  hand  when  required. 

Second  Catuirmeiiom  of  tko  Water-wketl  Governor. — Fig.  6,  re- 

csents  a  sluice  regulator  as  executed  in  some  parts  of  Eng- 
and.  It  differs  little  from  that  already  described,  only  that 
tbe  lying-shaft  A  B  receives  its  motion  immediately  from  the 
mill,  instead  of  from  the  axle  of  the  revolving  pendulum,  as  In 
tbe  first  construction.  From  having  so  minutely  described  that 
coostniction,  the  attentive  reader  will  find  no  difficulty  in  com- 
prehending fig.  6,  from  inspecting  tbe  Plate.  See  Bmekanmn't 
Etsmjfi  on  Mill  Work. 

GRACE,  in  Music,  either  in  vocal  or  instmmental  per- 
formances, consists  in  giving  due  place  to  tbe  decorative  addi- 
tions, and  that  easy,  smooth,  and  natural  expression  of  tbe 
passages  which  best  conveys  tbe  beauties  of  tbe  composition. 

GsACE,  D«y«  of  three  days  immediately  following  tbe  time 
of  payment  of  a  bill,  within  which  tbe  creditor  mast  protest  if 
payment  is  not  obtained,  in  order  to  entitle  him  to  recover  the 
amount  by  legal  proceedings  against  tbe  drawer,  acceptor, 
and  iudorser— one  or  all. 

GRACULA,  tbe  Grmkle,  a  genus  of  birds  of  the  order  piess. 
There  are  13  species,  of  which  we  idiall  notice  tbe  following : 
G.  kelegiosa,  or  tbe  minor  grakle,  is  of  the  site  of  tbe  black- 
bird, is  found  in  tbe  East  Indies,  is  rendered  familiar  with  tbe 
greatest  ease,  and  taught  to  speak  with  greater  facility  than 
even  tbe  parrot,  and  also  enounces  its  words  with  more  dis- 
tinctness. It  feeds  on  berries  and  fruits,  and  is  particolariy 
partial  to  cherries.  The  paradisva  tristia  is  rather  largei  than 
tbe  former,  and  inhabits  tbe  Philippine  islands.  It  is  exceed- 
iagly  roracioos,  and  has  been  known  to  swallow  a  young  rat 
■eariy  two  inches  long,  after  beating  it  against  tbe  wires  of  iu 
eaer  to  soften  it 

GRADUATE,  one  who  has  taken  a  degree  io  an  aaiversity. 

GRADVATION,  in  Mathematics,  tbe  act  of  graduating  or 
dividing  any  thing  into  degrees  or  eqpmX  parts. 

GRAFTING,  in  Gardening,  inserting  a  scion  or  shoot  of  a 
tree  into  another,  so  as  to  make  it  yield  fruit  of  tbe  same  nature 
with  that  of  tbe  tree  from  which  tbe  graft  was  taken.  The  ope- 
ration is  performed  in  tbe  following  manner :  cot  off  the  head 
of  tbe  stock  at  tbe  proper  height,  and  in  a  fair  part  of  tbe  bark, 
making  a  smooth  flat  top.  The  most  proper  sise  for  stocks  is 
frooi  half  an  inch  to  an  inch  in  diameter.  Dwarf  trees  are  to 
be  grafted  within  six  inches  of  the  ground,  and  standards  as 
bigb  as  tbe  stock  will  bear,  considering  whether  they  are  to 
be  half  or  full  standards.  The  scions  should  be  healthy  and 
strong,  and  taken  from  tbe  ootsides  of  fruitful  trees,  where  the 
joires  of  the  wood  have  been  properiy  digested  by  sun  and  air; 
tbcj  should  be  takea  from  trues  just  id  their  prime,  or  at  full 


bearing,  and  not  before.  Let  them  be  eut  two  or  three  weeks 
sooner  than  wanted.  The  middle  of  scions  is  fittest  for  tbe 
purpose  ;  but  do  not  cut  off  the  tops  till  they  are  brought  out 
to  graft,  for  they  keep  best  in  length.  Take  off  a  little  of  tbe 
lower  end  of  the  scion  first,  and  then  cut  it  in  length  so  as  to 
have  three  or  four  eyes  to  appear  above  the  claying.  The  time 
for  grafting  is  usually  from  mid-Febraary  to  mid-March ;  but 
in  a  forward  season  sooner,  and  in  a  backward  one  sonedmes 
later. 

Ciefi-profting  has  been  the  most  common  method.  Tbe 
stocks  for  this  mode  should  be  strong,  about  three-quarters 
of  an  inch  diameter,  or  more ;  but  it  may  be  used  wiffi  very 
voung  stocks,  having  scions  of  like  thickness.  Cut  off  the 
head,  so  as  to  have  (on  the  sunny  side)  a  smooth  part  iu  tbe 
stock,  where  the  scion  is  to  be  placed,  and  cutting  a  part  of 
the  stock  off  slopewise,  opposite  to  this  place,  leave  tbe  top  or 
the  crown  of  the  stock  about  half  an  inch  wide.  Then  eleave 
the  stock  with  a  strong  knife,  or  thin  sharp  chisel,  about  two 
inches  deep,  as  near  the  middle  as  possible,  so  as  not  to  divide 
tbe  pith,  and  if  any  roughness  appears  io  the  slit,  smooth  it  off 
with  a  penknife ;  but  something  of  the  wedge  kind  must  be  put 
into  tbe  slit  to  keep  it  open  to  receive  the  scion,  leaving  pro- 
per room  to  put  it  in.  Cut  the  scion  on  each  side  to  the  form 
of  a  wedge  at  bottom,  an  inch  or  more  long,  making  that  side 
which  is  to  be  placed  inwards  in  the  stock,  thinner  by  about 
one-third.  Put  tbe  scion  in,  so  that  its  bark  and  that  of  tbe 
stock  may  be  level ;  and,  consequently,  that  tbe  two  burke 
may  unite  and  run  into  each  other ;  for  on  this  one  principle 
depends  the  whole  art  of  grafting.  Tbe  ipaft  must  be  ulcelj 
whipped  roond  with  wet  bass  pulled  tight,  and  tbe  whole 
clayed  over  to  an  inch  above,  and  half  an  inch  below,  smootb- 
ing  it  off  taper  with  a  trowel  or  knife  dipped  in  water. 

Wkip^rmfting  has  the  advantage  of  cleft-gr'fting  la  neat- 
ness, and  not  requiring  the  stocks  to  be  so  old  b^  a  vear  or 
two,  as  very  small  ones  will  do;  for  the  stock  is  directly 
covered  by  the  scion,  and  it  takes  with  certainly  if  properiy 
performed.  Having  cut  the  head  of  the  stock  off,  ana  the 
scion  to  its  proper  length,  slope  the  lower  end  of  the  seion 
about  an  inch  and  a  half,  and  to  a  point :  then  cut  the  stock  to 
answer  it,  bark  against  bark,  and  tie  them  together  exactly  to 
their  place,  and  clav  it. 

Grafting  in  the  hark,  or  erornn-^o/hmg.  Is  a  good  waj  both 
for  ease  of  operation  and  certainty  of  suceess;  but  it  wiO 
hardly  suit  any  other  frnit  than  apples  or  pears.  The  head 
being  cut  off,  make  a  straight  slit  down  and  through  the  bark 
from  the  top,  at  tbe  place  destined  for  the  graft,  neariy  as  long 
as  the  slope  cut  off  the  scion,  which  may  be  one  and  a  half  or 
two  iaebes.  Loosen  tbe  bark  a  little  at  the  top  of  the  score, 
and  then  with  some  smooth  instrument  of  dry  hard  wood, 
ivory,  bone,  or  silver,  rather  than  iron  or  steel,  open  the  bark 
snficiently  to  receive  the  scion.  This  instrument  should  be 
thin,  tapered,  and  rounded  towards  the  point,  to  suit  the  shape 
of  the  scion's  face :  one  side  of  it  flat,  and  the  other  a  little 
convex,  the  flat  side  being  applied  to  the  wood  of  the  stock; 
let  it  be  rather  narrower  than  the  scion,  that  it  may  not  loosen 
the  bark  too  wide.  Cot  a  bit  of  tbe  bark  of  the  seion  smooth 
off  at  the  bottom,  that  it  may  not  turn  up  in  pushing  down.  It 
will  be  proper  to  cut  the  scioo  vrith  a  small  shoulder,  to  rest 
upon  the  stock,  score  the  hark  on  each  side  tbe  scion,  so  that 
it  may  fall  close  to  the  stock,  and  to  the  edges  of  tbe  scioo. 
Bind  and  clay.  This  way  of  grafting  is  used  most  properiy  with 
strong  stocks ;  and  sometimes  is  applied  to  lai^e  branebee, 
and  even  uunks  of  old  trees,  to  change  the  sorts  or  renew  tbe 
wood. 

Side-prafiimf  is  done  in  the  bark,  much  like  inoculation,  U 
scion  being  inserted  instead  of  a  bed ;  but  there  must  be  e 
fluent  sap  flrst,  i.  t,  the  bark  must  part  readily  f^m  the  wood 
before  this  mode  of  grafting  is  attempted.  The  bead  of  tbe 
stock  is  not  to  be  cut  off.  only  thinned  a  little  if  it  is  too  taigu 
and  the  side  shoou  taken  away.  The  bark  of  the  stoek.  where 
the  insertion  of  the  scion  is  to  be,  must  be  cot  through  in  the 
form  of  tbe  letter  T,  as  wide  and  as  long  as  is  sufldent  to 
reeeive  the  sdon.  cut  as  before,  with  a  slope  faee  oT  at  least  an 
inch  long,  taking  advantage  (if  It  may  be)  of  a  part  of  tbe 
stock  that  b  a  little  gibbous.  Let  the  bark  of  the  stock  be 
aeaUy  raised  ID  reeeive  it,  but  yet  no  more  than  necessary ;  a 
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little  bit  of  the  bark  may  be  sliced  off  the  part  that  is  otot  the 
oross  cat,  to  receive  the  scion  the  better. 

Ajtfnmeh-grn^ting,  or  Inarching ,  is  performed  in  April  or 
May.    When  the  stock  we  would  grraft,  and  the  tree  we  would 

Sropagate,  f^row  near  together,  bend  the  best-sitnated  young 
ranch  of  the  tree  or  shrub  to  be  propagated,  to  the  stock  to 
be  grafted,  and  hating  determined  on  the  part  at  which  most 
conveniently  to  fix  the  shoot,  cut  the  bark  of  that  part  of  the 
shoot  off,  with  nearly  half  the  wood  (not  to  touch  the  pith)  to 
the  length  of  about  three  inches  for  a  strong  branch,  or  less  for 
a  weaker.  Then  cut  exactly  so  much  of  the  bark  and  branch 
of  the  stock  off,  as  will  receive  the  cut  part  of  the  branch  or 
shoot,  so  as  to  bring  bark  and  bark  in  contact  in  every  part, 
and  if  the  contrivance  of  lipping  is  used,  it  will  secure  them 
better  together.  Bind  and  clay,  and  tie  the  work  so  that  the 
wind  may  have  no  power  over  it. 

Buddinp,  or  Inoculation^  is  the  most  considerable  mode  of 
propagation.  It  is  performed  as  soon  as  good  shoots  with 
good  eyes  of  the  present  year  can  be  had,  so  that  the  season 
may  be  reckoned  from  mid-June  to  mid-August.  Peaches  and 
nectarines  are  propagated  on  plum-stocks.  Plums  and  cher- 
ries may  be  inoculated  on  sucker  stocks  of  any  kind.  Pears, 
if  for  standards,  should  be  inoculated  on  pear-stooks,  and  on 
those  raised  from  seed  rather  than  suckers ;  but  if  for  dwarfs, 
quince-stocks  may  be  best  used,  to  keep  the  trees  from  grow- 
ing off  too  fast.  Let  the  scions  for  inoculation  be  taken  only 
from  the  outside  branches  of  healthy  and  fruitful  trees,  but  the 
bods  must  not  be  cut  from  the  upper  part  of  the  scions.  Before 
the  buds  are  prepared,  get  the  stock  ready  to  receive  them,  by 
taking  off  lateral  shoots,  leaving  an  uncut  single  stem.  At  the 
part  fixed  on  for  the  inoculation  (which  should  be  smooth,  and 
rather  on  the  north  side)  cut  the  bark  through  to  the  wood  in 
form  thus,  T,  the  cross  and  the  down-slit  being  of  the  length 
necessary  to  take  in  the  bud,  which  may  be  cut  with  from  one 
to  two  inches  of  bark ;  putting  the  point  of  a  knife  (or  some 
other  instrument,  rather  not  of  iron  or  steel)  into  the  top  of  the 
down-cut  of  the  stock,  raise  the  bark  all  the  way  to  the  bottom, 
•o  that  it  will  just  receive  the  bud  easily.  There  are  knives 
made  on  purpose  for  budding,  with  flat  ivory  hafts.  To  pro- 
cure proper  buds,  put  your  knife  in  (suppose)  about  three- 
fourths  of  an  inch  above  the  eye,  and  with  a  slope  downwards 
cut  the  scion  half  through,  then  do  it  at  the  same  distance 
below  the  eye,  and  sloping  it  upwards  cut  up  the  middle  of  the 
wood,  till  the  knife  meets  the  upper  incisions,  so  the  eye,  or 
bud,  vrill  be  directly  in  the  middle.  Then  separate  the  wood 
from  the  bark,  which  is  to  be  done  thus :  with  your  nail,  or  the 
point  of  a  knife,  loosen  the  bark  at  the  top,  and  strip  it  from 
the  wood ;  or  rather  with  a  swan  or  large  goose  quill,  made  in 
the  form  of  an  apple-scoop,  (having  a  regular  smooth  edge,)  push 
it  down  between  the  bark  and  wood,  pressing  it  against  the 
wood.  Examine  the  inside  of  the  bark,  and  if  there  is  a  cavity 
just  behind  the  eye  or  bud,  it  is  good  for  nothing.  The  leaf 
that  grows  by  the  eye  is  to  be  cut  down  to  near  its  footstalk. 
See  that  the  bark  of  the  stock  is  loosened  a  proper  length  and 
breadth,  and  if,  when  the  bud  is  put  in,  it  should  prove  a  little 
too  long,  cut  the  spare  part  off;  so  that  the  top  of  the  bud 
being  squared,  falls  in  straight  with  the  cross  cut  of  the  stock. 
Thus  fixed,  bind  it  moderately  tight  in  its  place  with  wet  bass, 
beginning  at  the  bottom,  and  passing  by  the  bud,  go  on  to  the 
top,  or  rather  above  it.  Care  must  be  taken  that  the  bud  is 
not  hurt,  and  it  is  to  be  left  only  just  starting  out  between  the 
bass.  If  the  buds  have  taken,  it  will  be  seen  in  about  three 
weeks  or  a  month,  by  their  appearing  fresh  and  plump.  As 
often  as  any  shoots  appear  below  the  budding,  cut  them  off, 
•nd  also  some  of  the  shoots  above,  if  there  are  many  of  them : 
Ibr  it  is  not  proper  tiiat  an  inoculated  stock  should  have  a 
large  head.  In  a  month  loosen  the  bandage,  by  taking  it  off, 
•nd  putting  it  on  gently  again  for  another  month.  In  March, 
cot  the  head  of  the  stock  off  with  a  keen  knife,  close  behind 
the  budding,  in  a  sloping  direction,'^  Watkins*t  Cyclopadia. 

GRAIN,  the  name  of  a  small  weight,  the  20th  part  of  a 
scruple  in  apothecaries'  weight,  and  the  24th  of  a  pennyweight 
troy.  A  grain-weight  of  gold-bullion  u  worUi  about  two-pence, 
and  that  of  silver  half  a  farthing. 

Grain  also  denotes  the  compooeDt  particles  of  stones  and 
metalsy  the  veins  of  wood,  &c 


Grain  and  Seeds  are  composed  chiefly  of  starch  or  eoafs- 
lated  mucilage,  generally  combined  with  gluten,  oil,  or  alba* 
minous  matter ;  in  corn  with  gluten,  in  peas,  and  beans  with 
albuminous  matter,  and  in  rapeseed,  hempseed,  lioseed,  and 
the  kernels  of  most  nuts,  with  oils.  Sir  H.  Davy  found  in  109 
parts  of  wheat  sown  in  autumn,  of  starch,  77  ;  of  gloten,  19. 
In  100  parts  of  wheat  sown  in  spring,  of  starch,  70 ;  of  giotea, 
24.  In  100  parts  of  Barbary  wheat,  of  starch,  74  ;  of  glatea, 
23.   In  100  parts  of  Sicilian  wheat,  of  starch,  76 ;  of  glaten,SL 

GRALLJB,  in  Ornithology,  is  an  order  of  birds  in  the  Lia- 
naean  system,  which  includes  20  genera,  «i>.  the  pbaBniooptoas, 
platalea,  palamedea,  mycteria,  tantalus,  ardea,  corrira,  reear- 
virostra,  scolopax,  tringa,  fulica,  parra,  vaginalia,  psof^a, 
cancroma,  rail  us,  scopus,  glareola,  hasmatopos,  and  eha- 
radrius. 

GRAMMAR,  is  the  art  of  speaking  and  writing  a  language 
correctly ;  and  the  purpose  of  language  is  to  commimicate  oar 
thoughts. 

In  English  there  are  ten  parts  of  speech,  namely,  the  aoaa. 
the  article,  the  adjective,  the  pronoun,  the  verb,  the  participle, 
the  adverb,  the  preposition,  the  conjunction,  and  the  inter- 
jection. 

A  notm,  or,  as  it  is  sometimes  called,  a  substantive,  b  tbt 
name  of  any  person,  place,  or  thing,  as  James^  Lamdam^  U^ 
leisure. 

An  article  is  a  word  prefixed  to  nouns,  to  point  them  out, 
and  to  shew  how  far  their  signification  extends. 

The  articles  are  a,  an,  the ;  the  is  definite ;  a  and  em  indefi- 
nite :  thus,  we  say  the  houte^  when  we  mean  any  particalar 
house  ;  a  house^  when  we  refer  to  one  generally. 

A  noun  may  be  known  by  taking  an  article  before  h,  as  « 
booh,  an  owl,  the  moon;  or  by  its  making  sense  of  itself,  as 
virtue,  poverty,  wealth. 

Noons  are  either  oroper  or  comiium  .'—proper  noons  are  the 
the  names  appropriated  to  individuals,  as  CkarUs^  Perk, 
Thames ;  and  common  nouns  denote  the  species  of  tilings,  as  « 
man,  a  city,  a  river ;  thus  Parie  is  a  proper  noun,  l>etng  a 
appropriated  to  a  particalar  city ;  but  city  is  a  common 
as  understood  of  any  city. 

All  nouns  are  of  the  third  person  when  spoken  of,  and  of  Ik 
second  when  spoken  to,  Examples.  The  men  run ;  trees  an 
green ;  here  men  and  trees  are  spoken  of,  and  are  of  the  thtid 
person : — men  and  citizens,  listen  to  my  words  ;  in  this  case  mn 
and  citizen*  are  spoken  to,  and  are  of  the  second  person. 

To  nouns  belong  person,  gender,  number,  and  case. 

Gender  is  the  distinction  of  nouns  with  regard  to  sex ;  there 
are  three  genders,  the  masculine,  feminine,  and  neater.  The 
masculine  gender  denotes  animals  of  the  male  kind,  as  tLwua,e 
horse,  a  InUl,  The  feminine  gender  indicates  animals  that  sre 
females,  as  woman,  cow,  mare.  But  the  neuter  render  sigoifiefl 
objects  neither  male  nor  female,  as  pen,  paper,  book. 

Number,  There  are  two  numbers  belonging  to  nouns,  ^ 
singular  and  the  pluraL  The  singular  is  used  to  expicss  ear 
object ;  and  the  plural  is  used  when  two  or  more  are  to  be 
expressed. 

The  plural  is  generally  formed,  (I.)  By  adding  #  to  thesia- 
gular,  as  river,  rivers,  (2.)  By  adding  es  when  the  siagalv 
ends  ch,  s,  sh,  x,  and  z,  as  church,  churches  ;  kiss^  kisses ;  ksk 
lashes:  fox,  foxes.  ^3.)  By  changing  the  terminations  of  wmm 
ending  in  /  or  fe  into  ves,  as  calf,  calves ;  knife,  knhee,  (4.) 
When  nouns  end  in  y,  the  plural  is  formed  by  changing  y  into 
ies,  M  fly,  flies. 

There  are  many  exceptions  to  these  general  roles*  as  at. 
oxen;  muff,  muffs;  chief,  chiefs;  hey,  keys;  goast^  fetse ;  fsst, 
feet,  &c. 

Some  nouns  admit  of  a  singular  termination  only,  as  idkat, 
steel,  sloth :  some  have  the  plural  termination  only,  as  beOems. 
scissars,  ashes ;  and  in  some  nouns  the  singular  sind  plaral  sie 
the  same,  as  deer,  sheep,  &c. 

Case  is  the  variation  of  nouns,  serving  to  express  the  diief- 
ent  relations  they  bear  to  each  other. 

English  nouns  have  three  cases,  the  aomtnaltse,  ihtpmsesmte, 
and  the  objective.  ^  _*z^ 

The  nominative  expresses  the  name  of  a  thing*  on  the  smjsit 
of  the  verb ;  as  the  boy  runs. 

The  possessive  denotes  property  or  possesaioii,  and  is  fonMS 
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by  adding  #  to  the  noiiiinative,  with  an  apostrophe  before  it, 
a«  Solomon's  wisdom^  the  cow**  criu.  When  the  noun  enda  in  s, 
ibe  apostrophe  only  if  added,  as  the  Staiianers*  arms. 

The  ohjective  case  denotes  the  object  of  an  active  vcrh,  or  of  a 
proposition;  as,  Charles  teaches  James;  Charles  and  James 
live  in  London.        Nouns  are  declined  thus : 

yominativM.     Man.    '^  Men.    "^ 

Possessive*       MaM*B,> Singular,        Men's,  f  P/vra/. 
Ohjective.        Man.    j  Men.    j 

Tlie  nominative  and  objective  are  spelt  alike;  hut  in  a  sen- 
fence  the  nominative  comes  before  the  verb,  and  the  ohjeelivc 
after  a  verb  active,  or  proposition. 

Adjectives,  An  adjective  is  a  vrord  added  to  a  suhstnntive, 
to  denote  its  ouality,  or  property,  as  white  paper,  black  ink, 
ffreen  (Trass.  Adjectives  cbsoKe  thi'ir  terminations  to  auf^nient 
or  diminish  the  qaality  of  the  noun ;  and  the.^e  changes  are 
railed  decrees  of  comjHtrisan,  There  are  three  deforces  of  com- 
parison, the  positive,  ai  BRAVE;  the  comparative^  as  bravlr  ; 
and  the  superlative,  as  bravest. 

Tlie  positive  ischaiifced  intf»  the  comparative  by  the  addition 
of  r,  or  er ;  as  wise,  wiser ;  hard,  hardrr ;  and  into  the  superU" 
fire  by  adding;  st  or  est ;  as  wise,  wisest ;  hard,  hardest. 

The  words  more  and  most,  placed  In^fore  an  adjective,  have 
the  same  eifect,  as  more  wise,  most  wise. 

Monos}fUaUes  are,  for  the  mofit  part,  compared  hy  er  and 
ett ;  as  hard,  harder, hat'dest ;  and  dissyllables  b}  more  and  most; 
as  modest,  more  modest,  most  modest. 

Some  adjectives  are  compared  very  irregularly,  as 


Cfood,         better,        best. 
Little,         less,  least. 


Many, 
Bad, 


more, 
worse. 


most, 
worst. 


8ome  comparatives  form  the  superlative  by  addinic  most,  as 

/vre.  former, foremost ;  up,  upper,  uppermost;  and  some  adjee- 

ti\  rs  have  onfv  two  de^^rees  of  comparison,  as  under,  undermost. 

Pronouns.  A  pronoun  is  a  word  used  as  a  substitute  for  a 
noun,  and  there  are  three  sorts  of  pronouns;  the  PhRSONAL, 
ns  /.  thou,  Ac  ;  we,  ycttkey:  the  RELATIVF.,  ns  who.  which,  what ; 
no'l  the  ADJIXTIVB,  as  some,  othrr,  any,  one.  all^  snch. 

The  third  persons  singular  of  the  personal  pronouns,  he.  she, 
and  it,  admit  of  icender ;  and  pronouns,  like  nouns,  have  three 
rnses,  the  nominative,  possrs.Hive.  and  objective.  They  are 
nit>.4tly  different  from  each  other. 

Singular. 
I. 


First  person. 


Second  person. 


Third  person. 


Aom. 

Poss. 

Obj. 

Aowi. 

Poss, 

Ohj. 

yom. 

Puts. 

Obj. 


Mine. 

Me. 

Thou. 

Thine. 

Thee. 


Plnrtl. 

We 

Ours. 

Is. 

Y«-  or  you. 

Yours. 

You, 


lie,  she.  it.    *)».       ... 
Hi;,hers,its.ST'»f>-^'*^'"' 
Him,  her,  it.  5      ^'*''*"- 


In  pronouns  the  first  persoa  is  the  speaher  ;  the  second  is  the 
person  spt*hen  to ;  and  the  third  is  the  person  spohen  of. 

Relative  pronouns  are  such  as  ri'late  to  some  word  or  phrase 
icotna  before,  which  is  called  the  antecedent ;  these  are.  who, 
vAm-A,  and  that.  Who  is  applied  to  persons,  which  to  animals 
and  inanimate  things.  That  is  applied  both  to  persons  and 
tliio^s. 

%yhat  is  a  compound  retitive,  and  is  equivalent  to  that  which. 
••  This  is  what  I  wished,*'  that  is, «'  the  thinjc  which  I  wished/* 

Who,  which,  what,  are  called  interro^tives,  when  used  in 
askiDff  questions.  The  cases  of  who  are,  Norn.  Who.  Poss. 
WAmsa     Obj.  M'hom. 

Adjective  pronouns  are  either  possessive,  distributive,  de- 
moastrative,  or  indefinite. 

The  possessive  are  those  that  relate  to  possession,  or  pro- 
perty :  these  are  my,  thy,  his,  her,  our,  your,  thtir. 

The  dtiiributire  pronouns  are  those  which  denote  the  persons 
or  thin|(s  that  make  up  a  number,  as  taken  separately  and 
•incif :  these  are  rarA,  every,  either. 

The  dem&nstratirc  pronouns  are  those  which  point  ont  the 
sabjeets  to  which  they  helonc :  as  this  and  that ;  these  and  f Aeje. 

Tke  indejinite  are  those  which  express  their  subjects  in  an 
fsdefinite  or  general  manner,  as  some,  other,  any,  one,  all,  such* 

TAe  Verb.  A  verb  is  a  word  that  expresses  action,  passion, 
0mferm9,  or  a  state  ofheimy,  at  /  wrire,  I  «iii  keaten,  lam.  And 
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f  erbs  are  either  aefiv/»  rrsiuiltves,  as  /  di^  the  yruund,  or  nent* . . 
as  /  run,  or  auxiliary,  as  /  am. 

A  verb  transitive  supposes  a  person  or  thinp:  that  acts,  and  a 
person  or  thiufr  that  is  affected  by  the  aetion ;  thus,  I  dig  the 
yrtmnd,  there  is  the  person  a  ho  aets,  and  the  icround  acted  U|>on. 

The  person  or  thinj:  that  aets  is  called  the  ayent,  and  the 
person  or  thing  acted  upon  is  called  the  object ;  as  when  we  say. 
.'{lerander  conquered  Darius;  Alexander  is  the  agent,  and 
Darius  the  object. 

A  verb  transitive  supposes  an  agent  and  an  object:— a  verb 
intransitive  implies  an  agent,  and  has  no  object,  as  /  ir«/A ,-  but 
it  may  be  followed  by  a  noun  of  the  ranie  signilicalion,  a< 
/  run  a  race* 

To  find  the  accent  of  a  transiti\e  verb,  we  ask  the  question. 
irA(»,  or  what,  before  the  verb  ;  as  Who  coni|uere<l  Darius  ^ 
answer,  Alexander,  the  acrent.  To  find  the  ohject,  yon  ask  the 
question.  Whom  did  Alexander  conquer  f  answer,  Darius,  the 
object. 

The  radical  form  of  verbs,  or  that  from  which  nil  the  modifi- 
cations of  them  are  derived,  is  that  in  a  Inch  they  follow  the 
particle  to ;  as  to  lore,  to  run. 

The  auxiliary,  or  connecting  verbs,  are,  am,  are,  br,  become,  is, 
was,  were  ;  and  they  serve  to  connect  qualities  with  their  sub- 
jects, or  are  used  in  conjunction  a  ith  othrr  verbs ;  as  7  «m  cold  ; 
John  and  James  are  yoiny  to  London  ;  (wod  is  good. 

The  person  or  thing  preceding  a  connectinc:  verb  is  ealled  the 
ntbject,  and  a  quality  or  thing  coming  after  it  is  called  the 
predicate. 

The  properties  of  verbs  are  mood,  tense,  numlter.  and  person. 

Mood  expresses  the  sense  of  the  ^crh,  and  there  are  fuur 
moods,  the  indicative,  imperative,  subjuneiire,  and  infinitive. 

The  indicative  merely  declares  a  thing,  as  i  walh  ;  does  ha  ualK* 

The  imperative  expresses  a  command,  bee.  as  rim  into  the 
village  ;  copy  this  writing. 

The  subjunviirv  expresses  a  thins  conditionally,  and  is  pre- 
ceded by  n  ciinjunction :  /  ic*i7/  Ivre  him.  Ihovf/h  he  reprove  me. 
Were  he  more  hind,  he  would  be  more  amiable;  that  is,  ifht  were 
more  kind.  &c. 

The  infinite  mood  is  preceded  by  the  preposition  to,  and  is 
not  limited  by  person  or  number;  as  to  att,  to  run,  to  be  loved. 

The  trnsfs  mark  the  division  of  tim*' ;  they  are,  (I.)  The 
prcseut.  exprcNsing  the  time  now:  (*2.)  The  perfect,  expressing 
time  past:  (3.)  The  future,  expressing  time  to  come. 

In  verbs  there  are  two  numbers,  singular  and  plural,  and 
i  lArrr  pertonjt,  vis.  first,  second,  and  tliird,  siniruiar  and  plural, 
answering  to  the  pronouns,  I,  thau,  he ;  ue,  ye  or  you,  they. 

All  words  whatever,  except  /,  lAoa,  we,  ye  or  you,  are  of  the 
third  person. 

The  second  person  of  the  present  tense,  indicative  mood,  is 
formed  by  adding  st  or  est,  to  the  first  person,  as  love,  love^f  ; 
walk,  walkfs/,  according  as  the  verb  has,  or  has  not,  the  final 
e.  In  the  plural  number  there  is  no  change;  as  K-e  lore;  ye  or 
you  love  :  they  love. 

The  third  person  is  formed  by  adding  to  the  first  th  or  eih  . 
as  love,  lovelA  ;  walk,  walkrM  ;  but  th  or  eth  is  often  changed 
to  s,  as  be  loveth  or  hives  :  he  walketh  or  walks. 

The  first  and  third  persons  of  the  perfect  tr-nse  are  formed  b> 
adding  ^or  ed,  to  tin*  first  persoa  ol  the  present,  according  as 
the  verb  has  or  has  not  the  final  e  :  as  love,  loif#f :  a  sik,  walk^f/. 

The  second  person  is  formed  by  adding  est  to  the  first  per- 
son, which  is  usually  changed   into  st,  as  lor^,  loptdst.    The 
future  tense  is  known  by  the  sign  shall  or  will;  as  /  thall  com- 
plrte  this  work.     /  mil  complete  it. 

The  imperative  mo(»d  has  only  two  persons,  the  second  and 
third,  singular  or  plural,  and  let  is  its  sisn.  The  subjunctire 
mood  has  only  two  tenses,  the  pretmt  and  past,  and  its  licnn 
are  may,  can,  miyht,  could,  would.  *houUi,  The  infinitive  moft  1 
has  two  tenses,  the  piesent,  as  to  m-rite,  and  the  past,  to  hme 
written,  without  either  nnmber  or  t>erson. 

Participles  arecertain  forans  of  the  verb,  and  are  sK  called 
from  participating  tlie  active  ;irm»ern>i  of  verbs,  and  the /or  ma 
and  emufracfimi  of  adjectives.  They  are  the  preaeat,  and  the 
past  or  perfect. 

The  present  participle  is  fomod  by  adding  ing  to  the  verb. 
as  walk,  wralkin^:  if  tha  verb  end  in  e,  the  •  is  dropt.  as  love, 
loviH9 ;  make,  makuijr  ;  be  makes  being,  and  dye,  dyeing. 
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The  perfect  participle  is  formed  by  adding:  d  or  ed  to  the 
veib,  as  love,  \osed ;  walk,  walk«</.  Bat  there  are  many  excep- 
tions, as  write,  written ;  draw,  drawn  ;  bind,  bound,  &c. 

The  perfect  tense,  and  perfect  participle  of  verbs,  baying 
only  one  syllable,  and  ending  in  d  or  f,  are  the  same  as  the 
present ;  as  read,  read,  having  read ;  hurt,  hurt,  having  hurt. 

In  verbs  ending  in  d,  preceded  by  a  diphthong,  one  of  the 
vowels  is  dropped  in  the  perfect  tense  and  perfect  participle ; 
as  bleed,  bled,  having  bled  ;  feed,  fed,  having  fed. 
.  In  verbs  ending  in  ing  and  ch,  the  perfect  tense  and  perfect 
participle  cuds  mght;  as  bring,  brought;  teach,  taoght. 

Many  verbs  have  the  perfect  tense  and  perfect  participle 
ending  \nt\  as  dwell,  dwelt ;  leave,  left ;  pass,  past 

Auxiliary  verbs  are  used  with  other  verbs  to  ascertain  the 
time  and  other  circumstances  of  an  action  with  greater  preci- 
sion ;  and  in  forming  the  tenses,  the  change  of  termination  is 
Confined  to  the  auxiliary,  as  I  db  love ;  thou  doit  love  ;  he  doth 
love,  &c.     I  am  loving,  thou  art  loving. 

An  adverb  is  a  part  of  speech  joined  to  a  verb,  an  adjective, 
and  sometimes  to  another  adverb,  to  express  some  quality  or 
circumstance  respecting  it ;  as  he  writes  well^  a  truly  benevo- 
lent roan ;  he  fought  very  bravely. 

Some  adverbs  admit  of  comparison ;  as  soon,  sooner,  soonest ; 
and  those  ending  in  ly  are  compared  by  the  words  more  and 
vMit,  as  godly,  more  godly,  most  godly. 

Prepositions  express  the  relation  that  one  word  has  to 
another ;  as  he  went  to  Cambridge.  He  walked /rom  London 
to  York  tn  four  days.    They  are  supported  by  industry. 

Conjunctions  join  words  and  sentences  together,  and  shew 
the  manner  of  their  dependence  upon  one  another ;  as  John 
and  James  live  in  the  country.  I  will  run  if  yon  wish  it.  Con- 
junctions are  either  conjunctive,  as  and^  or  disjunctive,  as  or. 

Interjections  are  broken  or  imperfect  words,  denoting  some 
emotion  or  passion  of  the  mind ;  as  alas !  I  dread  to  hear  the 
news.    Oh  !  how  anxious  I  am ! 

Syntax  treats  of  the  agreement  and  connexion  of  words  in  a 
sentence.  A  sentence  is  an  assemblage  of  words  forming  a 
complete  sense :  the  principal  parts  of  which  are,  the  subject, 
the  attribute,  and  the  object  The  subject  is  the  thing  chiefly 
spoken  of;  the  attrUmte  is  the  thing  or  action  afifirmed  or 
denied  of  it ;  and  the  object  is  the  thing  afl'ected  by  such  action ; 
as,  '*  Alexander  pursued  Darius ;"  Alexander  is  the  subject ; 
pursued,  the  attribute ;  Darius,  the  object.  The  subject  is  the 
nominative  to  the  verb,  and  usually  goes  before  it ;  and  the 
word  or  phrase  denoting  the  object  follows  the  verb.  **  A  pru- 
dent  man  restrains  his  passions :"  in  this  case,  **  A  prudent 
man,"  is  the  subject ;  **  restrains/'  the  attribute ;  *'  his  pas- 
sions," the  object 

Syntax  consists,  (1.)  Of  concord^  which  is  the  agreement  of 
one  word  with  another,  in  gender,  case,  and  number.  (2.)  Of 
yovemmentf  which  is  the  power  which  one  part  of  speech  has 
over  another  in  directing  its  mood,  tense,  or  case. 

A  verb  must  agree  with  its  nominative  case  in  number  and 
person ;  as,  <<  I  learn ;"  **  thou  walkest ;"  **  the  man  runs." 
^  Two  or  more  nouns  singular,  joined  together  with  a  conjunc- 
tion copulative^  have  verbs  and  pronouns  agreeing  with  them  in 
the  plural ;  as,  <<  Cicero  and  I  are  well ;"  but  if  the  conjunction 
be  disjunctive,  the  verb  will  be  singular,  as,  '<  Thomas  or  John 
hopes  to  be  at  home." 

A  noun  of  multitude  may  sometimes  have  a  verb  or  pronoun 
agreeing  with  it,  either  in  the  singular  or  plural  number,  as, 
''  the  multitude  eagerly  pursue  their  pleasures ;"  or,  '*  the  mul- 
titude eagerly  pursues  its  pleasures." 

Pronouns  must  always  agree  with  their  antecedents,  and  the 
nouns  for  which  they  stand,  in  gender  and  number;  as,  <'  The 
man  wham  I  respect"  "  This  is  the  flower  which  I  admire." 
**  The  boys  and  {^ris  enjoy  their  play." 

When  no  nominative  case  comes  between  the  relative  and 
the  verb,  the  relative  is  the  nominative  ;  as,  **  The  friends  who 
walked  vrith  as.'' — When  a  nominative  comes  between  the  rela- 
tive and  the  verb,  the  relative  is  governed  by  some  other  verb ; 
as,  *'  to  whom  I  owe  m}r  being ;"  here  the  relative  whom  is 
governed  by  the  preposition  to. 

Every  adjective  belongs  to  a  substantive  expressed  or  under-* 
stood  ;  as,  " Few  are  really  happy,"  that  i8,fewp9noms.  ''This 
h  a  beautiful  plant,"  that  is,  this  plant  is,  &c. 


The  article  a  or  an  agrees  with  the  singular  nomis  only ;  bvt 
the  article  the  may  agree  with  singular  or  plaral  nouns ;  as, 
"  the  field,"  "  the  fields." 

One  substantive  governs  another,  signifying  a  differeiit 
thing  in  the  possessive  case ;  as,  **  My  brother's  lu^rse.** 

Transitive  verbs  govern  the  objective  case  ;  as,  **  The  master 
instructs  me  or  him,"  '*  A  good  cause  supports  us  or  them,"  | 

One  verb  governs  another  in  the  infinitive  mood ;  as,  '*  I  am 
ready  to  aiuwer  him,  or  her." 

Participles  govern  the  same  eases  as  the  verbs  from  which 
they  are  derived ;  as,  '*  his  friend  is  weary  in  oHmonishing  htm." 

Adverbs  are  for  the  most  part  placed  before  adjectives,  after 
transitive  or  intransitive  verbs,  (and  frequently  between  the 
auxiliary  and  the  verb ;  as,  *'  He  spoke  a  very  long'  time,  and 
was  attentively  heard  by  all  the  company." 

Two  negatives  destroy  one  another;  as,  *'  His  manner  is  wst 
ungraceful ;"  that  is,  *'  He  has  a  graceful  manner." 

Prepositions  govern  the  objective  case ;  as,  **  He  spoke 
well  of  her."  "  I  ran  by  her,  or  him,"    **  They  will  come  f  us,** 

Conjunctions  connect  the  same  moods  and  tenses  of  verbs, 
and  cases  of  nouns  and  pronouns ;  as,  ''  The  friend  praised 
and  rewarded  us."  '*  The  master  reproved  him  and  mm  and  Afr." 

Conjunctions  that  are  of  a  positive  nature  require  the  indi- 
cative mood;  as,  *'  He  is  healthy  because  he  is  temperate:" bet 
those  that  imply  something  doubtful  require  the  sobjonctive 
mood,  as,  '*  J/ 1  were  to  admonish  him,  he  would  not  attend.* 

When  the  qualities  of  different  things  are  compared,  the 
latter  noun  or  pronoun  agrees  with  the  \erb,  or  i^  governed  by 
the  verb  or  the  preposition  expressed  or  understood ;  as,  **  Ton 
walk  faster  than  I,"  that  is,  "  than  I  walk."  "  They  were  more 
fortunate  than  we,"  that  is,  "  than  we  were."  "  He  loved  her 
more  than  me,"  that  is,  **  more  than  he  loved  me."  **  It  is 
better  expressed  by  him  than  her,"  that  is,  *'  than  by  her.* 

GRAMME,  the  unit  in  French  weights.  It  is  the  weight  of 
one-hundredth  part  of  the  metre  of  distilled  water,  at  its 
maximum  density.  It  answers  to  15.444  grains.  The  deaoni- 
nations  of  weights  proceed  decimally  both  ways. 

GRANARY,  a  building  to  store  corn  in. 

GRANATITE,  a  stone  found  in  Spain,  France,  and  Switter- 
land.  It  is  crystallized  in  a  very  peculiar  form ;  two  six-sided 
prisms  intersect  each  other,  either  at  right  angles  or  oblique^. 
It  is  of  a  greyish  or  reddish  brown  colour.  Specific  gravity 
3.2861.  Usually  opaque.  Glassy  or  greasy.  It  is  fosiUe 
before  the  blow-pipe.  One  hundred  parts  consist  of  44  als- 
mina;  33  silica;  13  oxide  of  iron;  3.84  lime;  l.OO  oxide  of 
manganese. 

GRAND  JURY.  The  sheriff*  of  every  county  is  bound  to 
return,  to  every  commission  of  oyer  and  terminer,  and  ofgisl 
delivery,  and  to  every  session  of  the  peace,  twenty-four  pnoi 
and  lawful  men  of  the  county,  some  out  of  every  hundred,  to 
inquire,  present,  do,  and  execute  all  those  things  which  on  tbe 
part  of  our  lord  the  king  shall  then  and  there  be  comnaBded 
them.  They  ought  to  be  freeholders ;  but  to  what  amont  n 
not  limited  by  law.  Upon  their  appearance  they  are  sven 
upon  the  Grand  Jury,  to  the  amount  of  twelve  at  tlie  least,  aid 
not  more  than  twenty^three,  that  twelve  may  be  a  m^ierHy. 
They  are  only  to  hear  evidence  on  behalf  of  Uie  prosecotiea; 
for  the  finding  of  an  indictment  is  only  in  the  nature  of  a 
inquiry  on  accusation,  which  is  afterwards  to  bo  tried;  nd 
they  are  only  to  inquire,  upon  their  oaths,  whether  there  is 
sufficient  cause  to  call  upon  the  party  to  answer  it.  If  twelve 
agree  to  find  the  bill,  it  must  be  pronounced  a  tmo  bill,  b|rtil 
cannot  be  found  by  a  smaller  number.  The  mode  of  findiara 
bill  is  by  indorsing  it  a  true  bill ;  when  it  is  rejected  It  is  bi- 
dorsed  '*  ignoramus,"  or  not  found  ;  and  no  one  cao  bo  tried 
by  indictment  without  the  finding  by  a  Grand  Jury. 

GRANITE  is  considered  as  the  foundation  roek  on  wttcb 
slate  rocks  and  all  secondary  rocks  are  laid.  From  its  great 
relative  depth,  granite  is  not  frequently  met  with,  except  it 
situations  where  it  appears  to  have  been  forced  throngliths 
more  superficial  covering  of  the  globe.  Granite  is  a  hard  leek, 
whoso  constituent  parts  are  the  three  substaneca,  ^i^*^^^* 
spar,  and  mica,  which  are  more  or  less  perfectly  eryifillend, 
and  closely  united  together.  The  three  minerals  of  wUel 
granite  is  composed  vary  mnch  in  their  proportiona  in  diilneal 
granite  rocks ;  and  often  in  specimens  from  tlio  aume  reek. 
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The  crjf tals  are  lar|^,  or  tmall,  or  equally  tnteniiixed»  io  one 
partt  and  in  another  part  quarts  or  felspar  greatly  predominate. 
Some  icranitrs  are  composed  of  small  fcraini,  and  have  large 
crystals  of  felspar  interspersed;  these  are  denominated  por- 
phyritic  granites.  Specimens  of  Cornish  and  Scotch  granites 
are  not  difficult  to  procure  in  Ix>ndon,  as  they  are  commonly 
aaed  for  paving-stones.  In  the  former,  the  felspar  is  white,  in 
aome  specimens  it  is  soft  and  earthy :  the  mica  appears  like 
glistening  scales  which  have  a  tarnished  semi-metallic  lustre. 
The  quarts  has  a  vitreous  appearance,  and  is  of  a  light  grey 
colour.  In  Scotch  granite  the  felspar  has  more  commonly  a 
reddish  brown  colour.  The  mica  is  not  nnfrequently  black 
and  splendent :  this  distinguishes  it  at  first  sight  from  horn- 
blende, which  Is  sometimes  intermiied  with  this  granite.  Very 
small- grained  granites  can  scarcely  be  distinguished  from 
sand-stoae.  In  general,  felspar  may  be  considered  as  forming 
the  most  abundant  part  of  granite ;  it  is  sometimes  in  a  de- 
composing state,  owing  to  the  potash  which  frequentlir  forms  a 
constituent  part  of  this  mineral.  It  is  not  improbable,  how- 
ever, that  what  is  considered  as  decomposing  granite,  may  in 
some  instances  be  the  original  state  of  the  rock.  Granite  is 
not  stratified,  but  is  sometimes  separated  into  tabular  masses, 
which  have  been  mistaken  for  strata.  It  is  more  frequently 
divided  into  large  masses  or  blocks  which  have  a  tendency  to 
assume  a  rhomboidal  form.  Granite  also  exists  in  round 
masses,  which  are  composed  of  concentric  spherical  layers, 
separated  by  granite  of  a  less  compact  kind,  and  enclosing  a 
harder  central  nucleus.  These  globular  masses  are  three  or 
four  yards  or  more  in  diameter,  and  are  sometimes  found 
detached,  and  sometimes  imbedded  in  granite  of  a  softer  kind: 

Erobably  the  detached  globes  of  granite  were  also  once  im- 
edded  in  a  similar  rock,  which  has  been  decomposed  and 
worn  away.  This  globular  structure  is  not  peculiar  to  granite. 
When  granite  rises  high  above  the  surface,  it  forms  loHy 
peaks  and  rugged  piles,  which  at  a  distance  resemble  im- 
mense ruins. 

.  GRANULATION,  the  method  of  dividing  metallic  sub- 
stances  into  grains  or  small  particles,  in  order  to  facilitate 
their  combination  with  other  substances,  and  sometimes  for 
the  purpose  of  readily  subdividing  them  by  weight  This  is 
done  either  by  pouring  the  melted  meUl  into  water,  or  by 
agitatin|[  it  in  a  box  until  the  moment  of  congelation,  at  which 
instant  it  becomes  converted  into  a  powder. 

GRANT,  io  Law,  a  gift  in  writing  of  such  a  thing  as  cannot 
be  passed  or  conveyed  by  word  only,  as  a  grant  is  the  regular 
method,  by  the  common  law,  of  transferring  the  property  of 
incorporeal  hereditaments,  or  such  things  whereof  no  livery  of 
seisin  can  be  had.  The  operative  words  in  granU  are  dedi  H 
€0nee$n,  "  I  have  given  and  granted.'*  GranU  may  be  void 
by  ancertainty,  impossibility,  being  against  law,  a  wrong  title, 
or  a  mode  to  defraud  creditors. 

GRAPE.  4S:«fViTis.  Grapes  have  been  repeatedly  examined 
by  the  best  informed  chemists  and  most  aocnrate  tests,  but 
w  ithottt  that  success  which  miglit  have  been  expected.  They 
arc  found  to  contain  much  sugar,  a  portion  of  mucilage  and 
jelly,  some  albumen  and  colouring  matter.  Tartrate  of  potash, 
tartaric  add ;  the  citric  and  malic  acids  have  likewise  been 
discovered  in  them. 

GRAPLIN,  Fire,  an  instrument  nearly  resembling  the  fol- 
lowing, but  differing  in  the  construction  of  its  flukes,  which  are 
foraished  with  strong  barbs  on  its  points ;  these  are  usually 
flxcd  by  a  chain  on  the  yard-arms  of  a  ship,  to  grapple  any 
adversary  mhom  she  intends  to  board,  and  are  particolarly 
moiiite  In  fire-ships. 

GRAPNEL,  or  Graplino,  a  sort  of  small  anchor,  fitted  with 
Ibur  or  five  flakes  or  claws,  and  commonly  ased  to  fasten  boats 
or  other  small  vessels. 

GRASS,  in  Botany,  one  of  the  seven  natural  families  Into 
which  all  yegetables  are  distributed  by  Linnssus.  They  are 
dsiaed  to  be  plants  which  have  very  simple  leaves,  a  jdfnted 
•lafli,  a  haskv  calyx  named  a  glume,  and  a  single  seed.  This 
description  ineludes  corn  as  well  as  the  grasses.  Most  of 
these  plants  are  annual  or  perennial  herbs,  some  of  them  are 
crecC  others  creep  upon  the  ground.  The  roots  in  the  greatest 
r  creep,  and  emit  fibres  from  each  knot  or  joint;  in 
thej  are  simply  branched  and  fibrous.    The  steou  aad 


branches  are  round ;  the  lesTCS  are  simple,  alternate,  entire, 
very  long,  and  commonly  narrow ;  they  are  generally  placed 
immediately  upon  the  stem,  except  in  the  BamlM>o,  and  a  few 
others  which  have  a  foot-stalk  at  the  origin  of  the  leaves. 

GRATINGS,  a  sort  of  open  cover  for  the  hatches,  resem- 
bling latlice-work,  serving  to  give  light  to  the  lower  apart* 
ments,  and  to  permit  a  circulation  of  air;  both  of  which  are 
particularly  necessary,  when,  from  the  turbulence  of  the  sea, 
the  ports  between  deeks  are  obliged  to  be  shut. 

GRAVE,  in  Music,  is  applied  to  a  sound  which  is  of  a  low 
or  deep  tone.  The  thicker  the  cord  or  string,  the  more  grave 
is  the  note  or  tone ;  and  the  smaller  the  more  acute.  f#r«r«, 
in  the  Italian  music,  denotes  a  verv  grave  and  slow  motion, 
somewhat  faster  than  adagio,  and  slower  than  largo. 

Grave  Aeceni,  in  Grammar,  shews  that  the  voice  is  to  be 
lowered ;  its  mark  stands  thus  * .    See  Accknt. 

GRAVEL,  a  congeries  of  pebbles,  which  mixed  with  a  stiff 
loam,  makes  lasting  and  elegant  walks. 

GRAVER.    See  Engravins. 

GRAVIMETER,  the  name  given  by  M.  Guyton  to  an  instru- 
ment for  measuring  specific  gravities:  he  adopts  this  name 
rather  than  either  areometer  or  hydrometer,  because  these 
latter  terms  are  grounded  upon  the  supposition  that  the  liquid 
is  alwajrs  the  thing  weighed ;  whereas,  with  regard  to  solids,  the 
liquid  IS  but  the  known  term  of  comparison  to  which  the  un- 
known weight  is  referred.  This  instrument  is  executed  in 
glass,  and  is  of  a  cylindric  form,  being  that  which  requires  the 
smallest  quantity  of  fluid,and  is  on  that  account  preferable,except 
so  far  as  it  is  necessary  to  deviate  from  the  security  of  a  ver- 
tical position.  Like  Nicholson's  Hydrometer,  which  is  clse« 
where  explained  in  this  work,  it  carries  two  basins ;  one  of 
them  superior,  at  the  extremity  of  a  thin  stem,  towards  the 
middle  of  which  the  fixed  point  of  immersion  is  marked.  The 
other,  or  lower  basin,  terminates  in  a  point;  it  contains  the 
ballast,  and  is  attached  to  the  cylinder  by  two  branches.  The 
moveable  suspension  by  means  of  a  hook  has  the  inconvenience 
of  shortening  the  lever  which  is  to  secure  the  vertical  position. 

The  cylinder  is  0-71  inches  in  diameter,  and  6'SS  inches  in 
length.  It  carries  in  the  upper  basin  an  additional  constant 
weight  of  1 16  grains.  These  dimensions  might  he  increased 
so  as  to  render  it  capable  of  receiving  a  much  more  consider- 
able weight;  but  this  is  unnecessary.  In  the  lower  basin 
used,  and  consequently  entirely  inunersed  in  the  fluid,  is  a 
bulb  of  glass  loaded  with  a  sufficient  quantity  of  mercury,  in 
order  that  its  total  weight  may  l»e  equal  to  the  constant  addi- 
tional weight,  added  to  tlie  weight  of  the  volume  of  water  dis- 
placed by  this  piece.  It  will  be  readily  understood  that  the 
weight  being  determined  at  the  same  temperature  at  which  the 
instrument  was  originally  adjusted,  it  will  sink  to  the  same 
mark  on  the  stem,  whether  it  be  loaded  with  a  constant  addi«- 
ffonal  weight  in  the  upper  basin,  or  whether  the  effect  of  this 
weight  be  produced  by  the  additional  piece  in  the  lower  dish. 
From  this  explanation  there  will  be  no  diflhmlty  in  seeing  how 
this  instrument  may  be  adapted  to  every  case  in  practice. 

It  may  be  used,  I.  for  solids.  It  differs  not  in  this  respect 
from  Nicholson's  hydrometer.  The  only  condition  will  he,  as 
in  his  instrument,  that  the  absolute  weight  of  the  body  to  be 
examined  shall  be  rather  less  than  the  constant  additional 
weight,  which  in  this  instrument  is  115  grains. 

3.  For  liquids  of  less  specific  gravity  than  water,  the  inttm- 
ment,  without  the  additional  weight  above  mentioned,  weighs 
about  460  grains,  in  the  dimensions  before  laid  down.  It  would 
be  easy  to  limit  its  weight  to  the  utmost  aeeoracy.  We  have 
therefore  the  range  of  one-fiflh  of  booyanor,  and  consequently 
the  means  of  ascertaining  all  the  intermediate  densities  from 
water  to  the  most  highly  rectified  spirit  of  vrine,  which  is 
known  to  bear  in  this  respect  the  ratio  of  8  to  10  with  regard 
to  water. 

a.  When  liquids  of  greater  specific  gravity  than  water  are  to 
l»e  tried,  the  constant  weight  being  applied  helow,  by  means 
of  the  additional  piece,  whieh  weighs  about  138  grains,  the 
instruBMut  can  receiTe  in  the  upper  basin  more  than  4  times 
the  usual  additional  weight,  without  losing  the  equilibrium  of 
ito  Tertioal  position.  In  this  sUte  it  is  capable  of  shewing  the 
specific  gravity  of  the  most  coaoentraled  adds. 

4.  It  possesses  another  property  MmmMn  to  Nicholsoa*t  ia- 
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stniment,  namely,  tiiat  it  may  be  used  as  a  balance  to  deter- 
mine the  absolute  weight  of  snob  bodies  as  do  not  exceed  its 
additional  load. 

6.  Lastly,  the  parity  of  the  water  being  known,  it  will  indi- 
oate  the  degrees  of  rarefaction  and  condensation  in  proportion 
to  its  own  bulk. 

This  instrument  may  be  readily  constructed  by  any  work- 
man in  glass.  The  additional  piece  for  the  lower  basin  will 
require  some  attention  to  make  it  agree  perfectly  with  the  con- 
stant upper  weight,  as  to  the  immersion  of  the  instrument.  But 
this  object  may,  by  careful  adjustment,  be  ascertained  with  the 
utmost  certainty  and  accuracy.  The  bulb  of  glass  is  for  this 
purpose  drawn  out  to  a  fine  point,  a  sufficient  quantity  of  mer- 
cury is  then  introduced  to  sink  it,  and  the  aperture  closed  with 
a  little  piece  of  wax.  The  bulb  being  then  placed  in  the  lower 
basin  of  the  instrument,  the  upper  basin  is  to  be  loaded  until 
the  mark  on  the  stem  becomes  accurately  coincident  with  the 
surface  of  the  water.  The  sum  of  the  weights  added  above  is 
precisely  equal  to  that  of  the  quantity  of  mercury  necessary  to 
be  added  to  that  in  the  glass  bulb ;  which  done,  nothing  more 
is  needed  than  to  seal  the  point  by  fusion,  taking  care  not  to 
change  its  bulk.  The  whole  is  rendered  portable  by  means  of 
a  case  in  which  all  the  delicate  parts  are  secured  from  pressure, 
and  the  heavier  parts  supported  in  such  a  manner  as  to  resist 
the  excess  of  motion  they  are  capable  of  acquiring  in  conse- 
quence of  their  mass.  This  last  circumstance  is  frequently 
overlooked  by  such  workmen  as  are  employed  in  the  package 
of  instruments ;  whence  it  necessarily  follows,  that  some  strain 
or  fracture  must  be  produced  when  matters  of  very  unequal 
density  are  exposed  to  receive  a  common  impulse. 

Rule  to  find  the  specific  Gravity  of  any  Solid  by  the  Gravimfter, 
"  From  the  weight  in  the  upper  dish,  when  the  instrument  is 
properly  immersed  in  the  unknown  fluid,  take  the  weight  which 
is  placed  with  the. body  in  the  same  scale  at  the  like  adjust, 
ment.  The  remainder  is  the  absolute  weight  of  the  solid.  Mul- 
tiply this  by  the  specific  gravity  of  the  fluid,  and  reserve  the 
product.  From  the  additional  weight  when  the  body  is  placed 
in  the  lower  basin,  take  the  weight  when  it  was  placed  in  the 
upper.  The  remainder  will  be  the  loss  of  weight  by  immersion. 
Divide  the  reserved  product  by  the  loss  by  immersion,  and  the 

Suotient  will  be  the  specific  gravity  of  the  solid  with  regard  to 
istilled  water  at  the  standard  temperature  and  pressure." 

To  find  the  specific  Gravity  of  a  Fluid  proceed  thus :  "  To  the 
weight  of  the  ^ravimeter  add  the  weight  required  in  the  upper 
basin  to  sink  it  in  the  unknown  fluid.  Again,  to  the  weight  of 
the  gravimeter  add  the  weight  required  in  the  same  manner  to 
sink  it  in  distilled  water.  Divide  the  first  sum  by  the  latter,  and 
the  quotient  will  be  the  specific  gravity  of  the  fluid  in  question." 

6RATINO,theact  ofcleaning  a  ship's  bottom  when  sheis  laid 
aground  during  the  recess  of  the  tide.  See  the  article  Breaming. 

GRAVITATION,  (from  yravitate,  Latin),  the  act  of  fending 
to  a  centre.  Or,  gravitation  may  be  more  generally  defined, 
the  exercise  of  gravity,  or  the  action  which  a  body  exercises 
on  another  body  by  the  power  of  gravity.    See  Attraction. 

ORAyiTY,(6Vavilii#,  Latin,)  in  Physics,  the  natural  tendency 
or  inclination  of  bodies  towards  a  centre. 

Terrestrial  Gravity,  is  that  force  by  which  all  all  bodies  are 
continually  urged  towards  the  centre  of  the  earth.  It  is  in  con- 
sequence of  this  force  that  bodies  are  accelerated  in  their  fall, 
and  when  at  rest  that  they  press  the  body,  or  that  part  of  the 
body  bv  which  they  are  supported. 

As  to  the  cause  of  gravity,  or  its  nature,  nothing  whatever  is 
known,  and  it  would  be  useless  and  unprofitable  to  occupy  any 
part  of  this  article  in  detailing  the  several  vague  hypotheses 
that  have  been  advanced  to  account  for  this  most  important 
law  of  nature.  All  that  can  be  said  is,  that  it  appears  to  ]>e 
an  essential  property  of  matter,  or,  at  least,  of  all  matter  that 
has  hitherto  b^ome  the  object  of  human  investigation,  though 
it  is  by  no  means  certain  that  matter  may  not  exist  which  is 
not  subject  to  its  inflneaee. 

This  part  of  the  subject  appears  to  be  totally  out  of  the  reach 
of  human  oomprehentlon/  instead  therefore  of  wasting  our 
time  in  useless  speculation  as  to  tlie  cause,  let  ns  onty  attend 
to  its  eflects,  and  content  ourselves  with  examining  more  par- 
ticularly the  manner  in  which  this  principle  operates  on  mate- 
rial bodies,  and  the  laws  by  which  it  appears  to  be  regulated  ; 


the  principal  of  which,  as  deduced  from  experiment,  or  froai 
the  most  unequivocal  inferences,  are  as  foUows : 

I.  That  gravitation  takes  place  between  the  moat  raiaate 
particles  of  bodies.  2.  That  it  is  proportional  to  the  masses  sf 
those  bodies.  3.  tliat  it  varies  inversely  as  the  square  of  the 
distance  in  proceeding  from  the  surface  of  the  body  umraHi, 
or  from  its  centre.  4.  That  it  varies  directly  at  the  dSstaaee, 
in  descending  from  the  surface  to  the  centre  in  anifonoa  sphe> 
rical  bodies.  5.  That  it  acts  equally  on  bodies  in  a  state  of 
rest,  as  on  those  in  motion,  and  that  its  action  in  the  latter 
case  is  always  the  same,  whether  that  motion  be  to  or  fnaa 
the  centre  of  attraction,  or  in  any  other  direetion.  6.  Tint  h 
is  transmitted  instantaneously  from  one  body  to  aaotlwr. 
With  regard  to  this  last,  Laplace  has  shewn,  that  if  the  trans* 
mission  of  this  force  was  not  instantaneoasly  commmiieated 
from  the  sun  to  the  extreme  bounds  of  the  solar  systenuai 
acceleration  would  take  place  in  the  motion  of  the  planelaiy 
bodies  ;  and  as  no  such  acceleration  has  been  observed,  beyond 
what  may  be  accounted  for  and  computed  on  other  princqiks, 
we  have  reason  to  conclude  that  the  propagation  of  gravitatioa 
is  instantaneous. 

Gravitv,  as  relating  to  the  science  of  mechanics,  is  divided 
into  absolute  and  relative. 

Absolute  Gravity,  is  that  by  which  a  body  descends  freeij 
and  perpendicularly  in  a  vacuum  or  nonresisting  mediara,  the 
laws  of  which  are  given  under  the  article  Acceleration. 

Relative  Gravity,  is  that  by  which  a  body  descends,  wb« 
the  absolute  gravity  is  constantly  counteracted  by  a  unifom 
but  inferior  force,  such  as  in  the  descent  of  bodies  down 
inclined  planes,  or  in  resisting  mediums.  See  Inclined  Plane, 
Resistance,  and  Rksisting  Mediums* 

Specific  Gravity,  is  the  relative  gravity  of  any  body  or  sab- 
stauce,  considered  with  regard  to  some  other  body  which  Is 
assumed  as  a  standard  of  comparison,  and  this  standard,  by 
universal  consent  and  practice,  is  rain  water,  on  account  of 
its  being  less  subject  to  variation  in  different  circurostances  of 
time,  place,  &c.  than  any  other  body,  whether  solid  or  fluid. 
And  by  a  very  fortunate  coincidence,  at  least  to  English  phi- 
losophers, it  happens,  that  a  cubic  foot  of  rain  water  weigbi 
1000  ounces  avoirdupois ;  and  consequently  assuming  this  is 
the  specific  gravity  of  rain  water,  and  comparing  all  other 
bodies  with  this,  the  same  numbers  that  express  the  specifc 
gravity  of  bodies,  will  at  the  same  time  denote  the  weight  oft 
cnbic  foot  of  each  in  avoirdupois  ounces,  which  is  a  great  ooa- 
vcnience  in  numerical  computations. 

From  the  preceding  definition,  wc  readily  draw  thefoDoviDf 
laws  of  the  specific  gravity  of  bodies  ;  viz. 

1.  In  bodies  of  equal  magnitude  the  specific  gravities  ire 
directly  as  the  weights,  or  as  their  densities. 

2.  In  bodies  of  the  same  specific  gravities  the  weights  will  be 
as  the  magnitudes. 

3.  In  bodies  of  equal  weights,  the  specific  gravities  ire 
Inversely  as  the  magnitudes* 

4.  The  weights  of  different  bodies  are  to  each  otiber  is 
the  compound  ratio  of  their  magnitudes  and  specific  graWtiei 

Hence  it  is  obvious,  that,  of  the  magnitude,  weight,  and  spe^ 
aific  gravity  of  a  body,  any  two  of  these  being  given,  the 
third  may  be  found  ;  and  we  may  thus  find  the  magnitude  of 
bodies,  which  are  too  irregular,  to  admit  of  the  appKcatioB  of 
the  common  rules  of  mensuration ;  or  we  may  by  knowing  the 
specific  gravity  and  magnitude,  find  the  weight  of  bodies  which 
are  too  ponderous  to  be  submitted  to  the  action  of  the  bahuve 
or  steel-yard;  or,  lastly,  the  magnitude  and  weight  beii| 
given,  we  may  ascertain  their  specific  gravities. 

Exam*  The  weight  of  a  marble  statue  being  746  lbs.  avolrdc- 
pois,  required  the  number  of  cubic  feet,  &c.  wliich  it  coo- 
tains  ;  the  specific  gravity  of  marble  being  2742. 

Since  a  cubic  foot  weij^hs  2742  ounces,  we  have 
as  2742 :  74H  X  16  : :  1  :  4'S6  feet. 

2.  Required  the  weight  of  a  block  of  granite  whose  length!) 
63  feet,  and  breadth  and  thickness  each  12  feet ;  the  tftdk 
gravity  of  granite  being  3500. 

Here  63  x  12X12=  9072  feet ;  then  afniin,  as  1  :  9072  : : 
3500  :  31752000  ounces ;  or  885  ton.  18}  ewt.  The  above  are 
said  to  be  the  dimensions  of  one  of  the  stones  in  the  waHi  cf 
Balbeek. 
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Other  fnropertieA  relatiofc  to  the  tpecifie  irrafity  of  bodies  are 
as  follows ;  vtr.     1.  A  bodj  inmersed  io  a  fluid  will  sink,  if  its 

rific  gravity  be  greater  than  that  of  the  fluid;  if  it  be  less, 
body  will  rise  to  the  top,  and  be  only  partly  imroerged  ; 
aad  if  the  specifio  gravity  of  the  solid  and  fluid  be  equal,  it 
will  remain  at  rest  in  any  part  of  the  fluid  in  which  it  may  be 
placed.  3.  When  a  bodpr  is  heavier  than  a  fluid,  it  loses  as 
much  of  its  weight  when  immersed,  as  is  equal  to  a  quantity  of 
the  flnid  of  the  same  bulk  or  magnitude.  3.  If  Ibe  specific  gra- 
Tity  of  the  fluid  be  f^reater  than  Uiat  of  the  body,  then  the  quan- 
tity of  the  fluid  displaced  by  the  part  immcrgcd,  is  equal  to 
the  weight  of  the  whole  body.  And  hence,  as  the  specific  gra- 
Tilt  of  the  floid  is  to  that  of  the  body,  so  is  the  whole  magni- 
tade  of  the  body  to  the  part  immerged.  4.  The  specific  gravi- 
ties of  equal  solids,  are  as  their  parts  immerged  in  the  same 
fluid.  6.  The  specific  gravities  of  fluids  are  as  the  weights  lost 
hy  the  same  immerged  solid. 

Hence  are  drawn  the  following  rales  for  ascertaining  the 
specific  gravities  of  both  solids  and  fluids. — Tojind  ihe  specific 
frmrky  of  a  hod^.  This  may  be  done  gcncralh  by  means  of  the 
k^droiUitic  hatancr^  which  is  contrived  for  the  easy  and  exact 
determination  of  tiic  wcif^hts  of  bodies,  cither  in  uir,  or  when 
ismersed  in  water,  or  other  fluid,  from  the  difl*ereucc  of  which 
the  Kpceific  gravity  of  both  the  soUd  and  fluid  may  be  com* 
putc'l. 

I'  When  the  hotly  u  heavier  than  water.  Weigh  it  both  out  of 
water  and  in  water  ;  then  say. 

As  the  weight  lost  In  water 
Is  to  the  whole  or  absolute  weight, 
So  is  the  specific  gravity  of  m-atcr 
To  that  of  the  body. 
%  Wham  the  body  w  lighter  than  Water,    In  this  case  attach 
to  it  a  piece  of  another  body  heavier  than  water,  so  that  the 
mass  compounded  of  the  two  may  sink  together.     Weigh  the 
denser  body  and  the  compound  body  separately,  both  out  of 
tbe  water  and  in  it ;  and  find  how  much  each  loses  in  the  water 
by  subtractini;  its  weight  in  water  from  its  weight  in  air ;  and 
Mibtract  the  less  of  these  remainders  from  the  greater.    Then 
use  this  proportion. 

As  the  last  remainder 
Is  to  tbe  weight  of  the  light  body  in  air, 
So  is  the  specific  gravity  of  water 
To  the  specific  gravity  of  the  body. 
3.   Whan  the  specific  gravity  of  a  Huid  is  required.     Take   a 
piece  of  some  body  of  known  specific  gravity  ;  vkci:ch  it  both  in 
nnd  out  of  the  fluid,  and  find  the  lossof  wci};ht  by  taking  the 
ciiflcrenee  of  these  two ;  then  say. 

As  the  whole  or  absolute  weight 
Is  to  the  weight. 

So  is  the  specific  gravity  of  the  solid 
To  the  specific  gravity  of  the  fluid. 
In  tbe  case  of  solid  substances,  they  may  be  oiihcr  denser 
tlian  water  or  rarer,  and  they  may  be  insoluble  in  it  or  incapa- 
ble of  solution.    The  mode  of  detarmining  their  siiccilic  gravity 
will  accordingly  be  diiferent. 

1.  Insoluble  solid  bodies,  denser  than  water  are  weighed  la 
■«rM»,  and  then  in  distilled  w  ater :  and  the  loss  or  weight  which 
they  suffer  by  immersion,  is  to  their  whole  weight,  ai  unit  is 
to  tlieir  specific  gravity. 

2.  insoluble  solid  bodies,  lighter  than  water,  require  to  he 
joined  to  some  heavier  substance,  in  order  to  make  them  sink 
in  that  liquid.  The  weight  of  the  ballast,  when  immersed 
alMie,  Hiuat  l>e  previously  ascertained.  This  weight,  diminish- 
ed, bf  the  weight  of  the  compound  after  immersion,  will  there- 
fore give  the  buoyant  power,  or  the  weight  of  a  mass  of  water 
equal  to  the  bulk  of  the  rare  subntanee.  The  weight  thus 
correotrd  is  heuee  to  the  weight  of  the  substance  in  vacua,  as 
uuil  is  to  its  specific  gravity.  The  computation  may  be  simpli- 
C^,  however,  by  using  a  hat  is  called  a  «al<T*irricAl,  or  an 
exael  cottnterpoisc  of  the  tongs  or  booket  by  wh^oh  the  body  is 
kept  inuMrsed  in  the  fluid. 

3b  Wkeo  Ihe  solid  snhstmoees  to  be  examined  are  saline,  or 
lUble  to  solution  in  vmler,  they  may  be  gently  heated,  and 
cf  tied  with  a  thin  coat  of  melted  bees'-wax.  Thus  defended, 
they  may  sow  be  plunged  without  any  risk  in  distilled  water. 
A  atfgbt  aUowmioe  should  be  made  for  the  buoyant  influence 
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of  the  coat  of  wax  itself,  which,  however,  must  be  very  minot«*, 
since  tliis  plastic  material  has  very  nearly  the  densil>  of  water 
iUelf. 

A  solid  substance,  rarer  than  the  fluid  medium,  must  evi. 
dcutly  sinV^  till  it  displace  an  equal  weight  of  the  fluid.  The 
submerged  part  of  the  solid  hence  always  marks  the  vuiiime  of 
tliis  equiponderant  mass.  If  the  floating  body  have  a  globular 
shape,  terminated  by  a  long  slender  stem,  its  depression  in  any 
liquid  will  measure  tlie  smallest  diffrreuces  of  s|»ecific  gia\ity. 

The  .stem  may  be  made  exactly  cylindrical,  for  instance,  and 
divided  into  portions  which  correspond  to  tlic  thousandth  parts 
of  the  bulk  of  the  ball.  Such  is  tbe  general  canslruclion  of  tint 
hydrometer,  a  very  convenient  instrunicjit  for  examining  rea- 
dily the  densities  of  difl'creat  liouids.  The  stem  will  scarcely 
bear  more  than  an  hundred  dittinct  subdivisions;  but  the 
range  can  be  easily  enlarged,  by  attaching,  as  circumstances 
may  require,  loads  aiuivcring  to  lUO,  *.2(>U,  3(M),  &c. 

One  of  the  easiest  and  simplest  methods  of  determining  the 
densities  of  dififcrent  liquids,  is  by  a  set  of  small  glass  beadst 
pre\iously  adjusted,  and  numerically  marked.  Thrown  into 
any  liquor,  the  heavier  balls  sink,  till  they  approach  the 
req^uired  density,  and  become  gradually  buoyant,  and  the  one 
«hich  first  rises  to  the  surface  indicates,  in  thousandth  parts, 
tbe  specific  gra\ity  uf  the  fluid.  These  balls  are  adapted  for 
examining  liquids,  whether  lighter  or  heavier  than  water. 

But  the  most  accurate  and  concise  nuulc  of  ascertaining  the 
density  of  liquids,  is  to  cmph>y  a  small  glajis  measure  with  a 
ver^'  short  narrow  neck,  and  adjusted  to  hold  exactly  a  thousand 
grains  of  di.<lillcd  uuter.  The  vessel  being  filled  with  any 
other  liquid,  the  weiirht  of  it  is  observed,  aud  thence  its  rela- 
tive density  to  water  may  be  found,  !■>  uic.irly  striking  off  three 
decimal  places.  At  each  operation,  tbe  glass  mUst  be  care- 
fully rinsed  uilh  pure  uatcr,  and  again  dried,  by  heating  it, 
and  then  sucking  out  the  humified  air,  for  a  few  minutes,  by 
help  of  a  slender  inserted  tube. 

If  fluids  of  various  densitie.?!.  nod  not  disposed  to  unite  in 
any  chemical  aflinity,  be  poured  into  a  vessel,  they  will  arrange 
themselves  in  horieontal  stmts,  according  to  their  respcctivv 
densities,  the  heavier  always  oceupyimr  a  lower  place.  This 
stratified  arrangement  uf  the  several  11  aids  will  succeed,  even 
though  a  mutual  attraction  should  subsiM,  provided  only  that 
its  operation  be  feeble  and  slow.  Thus  a  body  of  quicksiher 
may  occupy  the  bottoiu  of  a  glass  vessel,  above  it  a  layer  of 
concentrated  sulphuric  acid,  next  this  a  layer  of  pure  water, 
and  then  another  la>er  of  alcohol.  The  sulpbnric  acid  aould 
scarcely  art  at  all  upim  the  mercury,  and  a  considerable  time 
would  elapse  before  the  water  sensibly  penetrated  the  acid,  vr 
the  alrolidl  the  water,  liorlies  of  diflerent  densities  mii:!:t 
remaiu  suspended  in  those  strata.  Thus,  while  a  ball  of  plati- 
num would  lie  at  the  bottom  of  the  quieknilvor,  an  iron  hnll 
uould  float  on  its  surface ;  but  a  ball  of  brick  would  be  lifted 
up  to  the  acid,  and  a  ball  of  beech  would  swim  in  the  water. 
and  atiollicr  of  curk  might  rest  on  the  top  of  the  alcohol. 

Table  of  Specific  Graritirr  tf  3Ietah,  Stonet,  Karthi^  V . 

It  may  be  convenient  here  to  state,  merely  in  round  num- 
bers, the  specific  gruiitici  of  the  more  remarkable  subst:*.necs. 


Metals. 

Platinum,  purified llKiO 

—— hammered,  ..  •itJ-ai 

laminated.    . .  WMl" 

■    ■        drawn  into  wire,  •J'i-O? 


Gold  pure  and  cast, ....  1  U**i^i 

Iianimered,   lli.^^i 

Mercury,    Wi'hl  I   Zircon  of  Crvlon, 411 

Wa  BA^M.^'  .a. 


Steel,soft, n^ 

hammered, 7  h4 

Tin,  east,   T-.in 

Zinc,  east 7*Jt» 

Antimony,  cast,   ^itd 

MoiybdKOum 4*74 

Sulphate  of barytes.....  4*'43 


Li* ad,  cast,     11-.35 

Silver,  pure  and  cast.. .  1(^47 

Iiammerod,  10*61 

Uismuih,  east i^s-2 

Cup|»cr,  cast,    8*79 

■            wire, 8-HO 

Brass,  east, 8*40 

wire HM 

Cobalt  and  Nickel,  east.  7Hl 

Imo.  east '1\ 

Iron,  malleable,   7*711 

6n 


Stones- 

Oriental  niby , 4'9A 

Hrasilian  ruby .Ta3 

llohemian  garnet,    419 

Oriental  topas 4(t| 

Diamond .T6n 

Crude  uianganese U*63 

Flint  glas« -J  HU 

Glass  of  St  Gobin i  4tl 

Fluorspar :t  IH 

Parian  marble,      'i  ii^i 
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•  •■••• 


2-71 
2-65 
2-59 


Peruvian  emerald,  • . .  •  2*78 

m  asoer,  •••••••••••••••  m  i" 

Earths,  ^'c. 
Carbonate  of  lime, . 
Hock  cr3'stal,  . 

Flint 

Sulphate  of  lime, 2*32 

Sulphate  of  soda, 2*20 

Common  salt, 2*13 

Native  sulphur, 2-03 

Nitre, 2-00 

Alabaster, 1*87 

Phosphorus, I  *77 

Plumbago, 1*86 

Alum 1*72 

Asphaltum,  1.40 

Jet 1*24 

Coal,  from 1*24  to  1*30 

Sulphuric  acid, 1*84 

Nitric  acid, 1-22 

Muriatic  acid, 1*19 

Ligmds,  Oils,  ^c. 
Equal  parts  by  weight  of  water 

-93 

....  -92 

....  -82 

....  '74 

....  -71 


Resius,  Gums,  8re» 
Gum  arabic  and  honey,     1*45 

Pitch 1*16 

Isinglass, 1*11 

Yellow  amber, 1*08 

Hen's  egg,  fresh  laid,. .     1*09 

Human  blood, 1*06 

Camphor, «...       -99 

White  wax, -97 

Tallow, '94 

Pearl 276 

Sheep's  bone,  • •     2*22 

Ivory 1-92 

Ox'shorn, 184 

Wood. 

Lignum  vita;, 1*33 

Ebony, 1*18 

Mahogany, 1*06 

Dry  oak, -93 

Beech, *86 

Ash, -84 

Elm,  from   80  to  *eo 

Fir,  from 67  to  *60 

Poplar, -38 

Cork, -24 

Gases, 

Chlorine, *00302 

Carbonic  acid  gas,  . .  '00164 

Oxygen  gas, -09134 

Atmospheric  air,  ....  '00121 

Azotic  gas, -00098 

Hydrogen  gas, -00008 


and  alcohol. 

Ice, 

Strong  alcohol,.. 
Sulphuric  apither, 

Naphtha, 

Sea  water, 1*03 

Oil  of  sassafras, .......     1  *09 

Linseed  oil, -94 

Olive  oil, -91 

AVbitesugar 1*61 

One  hundred  cubic  inches  of  chlorine,  carbonic  acid  gas, 
oxygen  gas,  atmospheric  air,  azotic  gas,  and  hydrogen  gas, 
weigh  respectively  76*2, 46-6,33*9, 30*6,29-6,  and  2-1  grains  troy. 
One  cubic  inch  of  distilled  water  at  the  ordinary  temperature 
of  62  degrees  Fahrenheit,  weighs  in  air  262-6  grains.  Hence  the 
weight  of  a  cylindrical  inch  of  water  weighs  198*3  grains ;  but 
the  same  measure  of  quicksilver  would  weigh  2691  grains, 
which  affords  a  ready  method  for  ascertaining  the  diameters  of 
very  narrow  or  capillary  glass  tubes. 

Since  the  avoirdupois  pound  contains  7001  grains  Troy, 
it  must  be  equal  to  the  weight  of  27,727  cubic  inches  of  water. 
Wherefore,  a  cubic  foot  of  water  weiglis  62,322  pounds,  or 
almost  exactly  one  thousand  ounces  avoirdupois.  A  cubic  foot 
of  water  seems  to  have  anciently  corresponded  to  ihe  weight 
of  a  bushel  or  firlot  (fourthlet)  of  wheat,  four  of  which  make  a 
boll,  eight  times  this  a  ton,  and  the  double  of  this  again  a  chal- 
der.  The  ton  is  therefore  2000  lbs.,  or  more  generally  reckoned 
twenty  hundred  weight,  each  hundred  consisting  of  1121b. 

The  weight  of  a  cable  of  720  feet,  or  120  fathoms  length, 
worked  up  from  strands  180  fathoms  long,  is  found,  by  multi- 
plying the  square  of  the  circumference  in  inches  by  19^  lb. 
The  square  of  half  the  diameter  will  hence  nearly  express  in 
pounds  the  weight  of  a  foot  of  cord.  A  chaldron  of  Newcastle 
coals  is  reckoned  equal  to  1|  ton  or  3024  lb.  the  bushel  being 
only  the  d4th  part,  or  84  pounds  avoirdupois. 

When  the  specific  gravity  of  any  substance  is  known,  it  is 
easy  to  calculate  by  the  foregoing  table  of  specific  gravities,  the 
wcigfht  of  any  given  bulk  of  that  body,  as  the  figures  which 
denote  the  specific  gravity  denote  also  the  number  of  ounces 
avoirdupois  in  a  solid  foot ;  the  figures  are  now  considered 
whole  numbers. 

Exam.  I.  Of  Lead.  What  Is  the  weight  of  7  solid  feet  of  lead? 
Here  the  tabular  number  for  lead  is  11-362,  which  multiplied 
by  7  gives  79*464;  and  this  divided  by  16,  by  28,  and  4,  gives 
44  cwt  1  qr.  11  lbs.  12  os.  for  the  quotient  or  weight  of  7  solid 
fret  of  lead. 

2.  Of  Oak.  What  is  the  weight  of  48  solid  feet  of  oak  ?  From 
the  table  oak  is  found  to  contain  926  ounces  in  a  solid  foot ; 
therefore  926  x  48 -S-  16  by  28  and  4  gives  24  cwt.  3qr8.  3  lbs. 
for  the  weight  of  48  feet  of  solid  oak. 

3.  Of.  Cork.  What  is  the  weight  of  66  solid  feet  of  cork  r 
Here  from  the  table  cork  wdghs  240  ounces  every  solid  foot ; 
therefore  240  x  66  -r  16,  by  26,  and  4,  gives  7  cwt.  3  qrs.  for  the 


answer.— -This  subject  is  treated  hereafter  under  Ike  word 
Hydrostatics,  and  the  article  Solid  Bodies  FloUmg  tm  FbsiL 
GRAVITY,  in  Music,  is  the  modification  of  any  sooad  by 
which  it  becomes  deep  or  low  in  respect  of  some  other  soand. 

GREAT  Circle  Sailing,  the  manner  of  oondacting  a  ship 
in,  or  rather  pretty  near  the  arch  of  a  great  circle^  that  passes 
through  the  zenith  of  the  two  places,  viz.  from  wheooe  she 
came,  and  to  which  she  is  bound. 

GREEK  Fire,  an  invention  of  the  middle  ages,  wbich  far 
many  years  was  kept  a  secret  by  the  court  of  Constaotino|ile, 
and  enabled  the  Greeks  for  a  time  to  resist  the  arms  of  ths 
Mahometans.  It  was  employed  in  battles  by  land  andsea^ 
and  on  one  occasion,  was  the  means  of  destroying  a  fleet  em- 
ployed in  the  siege  of  Constantinople.  It  contioaed  to  ban 
under  water.  The  composition  is  now  unknown,  and  has 
ceased  to  be  an  object  of  interest,  from  the  inTeation  of  the 
more  formidable  fire  of  gunpowder.  It  is  thought  that  it  was 
made  of  asphalgum,  nitre,  and  sulphur. 

Greek  Church.  In  the  eighth  century  there  arose  a  diffv- 
encc  between  the  eastern  and  western  churches,  whicht  u>  Iht 
course  of  about  two  centuries  and  a  half,  ended  in  a  totil 
separation.  The  Greek,  or  Eastern,  or,  as  it  is  sometiass 
called,  the  Russian  church,  spread  itself  over  the  eastern  pailf 
of  Europe.  It  bears  a  considerable  resemblance  to  tbe  cmii& 
of  Rome,  but  denies  the  infallibility  and  supremacy  of  the 
Pope :  it  rejects  also  the  worship  of  images,  and  the  doctiioe 
of  consubstantiation,  or  the  union  of  the  body  of  Chriit 
with  the  sacramental  elements.  The  administration  of  bap- 
tism is  performed,  as  in  the  case  of  Chiist  himself,  St.  itfisCd. 
iii.,  or  of  Philip  and  the  Eunuch,  Acts,  ch.  viii.,  by  immerdv 
the  whole  body.  The  Greek  church  has  the  same  divisioo  si 
clergy,  and  distinction  of  ranks  and  offices,  with  Ue  tkwrik 
of  Rome. 

GREEN,  one  of  the  original  colours  excited  by  the  rajs  if 
light,  and  which  colour  depends  on  the  absorption  of  caimii 
acid. 

Gkezs,  Bi^nswick,  IS  made  by  saturating  cold  water  «id 
muriated  ammonia,  and  adding  three  times  as  mnch  oopfff 
clipping  as  ammonia.  The  moisture  is  to  be  evapoiaici 
taking  care  that  no  dust  be  allowed  to  get  to  it.  The  nmritfe 
of  ammonia  is  decomposed  by  the  copper,  which  is  itself  c» 
roded  and  converted  into  a  green  oxide.  It  is  then  to  It 
digested  in  successive  portions  of  alcohol,  as  long  as  anygitci 
oxide  is  taken  up;  the  solutions  are  now  to  be  added  tofnUi; 
and  the  liquor  to  be  driven  ofi*  by  a  moderate  heat;  the  iss* 
due  is  the  pigment  required. 

Green  Cloth,  aboard  or  court  of  justice,  held  intheooniv 
house  of  the  king*  s  household,  composed  of  the  lord  stevm 
and  officers  under  him,  who  sit  daily.    To  this  court  Is 
ted  the  charge  and  oversight  of  the  king's  household  in 
of  justice  and  government,  with  a  power  to  correct  all 
ers,  and  to  maintain  the  peace  of  the  verge,  or  joriMlieliHif 
tbe  court  royal ;  which  is  every  way  about  two  hundred  jai 
from  the  last  gate  of  the  palace. where  his  majesty  niift 
Without  a  warrant  first  obtained  from  this  court,  none  ifl' 
king's  servants  can  be  arrested  for  debt 

GREENHOUSE,  or  conservatory,  a  boose  in  a  gsnUiflS' 
trived   for  sheltering  and   preserving  the  most  tender  flf, 
curious  exotic  plants,  which,  in  our  climate,  will  mrt^hnrVj 
be  exposed  to  the  open  air  during  the  winter  season, 
generally  large  and  beautiful  structures,  equally 
and  useful.  , 

GREGORIAN  Calendar,  that  which  shews  the  n^i^ 
moon,  with    the  time  of  Easter,  and  the  moveablo  Ml 
depending  thereon,  by  means  of  epacts,  disposed  throilhl 
several  months  of  the  Gregorian  year. 

Gregorian  Epoch,  the  epocha  or  time  whence  the 
rian  calendar  or  computation  took  place.  The  year 
the  244th  year  of  that  epocha. 

Gregorian  YMr,  the  Julian  year  corrected  or  m< 
such  a  manner  as  that  three  secular  years,  which  in  theli 
account  are  bissextile,  are  here  common  years,  and  oily< 
fourth  secular  year  is  made  a  bissextile  year. 

The  Julian  computation  it  more  than  the  solar  year  bfi 
ninutes,  which  in  one  hundred  and  thirty-one  years 
to  a  whole  day.    By  this  ealcnlalion  the  vernal  eqvust^ 
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anticipated  ten  days  from  the  time  of  the  iceneral  coancil  of 
Nice,  held  in  the  year  326  of  the  Chrif  tian  era,  to  the  time  of 
Pope  Greicory  XIII.,  who  therefore  caosed  ten  dajn  to  he 
taken  out  of  October,  in  1582.  to  matie  the  equinox  fall  on  the 
twenty-first  of  March,  as  it  did  at  the  time  of  that  council :  and 
to  prevent  the  like  variation  for  the  future,  he  ordered  that 
three  days  should  be  abated  in  every  four  hundred  years,  by 
redacinff  the  leap-year  at  the  close  of  each  century  for  three 
soccessiie  centuries  to  common  years,  and  retaining  the  leap, 
year  at  the  close  of  each  fourth  century  only.  This  i^  not 
eiaetly  conformable  to  the  true  solar  year,  because  that  in  four 
hundred  years  it  f^cts  one  hour  and  twenty  minutes. 

GRENADE,  or  GaisNAno,  is  a  kind  of  small  bomb  or  shell, 
beinic  furnished  with  a  touch-hole  and  fuse,  and  is  thrown  by 
hand  &rom  the  tops,  8cc.  whence  thry  are  most  f^enerally  styled 
htrnd'^ren^ket.  See  the  article  Knu agf.mf.kt.  Thuanus  ob- 
serves, that  the  first  time  fi:renadoes  were  U5ed  was  at  the 
siege  of  Wacklindonck,  a  tom'n  near  Gueldres ;  and  that  the 
inventor  was  an  inhabitant  of  Venice,  who.  in  making  an 
experiment  of  the  cfToct  thrrenf,  occasioned  two-thirds  of  that 
city  to  be  burnt,  the  fire  ha^iofc  hcen  kindled  by  the  fall  of  a 
grenade.  The  best  way  to  Mcrure  a  man's  body  from  the  effect 
of  a  grenade  is  to  lie  flat  down  on  the  ground  previous  to  its 
explosion. 

GUENAILLE,  a  preparation  of  copper,  which  the  Chinese 
use  as  a  red  colour  in  sonir  of  their  finest  china.  This  colour 
is  thus  obtained :  when  copper  is  in  fusion,  water  is  .sprinkled 
over  it,  and  a  pellicle  or  coat  forms  itself  on  the  snrface  of  the 
copper,  which  is  taken  ofi*  with  iron  pincers,  and  immediately 
thrown  into  a  vessel  of  cold  water,  where  it  forms,  by  precipi- 
tation, the  red  colour  named  fwrenailU. 

GREYWACKE.  a  coarse  kind  of  slate,  which  has  been  so 
named  by  the  Germans.  1 1  is  thus  described  by  Dr.  Thompson : 
**Greywaeke  is  composed  of  grains  of  .«and,  which  are  of  various 
sisea,  and  sometimes  even  approach  in  magnitude  to  rolled 
masses.  These  are  connected  together  by  a  bnsis  of  c!ay-slate, 
(common  slate,)  and  hence  this  rock  derives  its  grey  colour 
and  solidity.  These  fragments  are  .sometimes  qnarts,  some- 
times a  kind  of  indurated  clay-slate,  and  sometimes  flinty-slate. 
The  texture  of  greywacke  becomes  gradually  finer  and  finer 
grained,  till  at  last  it  can  no  longer  be  perceived,  and  a  slaty 
stmctore  succeeds.  It  then  passes  into  greywacke  slate- 
Oreyvracke  slate  is  nothing  else  than  a  variety  of  clay-slate. 

GRIFFON,  in  Heraldry,  an  imaginary  animal  feigned  by  the 
SDcients  to  be  half  eagle  and  half  lion  ;  by  this  form  they  intend- 
ed to  give  an  idea  of  strength  and  swiftness  joined  together. 
vith  QB  extraordinary  vigilance  in  guarding  the  things  intmst- 
cd  to  its  care. 

GRINDING,  the  reducing  hard  substances  to  fine  powders, 
cither  bv  the  mortar,  or  by  way  of  levigation  upon  a  marble. 

GRI^E,  a  piece  of  timber  faced  against  the  lower  piece  of 
f^h»  stem  from  the  foremo.^it  end  of  the  keel,  joining  with  the 
e  of  the  head:  its  use  is  to  defend  the  lower  part  of  the 
m  from  injury,  but  is  often  made  the  larger,  that  the  ship 
itj-  keep  a  good  wind.    S^e  the  article  Fork  foot. 
Gkipk  nfa  Skip,  is  the  compans  or  sharpness  of  her  stern 
~er  water,  chiefly  towards  the  bottom  of  her  stern.    The 
sign  of  shaping  her  so  is  to  make  her  gripe  the  more,  or  keep 
food  wind,  for  which  purpose,  sometimes  a  false  stem  is  put 
ton  the  true  one. 

ORIPES,  a  machine  formed  by  an  assemblage  of  ropes, 

~t,  and  dead-eyes,  and  used  to  secure  the  bouts  upon  the 

of  a  ship  at  sea,  and  prevent  them  from  being  shaken  by 

laboaring  of  the  vessel.    The  hooks,  which  are  fastened  at 

ir  ends,  are  fixed  in  ring  bolts  in  the  deck  on  each  side  of 

boat;  whence,  passing  over  her  middle  and  extremities, 

r  are  extended  by  means  of  the  dead  eyes,  so  as  to  render 

boats  firm  and  secure. 

^^RIPING,  the  inclination  of  a  ship  to  run  to  windward  of 

eonrse,  particularly  when  she  sails  with  the  wind  on  her 

^^m  or  quarter:  this  effect  is  partly  occasioned  by  the  shock 

^e  waves  that  strike  the  ship  perpetually  on  the  weather 

,  and  force  the  stern  to  leeward  ;  but  principally  by  the 

Bent  of  the  sails,  which  disposes  the  ship  continually  to 

e  to  windward,  while  in  this  situation  of  sailing ;  Id  tocb 

they  say,  she  gripes  or  is  griping. 


GRIT,  a  genus  of  argillaceous  earths,  with  a  texture  more  or 
less  porous,  equable  and  rough  to  the  touch.  It  neither  gives  fire 
with  steel  nor  efl'crvesces  with  acids.  When  fresh  and  breathed 
on,  it  exhales  an  earthy  smell.  Its  specific  gravity  varies  from 
2^  to  2.6.  and  is  used  for  mill-stones  and  whet-stones,  and 
sometimes  fur  filtering-stones  and  building. 

GROts,  a  general  name  for  any  spirituous  liquor  and  water 
mixed  together;  but  is  more  particularly  applied  to  rum  and 
water  cold  without  sugar. 

GROIN,  among  liuilders,  is  the  angular  curve  made  by  the 
intersection  of  two  semi -cylinders  or  arches  ;  and  is  either 
regular  or  irregular  i—repmlmr,  ns  when  the  intersecting  arches, 
whether  semirircular  or  semi-elliptical,  are  of  the  same  diame- 
ters and  heights,— and  irregular,  when  one  of  the  arches  is 
semirircular,  and  the  other  semi-elliptical. 

G  ROM  MET,  a  sort  of  ring  or  small  wreath  formed  of  a 
strand  of  rope  laid  in  three  times  round ;  used  to  fasten  the 
upper  edge  of  a  sail  to  its  stay  in  difl'erriit  places,  by  means  of 
which  the  sail  is  neeordindy  hoisted  or  lowered.  Instead  of 
grommets,  hanks  have  been  lately  introduced.  Set  the  article 
Hanks. 

GROSS,  in  law  l»ooks,  signifies  absotiite  or  independent  on 
another:  thus  an  advowson  in  gross  is  one  distinct  and  sepa- 
rate from  the  uiaiior. 

Gross  Jienk,  the  English  name  of  a  bird  called  by  authors 
loxia.     See  I^xiA. 

Gross  H>i5rA/,  the  whole  weight  of  merchandises,  with  their 
dust  and  dross ;  as  also  the  bag  or  chest  wherein  they  are  con- 
tained. An  allowance  is  usually  made  out  of  the  gross  weight 
for  tare  and  tret.    .SWTare. 

GROTI'O,  a  large  deep  eavern  or  den  in  a  mountain  or  rock. 

Grotto  del  Came,  is  a  little  cavern  near  Fossuoli,  two  miles 
from  Naples  ;  the  air  contained  in  it  is  of  a  mephitical  or  nox- 
ious quality,  it  is  in  truth  carbonic  acid  gas.  The  vapour  rises 
only  to  a  certain  height.  When  a  dog  or  any  other  creature  is 
forcibly  kept  below  it,  or  cannot  hold  its  head  above  it,  it 

f>resently  loses  all  motion,  and  falls  down  in  a  swoon,  the 
inibs  convulsed  and  trembling,  till  at  last  no  more  signs  of  life 
appear  than  a  very  weak  and  almost  insensible  lieating  of  the 
heart  and  arteries,  which,  if  the  animal  is  left  a  little  longer, 
quickly  ceases  too,  and  then  the  case  is  irrevocable  ;  but  if  it 
is  snatched  out  and  laid  in  the  open  air,  it  soon  comes  to  life 
again,  and  so<mer,  if  thrown  into  the  adjacent  lake.  The  elfeets 
arc  produced  merely  by  carbonic  acid  gas,  which  accumulates 
at  the  bottom  of  the  grotto.  A  human  being  is  perfectly  safe, 
because  the  gas  rises  only  a  short  way  from  the  bottom ;  but 
if  a  man  were  to  lie  down,  he  would  suffer  in  the  same  manner 
as  a  dog. 

Grotto,  is  also  used  for  a  small  artificial  edifice  made  in  a 
garden,  in  imitation  of  a  natural  grotto.  The  oulsides  of  these 
arottos  are  usually  adorned  with  rustic  architecture,  and  their 
inside  with  shell-work,  coral,  he.  The  following  is  a  good 
cement  for  grotto-work :  Take  two  parts  of  white  resin,  melt  it 
clear,  add  to  it  four  parts  of  bees-wax ;  when  melted  together, 
add  some  flour  of  the  stone  you  design  to  cement,  two  or  three 
parts,  or  so  much  as  will  give  the  cement  the  colour  of  the 
stone ;  to  this  add  one  part  of  the  flower  of  sulphur ;  first 
incorporate  all  together  over  a  gentle  fire,  and  afterwards 
knead  it  with  your  hands  in  warm  water.  With  this 
fasten  the  stones,  shells,  he.  after  they  are  well  dried,  and 
warmed  before  the  fire. 

GRfJI'Sn,  in  Painting,  the  surface  upon  which  the  figures 
and  other  objects  are  represented.    See  Painting. 

GROI.'NDING,  the  act  of  laying  a  ship  on  shore,  io  order  to 
bream  or  repair  her:  it  is  also  applied  to  mnning  sgroond 
accidentally  when  under  sail. 

GROIND  Ta(ki.f.,  a  general  name  given  to  all  sorts  of 
ropes  and  furniture  which  l>elong  to  the  anchors,  or  which  are 
employed  in  securing  a  ship  in  a  road  or  harbour;  as  eables, 
anchors,  bow-lines,  8cc. 

GROUP,  in  Painting  and  Scnlpture,  is  an  assemblage  of 
two  or  more  figares  of  men,  beasts,  fraits,  or  the  like,  which 
have  some  apparent  relation  to  each  other. 

Gaoiip,  ia  Masic,  one  of  the  diniButloas  of  long  notes,  which 
in  working  farm  a  sort  of  groap,  knot,  or  bask. 

GROUSE,  a  species  of  the  Tstros. 
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Culm. 

bo.  mi.  tec. 

U  15  0 
9  27  13 
7  31  14 
5     27     46 


GROWING,  impUei  the  direction  of  the  cable  from  the  ship 
towards  the  anchors,  as,  the  cable  fprows  on  the  starboard-bow, 
t.  tf.  stretches  oat  forwards  towards  the  board  or  tig^t  side. 

GRUB,  the  name  of  worms  produced  from  the  eggs  of  bee* 
tles»  which  are  at  length  transformed  into  winged  insects  of 
the  same  species  with  their  parents. 

GRUS,  the  Crane,  contains  thirteen  stars,  «tr.  one  of  the  2d 
magnilnde,  two  of  the  3d,  and  two  of  the  4th ;  and  the  whole 
constellation  culminates  with  Cygnus  and  Aqaarias<  bot  no 
part  of  it  is  visible  in  oar  latitudes.  /3,  the  brilliant  in  the 
eastern  wing  of  the  Crane,  and  of  the  2d  magoitude,  has 
XXI  ho.  d6mi.  68  sec.  right  ascension  in  Time ;  {Ann.  Var, 
3".84,)  and  47^  48'  60"  declination  south,  (Ann.  Var.  —  17'M6.) 
This  star  onlminates  for  the  1st  of  each  month  in  the  year, 
agreeably  to  the  following  table,  rectified  for  1822  in  astrono- 
mical time. 

Month.  [      Culm.  Month.        Ccjlm.  Month. 

bo.  mi.  tec.  bo.  mi.  teo. 

Jan.  3     10     16        May         19    21     S4        Sept. 

Feb.  0     68     20    ,    June         17     lU       4         Oct. 

Mar.        23       5     45         July  15     15       9         Nov. 

AprU     I  21     12     36         Aug.         13     10     41  |      Dec. 

GRYLLO  Talpa,  the  Mole  Cricket,  a  species  of  gryllus  with 
the  anterior  feet  palmated. 

GRYLLUS,  in  Natural  History ,the  Locust^  Gh^asshoj^per,  and 
Cricket,  K  genus  of  insects  belonging  to  the  order  hemiptera,  of 
which  there  are  61  species.  Among  the  most  numerous  species 
is  the  gryllos  migratorius  of  Linnaeus,  or  common  migratory 
locust.  Legions  of  these  animals  are  from  time  to  time  ob- 
served in  various  parts  of  the  world,  where  the  havock  they 
commit  is  almost  incredible :  whole  provinces  are  in  a  manner 
desolated  by  them  in  the  space  of  a  few  days,  and  the  air  is 
darkened  by  their  numbers ;  nay,  even  when  dead,  they  are 
still  terrible  ;  since  the  putrefaction  aiising  from  their  incon- 
ceivable number  is  such  that  it  has  h^o  regarded  as  one  of  the 
probable  causes  of  pestilence  in  the  eastern  regions.  One  of 
the  largest  species  of  locust  yet  known  is  the  f/n/llus  cristatm 
ofLinnasus,  five  or  six  times  the  size  of  the  gryllus  migrato- 
rius ;  and  together  with  some  others  of  the  large  kind,  is  made 
use  of  in  various  parts  of  the  world  as  an  article  of  food.  The 
gryllut  viridissimus  of  Linmeus,  one  of  the  lara:est  European 
species,  is  often  seen  during  the  decline  of  summer  in  oar 
own  coon  try. 

GUANO,  a  substance  found  on  many  of  the  small  islands  io 
the  South  Sea,  which  are  the  resort  of  numerous  flocks  of  birds, 
partieularly  of  the  ardea  and  ph<enicopterus  genus.  It  is  dug 
from  beds  fifty  or  sixty  feet  thick,  and  used  as  a  valuable  ma- 
nure in  Peru,  chiefly  fur  Indian  corn. 

GUARD,  in  a  general  sonve,  signifies  the  defence  or  preser- 
vation of  any  thing ;  the  act  of  observing  what  pastses,  in  order 
to  prevent  surprise ;  or  the  care,  precaution,  and  attention,  we 
nuike  use  of,  to  prevent  any  thing  happening  o'bntrary  to  our 
intention  or  inclinations. 

GuAKD,  in  the  Military  art,  is  a  duty  performed  by  a  body  of 
men,  to  secure  an  army  or  place  from  being  surprised  by  an 
enemy.  In  a  garrison  the  guards  aro  relieved  every  day,  and 
it  comes  to  every  soldier's  turn  once  in  three  days. 

GuA&D,  Adwaneed,  is  a  party  of  either  horse  or  foot,  that 
marches  before  a  more  considerable  body,  to  give  notice  of 
toy  approaching  danger. 

Guard,  Artillery,  is  a  detachment  from  the  arm .  to  secure 
the  artillery* 

GuAKD,  Mw%,  that  from  whence  ail  the  other  guards  are 
detached. 

GuAaOy  Piqitet,  a  good  number  of  horse  and  foot,  always  in 
readiness  in  case  of  an  alarm  ;  tlie  horses  are  all  the  time  sad- 
dled, and  the  riders  booted. 

Guard  Boat,  a  boat  appointed  to  row  the  rounds  among  the 
ships  of  war  in  any  harbour,  to  observe  that  their  ofiicers  keep 
a  good  look-out. 

Guard  Ship,  a  veisd  to  saperintend  the  marine  affairs  in  a 
harbour  or  river,  and  to  see  taat  the  ships  which  are  not  com- 
missioned have  their  proper  watch  duly  kept 

Guard,  in  Fmcm$,  is  a  posture  proper  to  defend  the  hody 
from  an  enemy's  sword.  There  are  several  guards  of  tho 
sword,  but  they  may  all  be  redoead  to  foor ;  to  foxm  a  pei&ct  ! 


idea  of  whidi,  we  must  sappose  a  cirde  dravn  on  ft  wmlly 
divided  into  four  cardinal  parts,  vtr.  top  and  bottoai»  risht  9mk 
left.  When  the  point  of  the  aword  is  direetcd  to  tlie  bottom 
of  the  cireloy  with  the  hilt  oppoaite  to  its  top,  the  body  ■■HHp'^ 
very  forwaid,  this  is  called  the  prime  or  first  f^aitL  Tbt 
second  guard  is  when  the  point  is  directed  ta  the  right  «raa» 
cond  point  of  the  same  circle,  with  the  hUt  of  tho  sword  tmuak 
to  the  left,  and  the  body  proportionably  raised-  The  tionrtar 
third  guard,  is  when  the  point  of  the  sword  ia  raiaed  to  tht 
uppermost  part  of  the  same  circle,  in  which  caso  the  bodr,  tht 
arm,  and  the  sword  are  in  their  natural  poaitioDy  and  ni  the 
mean  of  the  extremes  of  their  motion.  1  he  quart,  or  leutl 
guard,  is  when  the  point  of  the  eword  is  directed  to  tiM  fourth 
point  of  the  circle,  descending  to  the  right  as  far  as  ono-fMrtl 
of  the  tierce,  with  the  ootwani  part  of  the  arm  and  the  flat  if 
the  sword  turned  towards  the  groond,  and  the  body  oat  of  te 
line  to  the  right,  and  the  hilt  of  the  sword  towards  the  Kae  la 
the  left  There  is  also  a  qniot,  or  fifth  goard,  whidi  is  only  Om 
return  of  the  point  of  the  sword  to  the  right,  after  travanlRf 
the  circle  to  the  point  of  the  prime,  from  whence  it  had  depaiW 
ed,  with  a  difl'erent  disposition  of  the  body,  arnHy  and  swoi4 
The  common  centre  of  all  these  motions  ovgbt  to  he  io  ths 
shoulder. 

GuARD-Jron^,  curved  bars  of  irons  placed  over  the  onsu 
mental  figures  of  a  ship's  head  or  quarter,  to  defend  them  from 
injury. 

GUARDIAN,  in  Law,  is  one  appointed  to  take  care  of  a  per- 
son and  his  affairs,  who  by  legal  imbeoility  and  want  of  andcr* 
standing,  is  incapable  of  acting  for  his  own  interest  Guafdiia 
by  nature,  is  the  father  or  mother ;  and  by  the  common  law 
every  father  has  a  right  of  guardianship  of  the  body  of  his  ssa 
and  heir  until  he  attains  to  the  age  of  21  years.  This 
guardianship  extends  no  farther  than  the  custody  of  tbeialaBt's 
person.  The  father  may  disappuint  the  mother,  and  otbn 
ancestors,  of  the  guardianship  by  nature,  by  appointing  a  tcf> 
tamentary  guardian. 

Guardian,  by  the  Common  Law,  or  Guardian  in  Sweeagif 
may  be  thus  explained.  IT  a  tenant  in  soccage  die,  bis  heir 
being  under  14,  the  next  of  blood  to  the  heir,  to  whoa  the 
inheritance  cannot  descend,  shall  be  guardian  of  his  body  ai4 
land  till  14  ;  the  heir  after  14  may  choose  his  owp  gitardiai^ 
who  shall  oontlnue  till  he  is  21.  The  guardians  in  soeesff 
are  to  transact  all  afi*airs  in  their  own  narne^  and  not  in  the 
name  of  the  infant. 

GuARDi  AN  by  Statute,  orTestamentmry  Guardian*  By  the  ttatsM 
12  C 11.  c.  24.  a  father  may,  by  deed  or  « ill,  attested  by  two  wiU 
nesses,  appoint,  dispose  of  the  custody  of  his  child,  boroori»> 
born,  to  any  person  except  a  popish  recusant  convict,  either  is 
possession  or  reversion,  till  such  child  attain  21.  This  gnardias 
supersedes  the  guardian  in  soocage,  and  has  ail  actions  which 
that  guardian  might  have  had*  Besides  which  he  has  the  csie 
of  the  estate,  real  and  personal.  A  father  cannot,  ander  tUi 
statute,  appoint  one  to  his  natural  child.  The  chanecUor, 
however,  will  upon  application  appoint  the  same  penoi 
guardian. 

Guardians  by  custom  are  appointed  in  the  city  of  limdoB, 
io  the  county  of  Kent,  and,  witli  respect  to  copyhold  Undi,  ia 
some  manors. 

Guardian,  in  Chivalry,  is  obsolete,  bat  extended  to  twenty* 
one  years. 

Guardian,  by  appointment  of  the  lord  chanoellor.  llieeaBit 
of  chancery  is  the  only  proper  court  that  has  jurisdictioa  il 
appointing  and  removing  guardians,  and  in  preventing  tbea 
and  others  from  abasing  the  persons  or  estates.  Tlw  eomt 
determines,  as  to  the  right  of  gnardianship,  who  b  the  BeA 
of  kin,  and  who  the  most  proper  guardian ;  as  also  orden  ar» 
made  on  petition  or  motion  for  the  provision  of  infants  doiisf 
any  dispute  therein ;  as  likewise  guardians  removed  or  emip 
pelied  to  give  seoority ;  they  and  others  punished  for  abases 
committed  on  Infants,  and  effeotual  care  taken  to  prevent  a^f 
abases  intended  them  ia  their  |>ersons  or  estates.  All  eowti 
of  justice  appoint  guardians  to  ii^nts,  to  see  and  prosetuli 
their  rights  in  their  respective  courts  when  the  ooeaatoacatts 
for  it  There  are  also  some  cases  where  an  lofont  may  elefll 
a  guardiapy  and  the  court  o^chanccry  allows  him  te  da  JO 
after  14. 


DICTIONARY  OF  HBGHANICAL  aCtlMOK. 


O  U  H 


417 


RiMRDUN  ^  the  Spirilvtlht*,  It  ka  to  whon  Um  iplrituftl 
iyriidiolioa  or  any  dioccM  ii  eomniiued  dariBg  dwYseuMj 

OUDQBONS,  in  MachinerT,  ka*lBK  all  tha  wel|dit  on  tha 
akafi  to  tupporl,  OKKfat  to  bo  made  aafkienilf  atxm^  tor  that 
ponMic  i  ahila,  to  aToid  nimeceitary  friction,  lh«;  ahonld  be 
•aae  aa  until  in  diameter  ai  poiiible,  coaiiitentlj  with  the 
■vquiaito  itienKth  and  durabilitj'.  Wroufcbt  iron  bcin^  iininKer 
than  caat  iron  ia  about  tlie  ratio  or?  to  5,  will  bear  a  (crealer 
wej|ht;  jat,  cait  iron  beiflft  cheaper,  and  more  caiiif  ihaped, 
it  more  rreqaentlj  empiojed  for  ^d|[M)ni. 

RMittfor  tk*  Gudgtoiu  o/Wuir-wlit€U.—l.  The  cgbe  root  of 
Ika  waif  ht  of  a  water-wfaeel  i>  ImtidTtd  leeigku,  is  ncarif  equal 
to  the  ^Hufrr  in  iarAci,  of  a  «u<-(rm  ((iidf^on  luSicienlly 
atroiiC  to  aapport  auch  wheel.  2.  For  ^eitadm  watcr-»beeli, 
Boltipljr  tha  dittmeler  infett  b;  the  width  also  imferl,  to  which 
add  tlw  aqaare  of  kmlf  tit  Aatiuter :  the  cube  root  of  the  sum 
will  be  nearly  ecjnal  to  tbe  diameter  of  the  (cudKcon  »  inclu^. 

Theie,  of  oourae,  miut  be  rejcnrdeii  a«  appTOsimatian!! :  but 
it  haa  been  inferred  from  >e*eral  experiment*,  that  Kudpteou* 
of  tbe  tame  lise,  of  aait  and  of  wrou|;hl  iron,  are  capable,  at  a 
Medium,  of  aaitaiuing  wcighia  without  Beiurc,  in  iho  propor- 
ttoaofBto  14.  Upon  this  principle  ban  Iteen  computed  the 
fUlowinf;  table,  to  shew  the  propurlionale  dinmctcrs  of  cast- 
itM  and  wreugb^ilon  Kadgeont. 

T;iatB  e/Ca«l  aaff  Wraugkl  Iron  Gnd^toui. 


Diiwltr 

CubeafdiiMltrorenl- 

of  wroigtal  inii 
|:d(Ik»ii(. 

Di.»...r 

■rcul'iioi 

orwcooEhli.o^ 

i>Jr«» 

e«it.  •I.ic1.lh.ggj|. 

fu.<gf«..  in 

t>  iock«. 

™.b...,»lp.pl.. 

1- 

1- 

■0128571 

•B63054 

1-25 

ift-wias 

12i,5803 

l-()fi3340 

!■& 

3.375 

2\taWX7 

l'-25IHI21 

1-75 

5-35U37a 

3-14^125 

l-514»r) 

2- 

«■ 

5142a5TI 

i-70i«no 

»1» 

IIMOWBS 

7-32S;t732 

10I-2U33 

26 

15-625 

IU'U14(il2H 

2  151435 

V7\ 

aO'79(J875 

13-3fft)4IDa 

3-a^l335 

3 

27- 

17  357U:.'8 

3'5712lf2 

325 

34'32S125 

22  0e7l»a03 

2-802030 

3-5 

4-2-875 

27-50-Z5 

3-OIB2U4 

3  7a 

5-i-7M375 

33D00«»rt 

3-2390!  3 

4- 

64- 

41- 14-2867 1 

3-448217 

4-2 

76  785025 

40-34U33l>3 

3-650300 

4ft 

91-125 

58-5803571 

3881030 

4-7 

la7-171W5 

08  800 

4  101560 

6- 

IIV 

90-357 

4-3118870 

ft^ 

I44-7«J125 

U3-033 

4-530055 

aa 

1  no  375 

\W-9Xt 

4-747459 

fr7S 

IlKflOKJTJ 

12-2-213 

4-UJ9075 

6- 

216- 

13B-H57 

5-18(1101 

B-2a 

244-1  liHtt.5 

loO-OIH 

5-304090 

•■5 

27402.^ 

170  545 

5-000370 

8-74 

307-510875 

197-700 

582IV476 

7- 

.■M3- 

220-500 

0-041377 

7-25 

3S1  078125 

244-970 

0-2573-24 

7-5 

421-875 

271-205 

0-471274 

774 

465-4IM376 

380-240 

0-086883 

«■ 

513' 

330-143 

6003430 

M& 

Ml-515025 

3ffl>-»75 

7120307 

B-S 

11 4- 1-25 

3W7D5 

7-337234 

S7b 

eTO-93IS75 

4.10-604 

7A5368H 

9- 

720- 

4tM-G4.') 

7  708103 

046 

7lH-45.niii 

508  701 

7-9»4344 

»S 

875-375 

Ma-741 

8257363 

»7S 

»-i8-«5mT5 

Aaj-lt37 

8415541 

10- 

lOllO- 

042-867 

8031103 

10-35 

1l*7a'800R25 

003-287 

8-815085 

10-a 

11.W023 

744  187 

B-oei300 

10^6 

1242  2U6875 

798010 

0-279308 

11- 

1331- 

e55-Ma 

0-403509 

ExflwrnuHa*  tflht  TaU»  ^Cmt-im  and  ITretyb-iren  Gmd- 
femM. — Column  1  and  3  are  the  same  a*  those  calculated  for 

saat-iron  guditeona.  Colnmn  3  eooiains  niimberi  in  the  pro- 
portion of  9  to  14  leas  than  those  in  column  2.  Coloron  4  eon- 
taint  the  cube  root  of  oolomn  3,  or  the  diameters  of  wrDn^hl- 
iron  Kodiceons,  havinf  the  same  atreng th  aa  those  of  cast'iron 
in  ci^umn  I. 

Vit  ef  ikt  TaUr.— Example.  To  find  the  diameter  of  a 
wrouf:ht-iron  f^odKeon  of  the  same  strenttlli  with  one  of  raat- 
iron  of  3  inches  diameter;  Look  on  the  lit  column  for  3,  and 
on  tbe  name  line  in  the  4Ih  column  will  be  found  2-571283.  that 
is,  a  little  more  than  21  inches,  the  diameter  reqoirrd  of  the 
wrought-iron  fcudgeon.  The  numbers  in  the  3d  column.  hcinK 
the  cube  of  those  in  the  4th,  another  use  majr  be  made  of  iMa 
part  of  the  table.  For,  supposing  the  4lh  column  to  reprrient 
cast-iron  icud|[oons,  the  3d  column  will  reprcscDt  the  hundred 
wci|[hti  wbicli  oasl-iroa  gndKeons  of  those  diamelen  ahonld 

GCtACUM.  or  Gi.-ai*c(J)i,  is  a  gum  resin,  eKtmcled  from  • 
West  Indian  tree  called  the  pcuaiacum  officinale.  A  part  issoln- 
b)e  in  water,  the  rest  in  alcohol.  It  is  Dsed  in  syphilis,  and 
Other  complaints ;  chiefly  in  rheumatism,  dissolTed  in  ammonia. 

GUILD,  or  GiU,  a  fraternity  or  company.  Among  the 
Saxons  the  law  enacted,  that  eierj  frccmno  of  14  years  of  age 
should  find  aecuritiea  to  keep  the  peace,  or  be  committad ; 
upon  which  the  neighbours  entered  into  an  association,  and 
became  bound  for  each  other,  either  to  produce  him  who  eooB- 
millcd  any  otTenee,  otto  make latisfact ion  to  ihcinjarcd  party, 
in  order  to  which  they  raised  a  som  among  themselves,  which 
they  put  into  a  common  atook.  Theiie  gnildi  are  now  compa- 
nies, with  laws  and  orders  made  by  themselves,  by  the  licensv 
of  the  prince. 

Ul'lNEA,  agold  coin  struck  in  Enjiland.  The  ponsd  weight 
troy  of  gold  la  cat  into  44  parts  and  a  hnlf,  and  each  part  makes 
a  guinea,  which  ia  therefore  eigoal  to  ^Ib.  or  Hob.  or  A  dwU. 
IWlir- 

GUITAR,  or  Guimxa*,  a  musical  inatrament  with  Svs 
double  rowa  of  atrings,  of  which  ihoae  that  are  baia  are  In 
the  middle. 

Gl'H.athlek  transparent  Ualelesa  fluid,  that  exudes  frooa 
certain  apeoies  of  treea.  It  is  adhealre,  and  gradually  harden* 
without  losing  iti  transparency.  Gun  ia  chiefly  obtained  from 
different  apeciea  of  the  mimosa,  particularly  M.  Nilotica,  K 
native  of  Egypt  and  Arabia,  which  i*  known  by  the  name  ot 
gum  arable.  The  specific  gravity  of  gum  Is  about  1.4.  Itli 
not  changed  by  exposure  to  the  air,  but  is  deprived  of  Its  eolonr 
h^  the  action  of  the  sun.   By  beat  it  becomes  solt.  and  la  s^- 


dily  reduced  to  the  slate  of  charcoal,  which  e 


s  largely  Into 


drogeu,  and  oxygen,  with  amalfer  proportion!  of  nitrogen 
and  lime.  Tbe  oxygeo  is  mnoh  less  in  quantity  than  the  aae- 
charine  matter. 

Gum  readily  diasolvef  in  water,  and  the  solution,  whieh  ia 
thick  and  adhesive,  is  known  by  the  name  of  mucilage.  Ilia 
soluble  also  in  the  vegetable  acids.  Salpbnrlc  acid  dccompoaea 
ft,  and  converts  it  Into  water,  acetic  acid,  and  charcoal.  Wllk 
the  assistance  of  heat,  muriatic  add  and  nitric  add  prmlucen 
aimilar  elfect.  It  is  Insoluble  in  alcohol  and  ether.  Such  are 
the  chief  properties  of  gun  arable.— There  are,  besides  thli, 
other  gunis.  of  which  the  principal  is  denominated  tragacantb, 
from  the  astragalus  tragacanth a,  a  native  of  the  iiland  of  Crete, 
which  is  in  the  form  of  vermicular  maiscs ;  it  is  less  tranipa- 
rent  and  more  adhesive  than  gnm  arable.  In  our  gaidrna  and 
orchards,  we  Tnd  gum  exuding  from  the  cherry  and  plnn 
trees,  which  dilTeri  chiefly  from  gum  arable  in  being  aofler  and 
more  soluble.  Gnm  in  a  state  of  mncilagD  ciists  Id  the  roota 
and  leaves  of  a  number  of  plants.  It  is  moll  abundant  in  bnl> 
Ikios  roots,  and  of  Ibese  the  hyacinth  seemi  to  contain  th« 
I.-irgesI  (luaottly.  A  pound  of  the  bulbs  of  this  root,  when 
dried,  yields  four  onocca  of  a  powder,  which,  when  macerated 
in  water,  gives  a  mucilage  that  acta  well  as  a  aiordaal  for 
filing  the  colonra  in  calico  printing.  Gum  Is  used  in  medicine, 
and  la  considered  as  a  specific  againat  tbe  atrangnry  o 


ed  by  falislerri ;  it  eoujtltulei,  nnder  particular  foi 
tiona  food,  umI  tl  fs  an  taportnnt  artlele  i>  tbe 
sTink. 
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GuH  Rfiint,  are  certain  sobstaaoof  that  bavQ  beMi  need  Id 
medioiDe.  Tbey  are  aJl  solid,  generally  brittle  and  opaqae« 
have  a  strong  smell,  and  a  pqngent  and  bitier  taste.  Tbey 
consist  chiefly  of  gum  and  resin,  the  proportions  varying  with 
the  particular  substance.  Tbey  are  prooared  by  wounding  the 
plants  which  contain  them.  The  principal  of  the  gum  resins 
are,  1.  Ammoniac.  2.  Asafoetida.  3.  Eupborbicun.  4.  Oai- 
banum.  6.  Gamboge.  6.  Myrrh.  7*  Oppoponax.  6f  Sapa- 
gennm,  supposed  to  be  had  from  the  ferula  persica.  All 
the  gum  resins  which  have  been  analyied  have  been  found  to 
contoin  ammonia. 

GUN,  called  by  the  general  name  of  Cannon,  (see  that  arti* 
de,)  and  distinguished  by  the  epithet '  great  gun'  from  the  small 
gonSy  firelocks,  muskets,  blunderbusses,  &o.  See  the  Plate  of 
Guns. 

A  truly  fortified  great  iron  gun  ought  to  measure  eleven  dia* 
ineters  of  the  bore  at  the  circumference  of  the  base  ring,  nine 
diameters  at  the  trunnions,  and  seven  at  the  circumference  of 
the  mussle  ring. 

A  truly  fortified  great  brass  gun  should  measure  two  diame- 
ters less  at  each  place  of  measurement  than  the  iron  gun ; 
that  is  to  say,  nine  diameters  of  tlie  bore  at  the  cirenmference 
of  the  base  ring ;  seven  at  the  trunnions,  and  ^ye  at  the  moeEle 
ring. 

In  order  to  discover  when  a  gun  quadrates  or  hangs  well  In 
the  carriage,  it  ought  to  measure  in  length  seven  times  her  own 
diameter  at  the  vent ;  the  trunnions  ought  to  be  placed  at  the 
flistanoe  of  three  diameters  from  the  base  ring;  then  there  will 
femain  four  diameters  in  distance  from  the  muezle. 

In  order  to  discover  whether  the  carriage  is  proper,  and  of 
dqe  length  for  the  gun,  it  ought  to  be  five«eighths  the  length  of 
the  gun,  and  then  the  eye  will  easily  discover  if  it  be  wide 
enough,  and  high  enough,  or  too  high. 

To  dispart  a  gun,  in  order  to  take  proper  aim  at  tlie  given 
plueot,  insert  a  priming  wire  into  the  vent,  and  let  it  touch 
the  lower  part  of  the  metal  of  the  bore  ;  mark  the  wire  close  to 
the  vent,  take  it  out,  and  rest  it  on  the  lower  metal  of  the  rose 
Ht  the  muaale,  and  the  distance  between  the  muaode^ring  and 
marked  part  of  the  wire  is  the  height  of  the  dispart. 
i  In  order  to  find  the  thickness  of  the  meUl  at  the  vent,  trun- 
Vdons,  and  mnvsle,  take  the  diameter  of  the  gun  at  the  vent,  and 

lay  it  down  thus  | |  ,  which  will  express  the  diameter ; 

then  insert  a  piiming  wire  into  the  vent,  and  let  it  rest  on  the 
lower  metal ;  mark  it  close  to  the  vent,  and,  taking  it  out,  lay 
the  mark  pn  the  ii«e  of  the  diameter,  thus  :  |  — ^  |  ^-^  J  . 
Crook  then  the  end  of  the  wire  a  little,  that  it  may  enter  the 
vent,  and,  inserting  it  a  second  time,  turn  it  round  till  it  catch- 
es 4ie  upper  metal  of  the  bore ;  then  mark  it  again  close  to  the 
vent,  set  ofl*  the  distance  on  the  same  line  of  the  diameter,  and 
niark  bow  far  it  reaches  from  the  end  of  the  line,  thus ; 


I- 


I 


B 


I 
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Then  will  A  and  A  represent  the  thickness  of  the  metal,  and 
B  the  bore  of  the  gun ;  and  if  the  portions  A,  A  of  the  line  are 
equal  to  each  other,  the  thickness  of  the  metal  is  equal,  and,  of 
course,  the  gun  centrally  bored.  Girt  then  the  gun  at  the  trun- 
nions with  waxed  twine,  and  if  it  measures  nine  diameters  of 
the  bore,  the  eun  is  so  far  truly  fortified.  Observing  the  same 
operation  at  the  muzade,  where  it  is  to  measure  seven  diame- 
ters, the  process  is  complete. 

In  order  to  discover  whether  a  gun  is  truly  bored,  take  a 
apare  spon^ei-stafl*,  and  fix  on  it  a  rammer-bead,  strike  a  chalk- 
line  on  It,  irorn  one  end  to  the  other,  and  put  it  into  the  gun  as 
far  as  it  will  go,  keeping  the  chalk  line  uppermost,  and  exactly 
in  the  centre ;  then  prick  down  the  vent  with  a  priming  wire, 
andif  youfind,  on  taking  out  the  rammer,  you  have  pricked 
into  the  chalk-line,  you  may  reasonably  conclude  the  gun 
is  truly  bored ;  but  if  you  miss  the  chalk  line,  that  it  is  not. 

In  order  to  discover  when  a  gun  is  honey  •^combed,  take  a 
spring  searcher  with  ^ve  prpngs  and  a  reliever :  mnsile  the 
searcher,  and  ram  it  home  in  tl^e  gnn  j  take  olT  the  reliever,  and 
keep  turning  the  searcher  backwards  and  forwards  ;  you  will 
eaafly  discover  whether  it  catches ;  when  it  docs,  mark  the 
staff  close  to  the  musde ;  then  turn  the  searcher  again  as  be- 
fore, and  whenever  it  catches  again,  mark  the  staff  as  in  the 


former  instaoee ;  so  thai  by  laying  the  staff  when  drawn  out 
on  the  outside  oif  the  gnn,  yoa  may  nearly  Judge  where  the 
honey-combs  are. 

In  order  to  discover  the  depth  of  the  faoney-eombs,  take  a 
searcher  with  one  prong  and  a  reliever :  arm  the  end  of  the 
prong  with  wax,  then  ram  it  home  in  the  gun :  take  off  the  te. 
liever,  and  turn  the  searcher  till  it  catches  ;  then  will  the  i». 
pression  made  in  the  wax  shew  the  shape  and  defth  of  the 
honey-comb* 

If  the  honey-oomb  on  either  side  or  on  the  lower  metal 
between  the  breech  and  the  reinforce  ring  is  three-tenths  of  aa 
inch  deep,  the  gun  is  to  be  condemned ;  if  on  the  apper  metal, 
four-tenths ;  if  on  any  part  without  or  beyond  the  reuiiaite 
ring,  five-tenths  are  sufficient. 

N.  B.  A  most  ingenious  instrument,  inveiited  by  Ae  Isle 
General  Desagnliers,  and  since  brought  to  the  greatest  perft^ 
tion,  has  totally  superseded  the  use  of  this  oontrivanee.  AH 
guns  intended  for  sea  service  are  now  previoaaly  examined  by 
proper  oflficers  belonging  to  the  ordnance  board,  who,  by  meaas 
of  this  instrument,  being  able  to  ascertain  with  the  greatsil 
precision  the  state  and  defects  of  any  gun,  after  a  Tory  shoit 
examination,  of  course  reject  all  those  which,  either  fromaat^^ 
ral  defect  or  subsequent  injury,  appear  unfit  for  his  mi^jeftj^f 
service. 

To  discover  whether  a  gun  is  sound  or  oraeked,  strike  a 
smart  blow  on  it  with  a  hammer :  if  it  rings  clear,  it  may  be  eoa- 
eluded  the  g^n  is  sound  ;  if  it  jars,  or  emits  a  hoarse  sound,  it 
is  most  probable  the  gun  is  cracked.  Or  the  following  method 
may  be  taken :  stop  the  vent,  and  take  a  piece  of  touchwood; 
pat  it  into  the  gun,  and  stop  the  mussle  securely  ;  let  the 
touchwood  remain  in  the  gun  four  or  five  minntes :  if  the  gos 
is  cracked,  the  touchwood  will  bum  out ;  if  the  gun  is  sooad, 
it  will  be  extinguished. 

In  fitting  a  shot  to  a  gun,  divide  the  diameter  of  the  boie 
into  twenty  equal  parts,  and  the  diameter  of  the  shot  oogkt  to 
be  nineteen  of  those  parts. 

With  respect  to  the  proper  proportion  of  powder,  eighieea- 
pounders  and  all  inferior  calibers  require  half  the  weight  of 
the  shot ;  for  all  above,  there  are  certain  rules  to  find  the  proper 
proportion  by. 

In  order  to  secure  a  gun,  if  it  break  loose,  cut  dowrn  the  hsn- 
mocks,  trip  the  gun,  and  lash  it  to  the  ring-bolts  of  the  side  tiD 
fine  weather.  To  clear  it  when  a  bit  Is  broken  in  it,  draw  the 
gun,  and  cprinkle  powder  with  a  ladle  from  the  breech  tothr 
musale ;  this  done,  drive  in  a  tight  tompion  with  a  small  seoic 
in  it,  and  blow  the  gun  off. 

If  a  shot  has  fetched  way  in  the  gnn,  in  order  to  secare  it 
damp  the  powder  or  split  the  tompion :  then  insert  a  fspe 
sponge  of  a  small  size,  and  drive  the  wad  home. 

If  in  loading  the  gun  the  shot  sticks  by  the  way,  and  if,  is 
firing  it,  it  splits,  and  you  cannot  draw  the  gun ;  in  order  to 
free  it,  the  powder  must  be  damped,  and  while  that  is  soaUaf 
some  powder  must  be  mealed,  and  the  gnn  primed,  geUaag  ss 
much  powder  down  the  touch-hole  as  possible;  then  thagaa 
mnst  be  fired  off. 

When  a  ship  is  going  to  sea  immediately,  the  articles  which 
should  be  ready  for  action  are,  the  powder  filled,  the  powdc^ 
horns  and  partridge  or  grape  shot  between  the  guns,  hamncrad 
shot  in  the  buckets,  crows  and  hand-crows,  levers  at  the  gias; 
nets  and  cheeses  of  wads  fore  and  aft ;  the  match-tnbs  ia  Ibev 
proper  places,  the  matches  ready,  the  lockers  full  of  shot,  the 
spare  tackles  and  breechings  ready,  wet  swabs  at  the  doer  cf 
the  magasioe  and  heads  of  the  ladders ;  the  boxes  of  haad-gr^ 
nades  ready  for  the  tops. 

The  thickness  of  the  metal  of  a  gun  at  the  vent  sfaouldbeose 
diameter  and  a  quarter  of  the  bore :  in  an  ensageraent,  there 
should  be  one  man  to  every  five  hundred  weight  of  metaL 

The  pointing  of  a  gnn,  so  as  to  strike  distant  objeeta»  de- 
pends on  two  things,  viz.  1.  Tracing  on  the  outside  of  thepieoe 
a  visual  line  parallel  to  the  axis,  which  is  called  disparting^ 
and  is  perfbrmed  by  taking  half  the  difference  of  the  diameten 
of  the  muzzle  and  base-ring  and  setting  it  perpendicular^  oa 
the  muszle-ring  directly  over  the  centre :  for  Uien  a  line  muA 
passes  from  that  point  in  the  base-ring,  will,  when  the  piece  if 
truly  bored,  be  parallel  to  its  axis.  3.  The  other  operatiee  if 
the  determining  the  allowaniSb  to  be  made  ia  distant  shot  kt 


O  U  N 


DICTIONARY   OP  MKCHANICAL  SCIRNCtt. 


G  €  N 


410 


the  iA£ur¥stloo  of  th«  ii|ctit  of  the  bullet ;  this  in  icreater  or  less 
{cmtwrii  purihu)  accordiDK  to  the  diflTerent  cbarget  of  powder 
made  use  of. 

N.  B.  The  forei^oinf^  principlee,  remarks,  &c.  are  applieable 
chiefly  to  marine  artillery,  or  sea  batteries ;  the  details  to  be 
foaad  ander  the  words  Cannon,  Cannoii adb,  fcc.  will  be  read 
to  adf  antage,  io  oonjunction  with  the  foregoing  and  saceeed- 
Ing  articles. 

The  Morning  GcN»  a  gun  6red  by  an  admiral  or  commodore 
mi  day -break  e?ery  morning. 

The  Ettning  Gun,  one  tired  by  the  above  at  nine  o'clock  in 
•mmner  and  eight  o'clock  in  winter,  every  night. 

OuN  Bomt,  a  boat  fitted  to  carry  one  or  more  cannon  in  the 
bow,  so  as  to  cannonade  an  enemy  while  she  is  adraneing 
towards  him:  they  are  principally  useful  In  fine  wcath4T, 
smooth  water,  and  shallow  ground,  to  cof  or  the  landing  of 
troops,  or  on  such  occasions. 

Gunner  of  a  Skip  of  War\  an  oflieer  appointed  to  take  charge 
of  the  ammunition  and  artillery  aboard,  to  keep  the  latter  pro- 
perty fitted  and  in  order,  and  to  teach  the  sailors  the  exercise 
of  the  cannon. 

Gunner's  Mate,  a  petty  officer  appointed  to  assist  the  gnn- 


PercutsioH  Gin.  See  PfcRCUSsioN.  It  has  been  priiposed  to 
iienite  great  guns  and  hand-<n^nadcs  by  means  of  percussion 
caps,  and  there  can  be  no  doubt  of  the  practicability  of  this 
design ;  but  as  wc  haie  not  >et  receivetl  any  certified  aocnuuts 
of  actual  experiment  on  tiiia  application  of  the  principle  of 
percussion,  we  shall  do  no  more  than  touch  upon  the  subject, 
tiU  we  come  to  the  word  Percussion. 

Qiurter  Gunnkrs,  men  placed  under  the  direction  of  the  gun- 
ner to  perform  any  work  relating  to  the  cannon,  Nx.  which  he 
■lay  command :  their  number  is  always  proportioned  to  the 
Mimt>er  of  the  ship's  artillery,  one  quarter-gunner  beio^  allow- 
od  to  every  four  guus. 

Gun  Room,  an  apartment  on  the  after  end  of  the  lower  gon- 
deck,  of  large  ships  of  war,  partly  occupied  by  the  gumier,  but 
so  friKates  and  smaller  f  esseLi,  where  it  is  below,  it  is  used  by 
tk9  licutf^nants  as  a  mess  room. 

Gun  Shot^  implies  the  distance  of  the  point-blank  range  of  a 
oanoon-shot ;  a  ship  is  therefore  said  to  be  within  gun-shot 
when  sh«*  is  witliin  that  distance. 

Gun  7acA/r«,  are  pulleys  affixed  to  each  side  of  the  carriage ; 
their  use  is  to  run  the  gun  out  of  the  port,  or  to  secure  it  whan 
otsea. 

GUSNKRY,  the  art  of  charging,  directing,  and  exploding 
oil  kinds  of  fire-arms,  though  the  term  is  more  commonly 
ffoatrictcd  to  tlw  larger  pieces  of  ordnance,  ns  cannons,  mor- 
tara,  kc. 

To  this  art  belongs  the  knowledge  of  the  fiirce  and  effect  of 
gunpowder,  the  dimension  of  the  pieces,  and  the  proportions  of 
ikm  powder  and  ball  they  carry,  with  the  methods  of  adjusting, 
poioting,  sponging,  &c.  Gunnery  may  be  therefore  divided 
wto  theoretical  and  practical,  which  equally  belonic  to  a  work 
of  this  descriptioo.  Theoretical  gunnery  consists  io  com- 
puting the  angles  of  elevation,  the  impetus  of  pmjectioo,  the 
voBgt  of  the  ball,  ice.  from  certain  data  previnnsly  established ; 
wo  may  also  consider  those  experiments  which  have  been 
■ftde  with  a  view  to  ascertain  the  veloeitv  of  projection  with 
f(iven  charges,  the  resistance  of  the  air,  the  deflection  of  the 
ball  or  of  the  p^un,  &c.  ns  formin};  n  nurt  of  theoretical  fninnery. 
But  the  best  Introduction  we  can  oner  to  the  practical  ruloa  of 
gunnery,  will  be  a  Kcneral  view  of  the  PmraMie  Theory  of  the 
motion  of  projectiles  m  vacuo ;  that  is,  of  the  mathematical 
ptinctples  by  which  the  several  circumstances  relative  to  their 
aotBon  night  he  determined,  if  their  progress  was  not  impeded 
or  disturbed  by  the  air. 

PcraMir  Tkeary  of  Gummertf. — The  motion  of  a  falling  body 
io  uniformly  aoeelerated,  and  that  of  a  body  thrown  straight 
upward  is  uniformly  retarded.  A  falling  body  acquires  an 
■ugrnase  of  9H  fat  per  second  in  every  second  of  its  fall,  and 
no  nmondiug  Imdy  has  its  velocity  lessened  as  much  during 
every  second  of  its  ri.*<e. 

Tko  space  described  during  any  portion  of  time  by  a  motion 
unUbrmfy  aeeeleratrd  from  res|,  is  one  half  of  the  space  unU 
y  daocribod  in  the  aamo  time  with  the  final  voloolty  of  the 
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aeoelerated  motion ;  and  the  spaees  <leseribed  from  the  begin- 
ning of  the  motion  arc  as  the  squares  of  the  times. 

When  a  body  is  projected  in  any  direction  not  perpendicular 
to  the  hfirizon.  it  will  describe  a  parabola,  of  which  the  axis  is 
perpendicular  to  the  horixon. 

Let  the  body  be  projected  from  the  point  A  {^f^.  1,)  in  the 

direction  A  L,  with  the  velocity  which  a  heavy  body  would 

Fiff,  1 .  acquire  by  falling  freely  through 

the  space  C  A ;  the  body,  by  the 
continual  action  of  gravit}\  will 
be  continually  deflected  from 
the  line  A  L,  and  will  describe 
the  parabolic  curve  A  V  H,  of 
whieii  the  vertical  line  C  A  P  is 
a  diameter,  A  the  vertex  of  this 
diameter,  and  A  L  a  tangent  at 

Tlirough  V,  H,  any  two  points 
of  the  curve,  draw  V  K,  B  L. 

Barallel  to  C  A,  meeting  A  L  in 
[  and  L ;  and  draw  V  F,  D  G, 
parallel  to  A  L,  meeting  C  A 
proflnced  in  F  and  G.  7*hen 
let  K  V,  L  K,  be  the  spaces 
through  uhieh  the  body  would 
descend  by  its  gravity  in  the 
same  times  in  which  It  would 
uniformly  pass  over  the  corre- 
sponding spaces  A  K,  A  L,  by 
the  projectile  motion;  it  is  plain, 
from  the  composition  of  mo- 
tions, that  the  body  would  ar- 
rive at  the  points  V,  B,  of  the 
tuTXo  in  the  same  time  that  it 
wonid  have  uniformly  described 
A  K,  AL,  with  the  velocity  of 
the  projection,  or  that  it  would  have  fallen  through  A  F,  A  O. 
lint  because  the  motion  aloii^c  A  L  is  uniform,  A  K  is  to  A  L, 
as  the  time  of  describing  A  K  to  the  time  of  describing 
A  L.  And  because  the  motion  through  A  G  is  uniformly 
accelerated.  A  F  is  to  A  G  as  the  square  of  the  time  of  de- 
scribing A  P  to  the  square  of  the  time  of  describing  A  O ; 
that  isi  as  A  K*  to  A  li>.  or  as  V  F>  to  B  G«.  Consequently 
the  curve  is  such  that  the  abscisses  A  F,  AG,  are  as  tho 
squares  of  the  corresponding  ordinatrs  V  F,  H  G ;  that  is,  tho 
curve  is  a  parabola,  and  A  L«  parallel  to  the  ordinates,  is  a  tan- 
gent at  the  point  A. 

If  a  body  be  projected  from  any  point  A  {fig.  1,)  in  any  direr* 
tion  AL,  with  the  velocity  acquired  by  falling  from'C;  the 
horiaoatal  line  C  E,  drawn  through  the  point  C,  is  the  direcirig 
of  the  parabola  described  by  the  body. 

Take  AFzz  CA,  then  the  time  of  falling  through  AF  is 
equal  to  the  time  of  falling  throu^rh  C  A ;  but  A  K  is  desorihed 
with  the  veloeitv  acquired  by  falling  through  CA,  and  there- 
fore AK  =  OCA,  and  VF=  2AF;  consequently  VF»s 
4AF»=:  4AF  x  AF  =  4CA  x  AF;  butina  parabola,  the 
square  of  any  ordinate,  ns  VF,  is  equal  to  tlio  rectangle  of  the 
ooiresponding  absciss  A  F,  and  the  parameter  of  that  diameter ; 
therefore  4  C  A  is  the  parameter  of  the  diameter  A  G,  and  siooe 
C  A  is  i  of  the  parameter.  C  K  is  therefore  the  directrix  of  the 
parabola  described  by  the  body  projected  from  A,  with  the 
velocity  acquired  by  fallln;;  from  C. 

Hence,  since  this  is  true  for  any  other  point  of  the  curve,  the 
velocity  of  the  projectlL*  in  any  point  of  its  path  i^  the  xame 
that  it  would  have  acquired  by  falling  fri-civ  fr(»in  the  height  of 
the  directrix  to  that  point. 

The  times  of  describing  the  diflerent  arc*  \  V,  A  V  B,  are 
evidently  as  the  parts  A  K.  A  1.,  of  the  tangent,  or  as  the 
corresponding  parU  C  I>.  C  E.  of  the  directrix  ;  therefore  the 
motion  estimated  horiaontally  is  uniform. 

We  shall  now  briefly  appiv  these  principles  to  tlie  eonstnie- 
tfoQ  and  solution  of  the  leadfng  problems  in  gunnery. 

The  velocity  produced  by  the  explosion  of  a  quantity  of  cus. 
tMiwder,  is.  in'  tlie  preceding  theory,  conceived  to  be  produced 
by  a  fan  fmm  a  eertain  height,  by  the  proportion  of  whicfi  Ifi 
qnamlty  eon  be  aecnralely  detenniBed. 


490 


GUM 


DICTIONARY   OP  MKCHANICAL  8C1BNGE. 


6  U  K 


The  height  C  A,  (fig.  2,)  for  producing  the  Telooity  of  pro- 
jection, is  called  the  Impetus. 

The  distance  A  B,  between  the  piece  of  ordnance  and  the 
object,  is  called  the  Amplitude  or  Hange, 

The  angle  contained  between  the  direction  of  the  mortar  and 
the  horizontal  plane,  is  called  the  angle  of  Elevation, 

Problem  1. — A  shell  is  proposed  to  be  thrown  from  the  point 
A,  with  the  velocity  acquired  by  falling  through  C  A,  in  order 
to  hit  the  object  B ;  the  direction  A  D  of  the  projection  is 
required.    (Fig.  2.) 

Take  A  Z  =  4  C  A,  and  on  Fig.  2. 

A  Z  describe  an  tire  of  a  circle 
containinp:  an  angle  equal  to 
DBA  (Euclid,  iii.  33);  draw 
the  vertical  line  B  D  d[  cutting 
the  circle  in  D  and  d,  and  join 
Z D,  Z </,  and  AD,  \d;  then 
either  AD  or  A ef  is  the  direc- 
tion required.  For,  produce 
C  A  downward,  and  draw  B  F 
parallel  to  A  D,  because  A  B 
touches  the  circle  in  A,  and 
A  Z  cuts  it,  the  angle  A  D  Z  is 
equal  to  the  angle  ZAG  := 
DBA,  and  the  alternate  angles 
ZAD,  ADBare  equal;  the 
triangles  ZAD,  A D  B,  are 
therefore  equal,  whence  BD 
:  D  A  : :   D  A  :  A  Z,  conse- 

Suently  DA*=BDx  AZor 
IF'  =  AF  X  AZ  =  AE  X 
4 AC.  Therefore  a  parabola, 
of  which  AF  is  a  diameter, 
and  A  Z  its  parameter,  will 
pass  through  B,  and  conse- 

2uently  a  shell  projected  from 
k,  in  the  direction  A  D,  with 
the  velocity  acquired  by  falling 
through  C  A,  will  describe  the 
parabola  Av  B,  and  hit  theobjeet  B. 

By  similar  reasoning,  it  roav  be  shewn,  that  the  shell,  if  pro- 
jected with  the  same  velocity,  in  the  direction  A  d,  will  describe 
the  parabola  A  V  B,  and  therefore  also  bit  the  object  B. 

Cor.  1.  When  the  vertical  line  through  B  cuts  the  circle,  it 
always  cots  it  in  two  points  D  and  d,  either  of  which  will 
answer  the  conditions  of  the  problem. 

Cor,  2.  When  the  vertical  line  through  h  only  touches  the 
circle,  there  is  but  one  direction  A  <f ,  in  which  the  body  can  be 
projected  to  hit  the  object  h ;  this  direction  evidently  bisects 
the  angle  Z AB,  and  from  it  the  directions  AD^Ad^  are  equi- 
distant ;  also  A  ft  is  the  greatest  range. 

Problem  2. — A  shell  is  proposed  to  be  projected  from  the 
point  A,  in  the  direction  A  D,  with  the  velocitv  acquired  by 
falling  through  C  A ;  the  distance  to  which  it  will  reach  on  the 
line  A  B  is  required.    (Fig.  2.) 

Take  A  Z  =r  4  C  A,  and  describe  the  arc  Z  D  A  cutting  A  D 
in  D ;  through  D  draw  the  line  B  D  parallel  to  A  Z,  cutting 
AB  in  B.  Then  B  is  the  point  to  which  the  shell  will  reach. 
The  proof  is  evident  from  problem  1. 

Problem  3. — A  shell  is  proposed  to  be  projected  from  the 
point  A,  in  the  direction  A  D,  in  order  to  hit  the  object  B ;  the 
velocity  with  which  it  must  be  projected  is  required.  (Fig.  2.) 

Draw  the  vertical  line  B  D,  meeting  the  direction  in  D ;  draw 
A  Z  parallel  to  B  D,  and  equal  to  A  D*  -7-  D  B,  and  take  C  A 
=:  i  AZ;  then  C  A  Is  the  fall  which  will  generate  the  velocity 
required.    The  proof  of  this  is  also  evident 

From  these  constructions,  numerical  solutions  are  easily 
deduced.    Thus, 

Theorem  I.  When  the  line  A  B  it  horizontal. 

1.  The  aro  Z  D  A  is  a  semicircle,  and  the  greatest  horizontal 
range  Aft  is  =:  O  A,  the  radius  of  the  circle,  =:  2C  A;  and  the 
direction  A  cf  is  =  4SR. 

3.  The  ranges  with  different  directions  are  proportional  to 
the  sines  of  twice  the  angles  of  elevation.  For  draw  D  C,  dfO, 
perpendicularly  to  Z  A,  and  join  OD;  then  Odz^Ah,  and 


G  D  z=  A  B.  But  <f  O  is  the  sine  of  the  angle  A  O  <f  ,  which  is 
=  2  the  Z.  ^''A  B,  and  C  D  is  the  Z.  A  O  D,  which  is  =  2  the 
Z.  AZD  =  2  the  Z.  DAB;  and  this  is  true  of  all  other 
elevations. 

3.  \^ben  the  direction  is  the  same,  tho  ranges  with  different 
velocities  are  proportional  to  the  squares  of  the  velocities. 
For  the  figures  being  similar,  the  ranges  are  as  thefalls,  and 
the  falls  as  the  squares  of  the  velocities  acquired  by  falling. 

4.  The  height  to  which  the  projectile  riess  above  the  horiion- 
tal  plane  is  as  the  square  of  the  sine  of  elevation.  For  r  M  is 
=  iDB,  and  CA  is  =z  ^Z  A,  and  ZA  :  DB  (=HA)  :: 
Z  A*  :  AD<  : :  rad<  :  sin*  AZD  (=  DAB};  therefore  C A  : 
V  M  : :  rad*  :  sin*  elevation ;  and  v  M  :  V  M  :  :  sin*  DAB: 
sin*  dAB. 

6.  The  times  of  the  flights  are  as  the  ilnes  of  the  elevation. 
For  the  velocities  in  the  directions  A  D,  A  il,  being  the  same, 
the  times  of  describing  A  D,  A  if,  nniformlv,  (which  are  the 
same  as  the  times  of  describing  the  parabolas  A  v  B,  A  V  B,) 
will  be  as  A  Dt  A  if,  that  is,  as  the  sines  of  the  angles  AZD, 
AZ  <f,  which  are  equal  to  the  angles  D  A  B,  il  A  B. 

Again,  the  time  of  the  flight  Is  the  same  as  that  of  falfisf 
through  D  B ;  If  then  D  B  be  computed  in  feet,  the  time  will 
evidently  be  =  */ (DB  -s-  16)  nearly,  zziVDBnW 
(r  X  tan  E);  when  r  denotes  the  range,  and  E  the  elevation. 
When  £  =  45^,  then  (f  ft  =  ft  A  =  r ;  whence  the  time  is  = 

Theoram  II.  When  the  line  AB  is  not  horixonimt. 

Since  the  angles  D  B  A,  A  D  Z,  are  eqaal,  it  is  evident,  tbtt 
when  the  object  B  is  on  an  inclined  plane,  the  are  Z  D  A  is  lesi 
or  greater  than  a  semicircle,  according  as  the  plane  is  ascend- 
ing or  descending.  It  is  also  plain,  that  A  B  :  B  D  :  :  S,Z  AD 
(=:  ADB)  :  S,DAB,  andBD:  DA::S,DAB  :  SJiBD; 
also,  DA  :  A  Z  : :  S,A  D  Z  (=  A  B  D) ;  therefore  A  B  :  AZ 
:  :  S,Z  A  D  X  S,AZ  D  :  sin*  A  B  D,  whence  A  B  =  (A  Z  x 
S,Z  A  D  X  S,A  Z  D)  -^  sin*  A  B  D.  Now,  if  we  pat  c  =r  the 
inclination  of  the  plane,  d  =:  the  elevation  of  the  mortar  abore 
the  plane,  e  =  the  elevation  above  the  horizon,  r  ^  A  B  the 
range,  and  /  =  C  A  the  impetus,  then,  by  sobstitntioo,  the 
above  theorem  will  become  r  =  4/  x  cosin  e  x  sin  il  x  mc* 
a ;  whence  /  =  i  r  x  sec  e  x  cosec  d  x  cosin  *te ;  also,  the 
time  of  the  flight  will  be  =:  sec  a.  sin  (f.  2  >/  (y-f-  16))  =  sees. 
sin.  d.  hs/  f*  nearly. 

The  reader  will  observe,  that  in  the  preceding  reasonings, 
no  notice  has  been  taken  of  the  effects  of  the  resistance  of  the 
air  on  the  motion  of  projectiles.  Now,  as  this  is  very  coBii- 
derable,  especially  when  they  are  discharged  with  great  velo- 
city, the  theory  requires  to  be  modelled  and  corrected  by 
experimental  investigations,  before  it  can  be  applied  in  prae- 
tice.  There  are  indeed  some  cases,  such  as  in  the  throwing  of 
shells,  when  the  velocity  does  not  exceed  400  feet  per  seewid, 
in  which  the  results  by  the  theory  do  not  differ  madi  from  the 
tratb.  But  when  the  velocity  is  great,  the  resistance  of  the  sir 
occasions  a  diminution  of  motion  so  prodigious,  as  to  render 
the  theory,  without  the  aid  of  data  derived  from  experiment,  of 
veqr  Uttle  use.  Thus,  a  musket-ball,  discharged  with  the 
ordinary  allotment  of  powder,  issues  from  the  piece  with  the 
velocity  of  1670  feet  per  second.  At  the  elevation  of  4SP,  it 
should  therefore  range  16  miles,  whereas  it  does  not  range 
above  half  a  mile.  Thns  also,  a  24  lb.  ball,  discharged  with 
16  lbs.  of  powder,  which  should  range  aboat  10  mUes,  does  not 
range  3  miles. 

Again,  the  path  of  a  projectile,  when  the  velooity  is  great,  b 
not  parabolical,  but  is  much  less  inourvated  in  the  asceadiBg 
than  in  the  descending  branch :  the  greatest  range  therefore  is 
not  made  with  an  elevation  of  4SP  as  in  tacuOf  but  with  an  eleva- 
tion lower,  as  the  first  velocity  is  greater.  Thos  it  is  found, 
that  although  the  larger  shells  with  small  velocities  ranp 
farthest  when  prqjected  at  an  elevation  of  aboot  45P,  yet  the 
smaller  shells  with  great  velocities  range  farthest  at  ao  eleva- 
tion not  much  above  30^. 

These  instances  sufficiently  shew,  that  sach  mies  as  are 
dednoed  from  theory  alone,  without  the  aid  of  experimeal, 
are  unfit  for  directing  practice. 

Practical  Ctunnery.—Of  Projections  mads  on  the  Honrsmtal 
Plane.—Prob.  1.  To  find  the  velocity  of  any  shot  or  shell.— 
RiUi,  Divide  doable  of  the  weight  of  tho  ohaige  of  powdo'  by 
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tiM  weight  of  the  shot,  both  io  Ibi.  Then  if  the  Muare  root  of 
the  <  Qotient  be  moltiplied  by  1600,  the  prodaot  will  be  the  relo* 
city,  or  the  Diinib«r  of  feet  the  shot  pMset  over  in  a  tecond. 

Or  say.  As  the  sqaaro  root  of  the  weight  of  the  ihot  It  to  the 
sqaare  root  of  double  the  weight  of  powder,  »o  is  1600  feet  to 
the  first  velocity  of  the  shot. 

£jr.  With  what  velocity  will  a  13-inch  shell,  weighlog  196 lbs. 
be  discharged  by  9  \b%»  of  powder. 

^/  A  X  1000  =  486  feet  per  second,  nearly.    Am, 
Or  thus,  ^/  t9H :  >/  IB  : :  1600 :  4d6  feet,  nearly. 

Proh*  2.  To  find  the  terminal  velocity  of  a  ball  or  shell ;  that 
is,  the  greatest  velocity  it  can  acquire  by  descending  throogh 
the  air,  by  its  own  weight. 

Ruie,  For  baih,  the  terminal  velocity  is  fooad  by  multiplying 
the  sqnare  root  of  the  diameter  of  the  ball  in  inches  by  176*6; 
and  forsktlUf  by  multiplying  the  square  root  of  the  diameter  of 
the  shell  in  inches  by  147*3. 

Ex.  What  is  the  terminal  velocity  of  a  2 lbs.  iron  ball,  its 
diameter  being  2*46  inches. 

176*6  ^2'A&  =  176*6  X  1*66524  =  274,699  feet     Am. 

Prok.  3,  To  find  the  height  from  which  a  body  most  fall,  tn 
vccMo,  in  order  to  acquire  a  given  velocity. 

Rule.  Since  the  spaces  descended  by  falling  bodies  are  as 
the  square  of  the  velocities,  and  a  fall  of  16^  feet,  or  103  inches, 
produces  a  velocity  of  32|  feet  or  .386  inches,  therefore  386* : 
tlie  square  of  the  gi>en  velocity  In  inches: :  103:  height  re- 
aoircd  in  inches.  Or.  omittln|^  the  fractions.  If  the  square  of 
the  given  velocity  in  feet  be  divided  by  64,  the  quotient  will  be 
the  neirht  required  in  feet  nearly. 

Ex.  From  what  height  most  a  body  descend,  in  order  to 
acquire  the  velocity  of  1670  feet  per  second. 

19709  ..  64=43676  feet.    Am. 

Proh.  4.  To  find  the  greatest  range  of  a  ball  or  shell :  and 
the  elevation  of  the  piece  to  produce  that  range. 

Rule.  Divide  the  given  initial  velocity  by  the  terminal  velo- 
city of  the  ball  or  shell,  and  find  the  quotient  in  the  first  column 
of  the  following  table ;  against  which.  In  the  second  column, 
will  be  fonnd  the  elevation  to  give  the  greatest  range ;  and  the 
corresponding  number  in  the  third  column,  moltiplied  by  the 
height  producing  the  terminal  velocity,  will  give  the  greatest 
range  nearly. 
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Ex.  What  is  the  greatest  range  of  a  241b.  iron  ball,  when 
^Sitcharged  with  a  velocity  of  1640  feet,  and  the  elevation  to 
ff*rodiiee  that  range,  the  diameter  of  the  ball  being  6*6  inches  ? 
176*6  >/  6*6  =  416  =  the  terminal  velocity. 
4169  -;-  64  ==  2691  =  the  height  producing  that  velocity. 
1640-4»j416  =1  3*96,  which  nearly  corresponds  to  34^  16' 
=1  the  elevation  required. 
The  range  in  the  third  column  against  34^*  16^  is  2*9094,  and 
'^^C94  X  2691  =  7829  feet  =  the  greatest  range,  nearly. 

^9^rU.  6.  The  range  of  any  one  elevation  being  given,  to  find 
J^^"  range  of  any  other  elevation,  and  the  converse.— /!«/«.  As 
^^  sine  of  twice  the  first  elevation  is  to  the  sine  of  twice  the 
■^'wond.  so  is  the  range  at  the  former  to  that  at  the  latter,  the 
^^locity  being  the  same  in  both  cases. 

-^rti.  6.  The  range  of  one  charge  being  given,  to  find  the 
for  another  charge,  or  the  charge  for  aaother  raage*— 


Rude*  The  ranges  at  the  same  eleration  are  nearly  propcrtioMd 
to  the  charges. 

Ex.  If,  at  an  elevation  of  45P,  with  a  charge  of  9  lbs.  of  pow- 
der, a  shell  range  4000  feet,  what  charge,  at  the  same  eleva- 
tion, will  be  required  to  throw  it  3000  feet ! 

4000  :  3000  : :  9  :  6|  lbs.  Am. 

Proh.  7.  The  range  and  elevation  being  given,  to  find  the 
time  of  the  flight.— Au/e.  As  radius  is  to  the  tangent  of  eleva- 
tion, so  is  the  rsnge  in  feet,  to  the  square  of  4  times  the  num- 
ber of  seconds  taken  up  in  the  flight,  nearly. 

When  the  elevation  is  46^,  then  \  of  the  square  root  of  the 
range  in  feet  will  be  the  number  of  seconds  required,  nearly. 

Ex.  In  what  time  will  a  shell  range  3000  feet  at  an  eleva- 
tion of  360!  Rad :  Tan  36°  : :  3000  :  2100*6 

i  ^  2100*6  =1  11*46  seconds  nearly.  Am. 

Proh.  8.  The  range  and  elevation  being  given ;  to  find  the 
greatest  height  to  which  the  shell  rises  above  the  horiaontal 
plane.— l?M(f.  As  radios  Is  to  the  tangent  of  elevation,  so  is  i 
of  the  range  to  the  height  required. 

Ex.  A  shell,  when  discharged  at  an  elevation  of  40P,  ranges 
3000  feet ;  what  is  its  greatest  height  during  the  flight  ? 
Rad :  Tan  40°  :  :  760  :  629  feet.  it##. 

Proh.  9.  The  range  and  elevation  being  given ;  to  find  the 
impetus. — Rule.  As  the  sine  of  twice  the  elevation  is  to  the 
radius,  so  is  half  the  range  to  the  impetus. 

Ex.  With  what  impetus  most  a  shell  be  discharged  at  an 
elevation  of  36°  to  strike  an  object  at  the  distance  of  3180 
feet?  Sin  70°  :  Rad  :  :  1690  :  1629  feet.  Am. 

Of  Projeeiiieg  made  on  un  Imlined  Flame. — Proh.  10.  The  in- 
clination of  the  plane,  and  the  impetus  and  elevation  of  the 
piece  being  given,  to  find  the  range.— Am/^.  Add  together 
twice  the  log.  secant  of  the  plane's  inclination,  the  log.  sine  of 
the  elevation  above  the  plane,  the  log.  co-sine  of  the  elevation 
ab^ve  the  horizon,  and  the  log.  of  four  times  the  impetas; 
then  will  the  sum  be  the  log.  of  the  range. 

Ex.  How  far  will  a  shot  range  on  a  plane  which  ascends  lOP, 
and  on  anotlier  which  descends  10^,  the  impetus  being  2000 
feet,  and  the  elevation  of  the  piece  329  30^  ? 

The  elevation  above  the  plane,  in  the  first  case,  is  299  30^, 
and  in  the  second  42°  SO'.  ^ 


lit,  For  ihe  ascending  plane* 

10° 2sec..  0013297 

22°  30" sin  ....  9*682840 

32°  aO'  . . . .  cosin  . .  9*926029 
8000 log 3*903000 


43. 


2dlg,  For  ike  dewendmg  pUtnf. 

lOo 2  sec  0*013297 

22°  30^ sin  ... .  9-829683 

320  dO'  . . . .  cosin  . .  9*926029 
8000 log 3-903090 

Range  =  2662  feet  =:  3*426256  Range  =  4700  feet  z  3*672099 
Proh.  11.  The  inclination  of  the  plane,  the  range  and  eleva- 
tion being  given,  to  find  the  impetus.— Hii/t.  Add  together 
twice  the  log.  co-sine  of  the  plane's  inclination,  the  log.  co- 
secant of  the  elevation  above  the  plane,  the  log.  secant  of  the 
elevation  above  the  horiaon,  and  the  log.  of  (  of  the  range ; 
then  will  the  sum  be  the  log.  of  the  impetus. 

With  what  impetus  most  a  shell  be  discharged  to  strike  an 
object  at  the  distance  of  2662  feet  on  an  inclined  plane  which 
ascends  10*,  the  elevation  of  the  mortar  being  329*3(y  ? 

Plane's  inclinaUon 10° 2  cos  . .   10*980703 

Elevation  above  the  plane  . .  229  30^. .  cosec  . .     0*417160 

Elevation  above  the  horiaon. .  32°  30^. .  sec 0*073971 

\  of  the  range 606-6. . . .  log.  .. .     2*823148 

Impetus  zz  2000  feet,  nearly  =  3-300062 

GUNPOWDER,  a  chemical  mixture  of  nitre,  charcoal,  and 
sulphui-,  for  the  purpose  of  producing  an  explosi? e  force  by 
combustion,  and  thus  communicating  to  guns  of  every  caliber 
a  prodigious  power  of  projection.  The  first  person  who  is 
said  to  have  been  acquainted  with  the  nature  and  effects  of  a 
combination  of  these  three  materials  in  a  certain  prf>por1ion  to 
each  other  was  Roger  Bacon.  In  his  treatise  **  De  Secretis 
Operibus  Artis  et  Naturse  et  de  Nnllitate  MagiK,*'  cap.  vi. 
published  at  Oxford  about  1216,  he  informs  ns,  that  from  salt- 
petre and  other  ingredients,  we  are  able  to  make  a  fire  that 
shall  burn  at  any  distance  we  please,  which  *' other  ingre- 
dients," it  appears  from  some  of  his  other  manuscripU,  were 
ivlphar  and  charcoal    It  was  ant,  howatcr,  for  a  coMidenibIc 
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time  after  tiiit  date  that  gunpowder  beoaroe  f^enerally  known ; 
indeed  it  is  very  diflScalt,  amongst  the  various  contradictory 
accounts,  to  aflSx  any  precise  date  to  this  invention.  Robins, 
in  his  '*  Gunnery/  considers  it  as  known  before  tbe  time  of 
Bacon,  and  that  this  philosopher  mentions  it  not  as  a  new  dis- 
covery, but  as  tke  application  of  an  old  principle  to  military 
purposes,  in  which  it  had  not  been  before  employed.  The  pro- 
portions of  the  ai>ove  ingredients,  according  to  the  best  modern 
practice,  is  as  follows ;  viz.  75  parts  of  nitre  or  saltpetre,  16  of 
charcoal,  and  10  of  sulphur.  The  specific  gravity  of  which 
oomposition,  at  a  mean,  as  stated  by  Count  Rumford,  is  about 
0*868,  that  of  water  being  1. 

The  method  of  ascertaining  the  strragth  of  gunpowder  is  by 
a  machine  called  an  eprouvette,  of  which  there  are  various 
constructions)  but  it  commonly  consists  of  a  small  strong 
barrel,  in  which  a  determinate  quantity  of  tbe  powder  is  fired, 
and  the  force  of  expansion  is  measured  by  the  action  excited 
OB  a  strong  spring  or  a  great  weight.  Another  method  often 
adopted,  is  to  fire  a  very  heavy  ball  from  a  short  mortar  with  a 
given  weight  of  the  powder,  and  to  find  the  range  of  projection. 
The  French  eprouvette  for  government  powder  is  a  mortar  of 
seven  inches  (French)  in  caliber,  which  with  three  ounces  of 
powder  should  throw  a  copper  globe  of  sixty  pounds  weight  to 
the  distance  of  300  feet.  No  powder  is  admitted  which  does 
not  answer  this  trial.  Both  these  methods  ha? e  been  objected 
to :  the  former  because  the  spring  is  moved  by  the  instantane- 
ous stroke  of  the  flame,  and  not  by  its  continued  pressure, 
which  is  somewhat  diflerent ;  and  the  other  on  account  of  the 
tediousness  attending  its  use,  when  a  large  number  of  barrels 
of  powder  are  to  be  tried.  Another  method,  which  unites 
accuracy  with  despatch,  is  to  suspend  a  small  cannon  as  a 
pendulum,  to  ^re  with  powder  only,  and  to  jud^e  of  the  force  of 
explosion  by  that  of  the  recoil,  which  in  this  circumstance  is  a 
greater  or  less  arc  of  a  circle.  That  which  Dr.  Hutton  em- 
ployed on  this  principle,  was  a  small  cannon  about  one  inch  in 
the  bore,  the  charge  of  which  is  two  ounces  of  powder. 

The  cause  of  the  explosive  force  of  fired  gunpowder  has 
been  much  investigated ;  but  it  is  now  generally  allowed  to  be 
chiefly  owing  to  the  sudden  generation  of  a  quantity  of  gas  or 
elastic  vapour.  To  deterbiine  the  elasticity  and  quantity  ot 
this  elastic  vapour,  produced  from  a  given  quantity  of  powder, 
Mr.  Robins  premises,  that  its  elasticity  is  equally  increased  by 
beat  and  diminished  by  cold,  as  that  of  common  air,  (which  is 
confirmed  by  Dr.  Hutton's  late  experiments :)  and  conse- 
quently its  weight  is  the  same  with  the  weight  of  an  equal  bulk 
of  air  at  the  same  elasticity  and  temperature.  Hence,  and 
from  direct  experiments,  he  concludes,  that  the  elastic  fluid 
produced  by  the  firing  of  gunpowder  is  nearly  three-tenths  of 
the  weight  of  the  powder  itself,  which,  expanded  to  the  rarity 
of  common  air,  is  about  244  times  the  bulk  of  the  powder. 
Hence  it  would  follow,  that  the  mere  conversion  of  confined 
powder  into  elastic  vapour,  would  exert  against  the  sides  of 
the  containing  vessel  an  expansive  force  244  times  greater 
than  the  elasticity  of  common  air,  or,  in  other  words,  than  the 
pressure  of  the  atmosphere.  But  to  this  is  to  be  superadded 
all  the  increase  of  expansive  power  produced  by  the  heat 
generated,  which  is  certainly  very  intense,  though  its  exact 
degree  cannot  be  ascertained.  Supposing  it  to  be  equal  to  the 
full  heat  of  red-hot  iron,  this  would  increase  the  expansion  of 
eommon  air  (and  also  of  all  gases)  about  four  times,  which  in 
the  present  instance  would  increase  the  244  to  nearly  1000;  so 
that  In  a  general  way  it  may  be  assumed,  that  the  expansive 
force  of  closely  confined  powder  at  the  instant  of  firing  is  1000 
times  greater  than  the  pressure  of  common  air :  and  this  latter 
b  known  to  press  with  the  weight  of  fourteen  pounds  and  a 
quarter  on  every  inch ;  the  force  of  explosion  of  gunpowder  is 
1000  times  this,  or  14750  pounds,  or  about  six  tons  and  a  half 
on  every  sauare  inch.  This  enormous  force,  however,  is 
diminished  in  proportion  as  the  elastic  fluid  dilates,  being 
only  half  the  strength  when  it  occupies  a  double  space,  one. 
third  of  the  strength  when  in  a  triple  space,  and  so  on. 

Mr.  Robins  found  that  the  strength  of  powder  is  the  same 
in  all  variations  of  the  density  of  the  atmosphere,  but  not  so 
In  every  state  of  moisture,  being  much  impaired  by  a  damp 
air,  or  witli  powder,  which  i»  become  damp  with  careless  keep- 
ing, or  any  other  cause;  so  that  the  same  powder  which  will 


discharge  a  bullet  at  the  rate  of  1700  feet  io  a  aeeosd  im  ity 
air,  will  only  propel  it  at  the  rate  of  1900  feet  wbeo  tfw  air  is 
fully  moist;  and  a  similar  differenoe  holds  betweeo  dry  and 
moist  powder.  Gunpuwder  is  reckoned  to  explode  st  about 
0000  of  Fahrenheit's  thermometer,  but  if  be«led  to  a  degiet 
just  below  that  of  faint  redness,  the  solphor  will  moatly  bum 
off,  leaving  the  charcoal  unaltered. 

Wightman,  a  gnn-maker  at  Malton,  in  Torkahire,  says, 
the  only  certain  way  of  computing  the  eharge  of  powder  for  a 
fowling-piece  is  by  weight,  and  not  by  the  tpaee  it  oocnpies  in 
the  barrel ;  and  also  the  quality  of  tbe  barrel  shoold  be  ei- 
pressed,  for  a  difference  in  expansion  makes  adiffereoeeiathe 
quantity  required  for  a  charge :  for  instanc«»  the  Pamatfin 
and  common  barrels,  on  account  of  their  less  espaiiMbffity 
than  the  twisted  barrels,  shoot  equally  strong  with  the  iattw 
when  the  charge  of  powder  is  reduced  four  grains ;  ll»r  it  mast 
be  obvious  to  every  one,  that  tiie  shot  could  DOt  be  H^tMgwl 
with  equal  force  when  tiie  sides  of  the  barrel  yield  to  the  sai* 
den  expansion  of  the  exploded  powder;  and  here  I  amy  add, 
that  the  shot  travels  with  a  much  greater  Telocity  thaa  the 
rarefaction  that  moved  it,  which  shews  that  the  shot  reecira 
no  accumulation  of  force  by  the  quantity  of  powder  whicfc  is 
put  into  the  barrel,  more  than  what  is  fired  io  the  first  iastast, 
as  the  shot  is  propelled  by  the  first  rush  of  the  air  on  tbe 
bustion  of  the  powder. 

The  accompanying  scale,  he  adds,  is  the  resolt  of  trials 
on  several  hundred  guns. 

Barrels  are  not  so  much  distressed  by  firing  balls,  if  ftt 
bore  is  cylindrical ;  the  shot  having  a  tendency  to  ooeapj  a 
greater  space,  and  therefore  pressing  hard  af^ainst  die  sides  «f 
the  barrel.  In  proof  of  this,  the  barrels  of  the  gons  used  wifli 
shot  are  soon  leaded,  owing  to  the  friction  of  tbe  shot ;  bat  tkii 
is  not  the  case  when  balls  are  used.  The  greatest  objectioa, 
however,  to  the  use  of  barrels  of  fowling-pieoes  for  hall  shoot- 
ing is,  that  they  are  seldom  sofficientiv  strong  in  the  fore^si 
to  prevent  a  vibratory  motion,  in  which  case  the  ball  is  throws 
without  any  degree  of  precision.  A  ball  of  19  to  the  poasi 
exactly  fits  a  5-8ths  bore,  but  a  ball  of  20  pounds,  wmrcM  is 
a  thin  piece  of  leather,  is  preferable. 

The  Damascus  barrels  are  decidedly  superior  to  the  itshf 
twisted,  or  any  other ;  the  metal  being  stronger  in  texture, 
uniting  better  in  welding,  having  little  or  no  recoil,  requires 
less  charge  of  powder,  and  being  more  beaatifal  to  the  view. 

The  percussion-look  has  every  advantage  over  the  fliat-kwk, 
namely,  there  is  a  less  liability  of  accident  by  it,  not  bcb| 
necessary  to  prime  before  loading,  and  the  cock  may  be  alwi^f 
kept  on  the  cap  except  at  the  moment  of  firing,  which  pfevarti 
the  gun  going  off  at  half-cock;  and  if  tbe  gan  is  brought 
home  loaded,  by  taking  off  the  cap  (which  is  tbe  priming)  thae 
is  no  danger  of  its  being  fired  by  the  foolishness  of  servaatior 
others ;  and  it  is  a  fact,  known  to  every  observer  of  dw  per- 
cussion-gun, that  they  kill  at  ten  yards  farther  than  a  fliaifai, 
and  that  about  one-quarter  less  powder  is  used  for  a  ebarae, 
owing  to  the  complete  and  instantaneous  combustion  of  we 
whole  charge  of  powder ;  and  that  there  is  no  loss  of  Ibiee 
through  the  touch-hole,  as  in  the  flint-guns ;  and  also,  that  they 
receive  the  additional  strength  of  the  priming. 
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To  Prawe  CmnpowJer, — There  are  seTetal  wayi  of  doin^  tliit. 
1.  By  iiKht ;  thui  if  it  be  too  black,  it  Is  a  ligo  that  it  is  moist. 
or  else  Uiat  it  has  too  much  charcoaJ  in  it ;  so  also  if  robbed 
upoQ  white  paper  it  blackens  it  more  than  good  powder  does  ; 
bnt  if  it  be  of  a  kind  of  azure  colour,  somewhat  inclining  to 
red,  it  is  a  sign  of  good  powder.  2.  By  toaching ;  for  if  in 
crushing  It  with  the  fingers'  ends,  the  grains  break  easily  and 
turn  into  dust,  without  feeling  hard,  it  has  not  too  much  coal 
in  it :  or  if,  in  pressing  It  under  the  fingers  upon  a  smooth  hard 
board,  some  grains  feel  harder  than  the  rest,  it  is  a  sign  the 
sulphur  is  not  well  mixed  with  the  nitre.  By  firing  a  small 
heap  of  it  on  a  clean  board,  and  attending  nicely  to  the  flame 
and  smoke  it  produces,  and  to  the  mark  it  leaves  behind  on 
the  board. — There  are  other  oontrivanccs  made  use  of,  such  as 
powder  triers,  acting  by  a  spring,  commonly  sold  at  the  shops, 
as  the  eprouvvtte. 

To  Recover  damaged  Powder, — Pot  part  of  the  powder  on  a 
aail-cloth,  to  which  add  an  equal  weight  of  what  is  good: 
then  mingle  it  well  together,  dry  it  in  the  sun,  and  barrel  it  up, 
keeping  it  in  a  dr^  and  proper  place.  If  it  be  very  bad,  re- 
store it  by  moistening  it  with  \inrgar,  water,  urine,  or  brandy, 
then  beat  it  fine,  sift  it,  and  to  every  pound  add  an  ounce, 
or  an  ounce  and  a  half,  or  two  ounces  ( according  as  it  is  de- 
cayed )  of  melted  nitre,  and  afterwards  those  ingredients  are 
to  be  moistened  and  well  mixed.  But  the  operation  of  beat- 
ing, or  any  species  of  friction,  is  extremely  hazardous,  and 
though  we  relate  the  method,  we  do  not  recommend  the  prac- 
tice of  this  experiment. 

Gum  POWDER  and  Comhuitihlet.  The  laws  respecting  the 
mannfactore  and  sale  of  these  may  be  briefly  expressed*  No 
person  shall  make  gunpowder  but  in  the  regular  manufacto- 
ries established  at  the  time  of  making  the  statute  12  George 
III.  e.  61,  or  licensed  by  the  sessions.  Only  forty  pounds  of 
powder '%%  to  be  made  at  one  time  under  one  pair  of  stones.  Not 
more  than  forty  hundred  weight  to  be  dried  at  one  time  in  one 
,  stove.  Not  more  than  twenty-five  barrels  to  be  carried  in  any 
land  CRrriagc,  not  more  than  two  hundred  barrels  by  water, 
unless  by  sea  or  coastwise,  each  barrel  not  to  contain  more 
than  one  hundred  pounds.  No  dealer  to  keep  more  than  two 
hundred  pounds  of  powder,  nor  any  person,  not  a  dealer,  more 
than  fifty  pounds  in  the  cities  of  London  and  Westminster,  or 
within  three  miles  thereof,  or  within  any  other  city,  borough, 
or  markct-towB,  or  one  mile  thereof,  or  within  two  miles  of  the 
king's  palaces  or  magazines,  or  half  a  mile  of  any  parish 
chareh,  on  pain  of  forfeiture,  and  two  shillings  per  pound,  ex- 
cept in  licensed  mills,  or  to  the  amount  of  three  hundred 
pounds  for  the  use  of  ooUieries,  within  two  hundred  yards  of 
them. 

Gl'NTER,  Edmi'ND,  an  excellent  English  mathematician, 
who  flourished  in  the  reign  of  James  I.  and  dbtinguished  him- 
self by  his  inventions,  which  have  never  yet  been  superseded, 
thoagh  some  of  them  have  been  subsequently  much  improved. 

Gi'Stf.r's  Ckmin^  the  chain  in  common  use  for  measuring  land 
according  to  the  true  or  statute  measure ;  so  called  from  the 
name  of  its  inventor.  The  length  of  the  chain  is  66  feet,  or 
23  yards,  or  four  poles  of  five  yards  and  a  half  each  ;  and  it  is 
divided  into  luo  links  of  7*92  inches  each ;  100,000  square  links 
make  one  acre. 

Gintcr's  £iae,  a  logarithmic  line  usually  graduated  upon 
scales,  sectors,  &c. 

It  is  also  called  the  Line  of  Linet  and  Line  of  Kumhere^ 
being  only  the  logarithms  graduated  upon  a  ruler,  which 
therefore  serves  to  solve  problems  instrumentally,  in  the  same 
manner  as  logarithms  do  it  arithmetically  .  It  is  usuallv  divi- 
ded into  a  hundred  parts,  cverj*  tenth  of  which  is  numbered, 
beginning  with  1,  ana  ending  with  10;  so  that  if  the  first  great 
division,  marked  1,  stand  for  one-tenth  of  any  integer,  the 
Bcxt  division,  marked  2,  will  stand  for  two-tenths ;  3,  tbreo- 
tentbs,  and  so  on  ;  and  the  intermediate  division  will  in  like 
manner  represent  one-hundreth  parts  of  an  integer.  If  each  of 
tbe  great  divisions  represent  10  integers,  then  will  the  lesser 
divisions  stand  for  integers ;  and  if  the  great  divisions  be  spu- 
poftcd  each  100,  the  subdivisions  will  be  each  10. 

I  *se  of  Gunter's  Line,—\,  To  find  the  oroduci  ofitro  number  i. 
From  1  extend  the  compass  to  the  multiplier ;  and  the  same 
estcDt,  applied  the  same  way  from  the  miutiplicaad,  will  reach 


to  the  product. — Thus  if  the  product  of  4  and  8  be  required, 
extend  the  compasses  from  1  to  4 ;  and  that  extent  laid  from  8 
the  same  way,  will  reach  to  32,  their  product. 

2*  To  divide  one  number  by  another' — Thr  extent  from  the  di- 
visor to  unity  mill  reach  from  the  dividend  to  the  quotient ; 
thus,  to  divide  36  by  4,  extend  the  compasses  from  4  to  1, 
and  the  same  extent  will  reach  from  36  to  0,  the  quotient 
sought 

3.  To  find  afonrtk  proportional  to  three  given  numbers, — Sup- 
pose the  niunl>crs  6,8,11:  extend  the  compasses  from  6  to  8 ;  and 
this  extent,  laid  from  9  the  same  way,  aill  reach  to  12,  the 
fourth  proportional  required. 

4.  To  find  a  mean  proportional  between  any  two  given  numbere, 
—Suppose  8  and  32 :  extend  the  compasses  from  8.  in  the  left- 
hand  part  of  the  line,  to  32  in  the  right ;  then  bisecting  this 
distance,  its  half  will  reach  from  8  forward,  or  from  32  back^ 
ward,  to  16,  the  mean  proportional  sought. 

5.  To  extract  the  square  root  of  a  number. — Suppose  25: 
bisect  the  distance  between  1  on  the  scale  and  the  point 
representing  25 ;  then  half  of  this  distance,  set  off*  from  1,  will 
give  the  point  representing  the  root  6.  In  the  same  manner, 
the  cube  root,  or  that  of  any  higher  power,  may  be  found  by 
dividing  the  distance  on  the  line,  between  1  and  the  given 
number,  into  as  many  equal  parts  ns  the  index  of  the  power 
expresses;  then  one  uf  those  parts  set  from  1,  will  find  the 
point  representing  the  root  required. 

Gi'NTER's  Quadrant,  is  a  quadrant  made  of  wood,  brass,  or 
some  other  substance  ;  bring  a  kind  of  stereographic  projec- 
tion on  the  plane  of  tbe  ei|uinoctial,  the  eye  being  supposed  in 
one  of  the  poles :  so  that  the  tropic,  ecliptic,  and  horison 
form  the  arches  of  circU-s,  but  the  hour  circles  are  other  curves 
drawn  by  means  of  seversd  aititudrs  of  the  sun  for  some  parti- 
cular latitude  every  year. 

This  instrument  is  used  to  find  the  hour  of  the  day,  the  aun*s 
azimuth,  &c.  and  other  common  problems  of  the  sphere  or 
globe ;  as  also  to  take  the  altitude  of  an  object  in  degrees. 

G I' SI er's  Scale,  usually  called  by  seamen,  the  Gunter,isa 
large  plain  scale,  having  various  lines  upon  it,  of  great  use  in 
working  the  cases  or  questions  in  navigation.  This  scale  is 
usually  two  feet  long,  and  about  an  inch  and  a  half  broad, 
with  various  lines  upon  it  both  natural  and  logarithmic,  relat- 
ing to  trigonometry,  navigation,  kc.  On  the  one  side  are  the 
natural  lines,  and  on  the  other  the  artificial  or  logariihroio 
ones.  The  former  side  is  first  divided  into  inches  and  tenths, 
and  numbered  from  one  to  twenty-four  inches,  running  the 
whole  length  near  one  edge.  One  half  of  the  length  of  this 
side  consists  of  two  plane  diagonal  scales,  for  taking  ofl*  dimen- 
sions for  three  places  of  figures.  On  the  other  half  of  this  side 
are  contained  various  lines  relating  to  trigonometry,  as  per- 
formed by  natural  numbers,  and  marked  thus  ;  rix. 

Rhumb,  the  rhumbs,  or  points  of  the  compass ; 

Chord,  the  line  of  chords  ; 

Sine,  the  line  of  sines ; 

Tang.,  the  tangents ; 

S.  T.,  the  semi-tangents ;  and  at  the  other  end  of  this 

half  are, 
Leag.,  leagues,  or  equal  parts ; 
Khumb,  another  line  of  rhumbs. 
M.  L.,  miles  of  longitude. 
Chor.,  another  line  of  chords. 

Also  in  the  middle  of  this  foot  are  L  and  P,  two  other  lines 
of  equal  parts:  and  all  these  lines  on  this  side  of  the  scale 
serve  for  drawing  or  laying  down  the  figures  to  the  eases  in 
trigonometry  and  navigation.  On  the  other  side  of  the  scale 
are  the  following  artificial  or  logarithmio  lines,  which  serve 
for  working  or  resolving  those  cases ;  vig. 


S.  R.,  the  sine  rhumbs ; 
T.  R.,  the  tangent  rhumbs  ; 
Numb.,  line  of  numbers ; 
Sine,  sines ; 


V.  S.,  the  versed  sines ; 
Tang.,  the  tangents ; 
Meri.,  meridional  parts  ; 
E.  P.,  equal  parU. 


GUNWALE,  or  Guskfl  or  a  Ship,  is  that  piece  of  timber 
which  reaches  on  either  side  of  the  ship,  from  the  half-deck  to 
the  fore-castle,  being  the  uppermost  bend,  which  finishes  the 
upper  works  of  the  hoU  ia  that  part,  and  wherein  they  pat  the 
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fltancbions  which  sapport  the  waist-trees.  This  Is  called  the 
l^anwale,  whether  there  be  gans  in  the  ship  or  not  The  lower 
part  of  any  port,  where  any  ordnance  are,  is  also  termed  the 
gunwale. 

GUST,  a  sadden  and  yiolent  sqaall  of  wind,  bursting  from 
the  hills  apon  the  sea,  so  as  to  endanger  the  shipping  near  the 
shore.  These  are  pecaliar  to  some  coasts,  as  those  of  South 
Barbary  and  Guinea. 

GUT,  in  the  West  India  islands,  particularly  in  the  island  of 
Christopher's,  or  St.  Kitt's,  is  a  term  for  the  opening  of  a  river 
or  brook,  such  river  or  brook  also  being  often  so  called. 

GUTTA  S  BR  EN  A,  a  disease  in  which  the  patient,  without 
any  apparent  faiilt  in  the  eye,  is  entirely  deprived  of  sight. 

GUTTER-Ledgb,  a  cross  bar  laid  along  the  middle  of  a 
large  hatchway  in  some  vessels,  to  support  the  covers,  and 
enable  them  the  better  to  sustain  any  weighty  body  which  may 
be  laid  on  them. 

Gutters,  in  Architecture,  a  kind  of  canals  in  the  roofs  of 
houses,  serving  to  receive  and  carry  off  the  rain. 

GUTTURAL,  a  term  applied  to  letters  or  sounds  pronounced 
or  formed  as  it  were  in  the  throat. 

GUY,  a  rope  used  to  keep  steady  any  weighty  body  from 
bearing  or  falling  against  the  ship's  side  while  it  is  hoisting  or 
lowering,  particularly  when  the  ship  is  shaken  by  a  tempos, 
tuous  sea. 

Guy,  is  also  the  name  of  a  tackle,  used  to  confine  a  boom 
forward  when  a  vessel  is  going  large,  and  to  prevent  the  sail 
froift>  gybing  by  any  accidental  change  of  the  wind  or  course, 
which  would  endanger  the  springing  of  the  boom,  or  perhaps 
the  upsetting  of  the  vessel. 

Guy,  is  likewise  a  large  slack  rope,  extending  from  the 
aead  of  the  main-mast  to  the  head  of  the  fore-mast,  and  having 
two  or  three  large  blocks  fastened  to  it ;  it  is  used  to  sustain 
a  tackle  to  load  or  unload  a  ship  with,  and  is  accordingly 
removed  as  soon  as  that  operation  is  finished. 

GYBING,  the  art  of  shifting  any  boom-sail  from  one  side  of 
the  vessel  to  the  other.  In  order  to  understand  this  operation 
more  clearly^  it  is  necessary  to  remark,  that  by  a  boom-sail  is 
meant  any  sail  whose  bottom  is  extended  by  a  boom,  the  fore- 
end  of  whioh  is  hooked  to  its  respective  mast,  so  as  to  swing 
occasionally  on  either  side  of  the  vessel,  describing  an  arch,  of 
which  the  mast  will  be  the  centre.  As  the  wind  or  the  course 
changes,  it  also  becomes  frequently  necessary  to  change  the 
position  of  the  boom,  together  with  its  sail,  which  is  accord- 
ingly shifted  to  the  other  side  of  the  vessel,  as  a  door  tarns 
upon  its  hinges.  The  boom  is  pushed  out  by  the  effort  of  the 
wind  upon  the  sail,  and  is  kept  in  a  proper  situation  by  a 
strong  tackle  communicating  with  the  vessel's  stem,  and  called 
the  sheet.  It  is  also  confined  on  the  forepart  by  another  tackle 
called  the  guy. 

GYMNASIA,  in  ancient  Greece,  were  edifices  consisting  of 
a  great  many  separate  parts  or  buildings  for  the  accommoda- 
tion of  professors  of  the  sciences  or  arts,  and  their  hearers  or 
pupils.  Yitruvius,  the  Roman  architect,  gives  the  plan  of  the 
area  of  a  Grecian  Gymnasia,  which  the  reader  will  find  in  his 
Architecture,  or  in  Patterns  Grecian  Antiquities,  vol.  i.  p.  45, 
Dunbar's  edition.  The  parts  of  the  Gymnasia  were,  1st.  The 
porticos  or  side  buildings,  furnished  with  seats,  and  fit  for 
study  or  discourse,  where  the  scholars  probably  met.  2d. 
The  Ephebeam,  where  the  youths  exercised,  or  in  which  they 
assembled  to  fix  on  their  sports  and  rewards.  «3d.  The 
undressing  room.  4th.  The  place  in  which  those  who  were  to 
wrestle,  or  who  had  bathed,  were  anointed.  6th.  The  place 
where  the  dust  was  kept  for  besprinkling  those  who  had  been 
anointed.  6th.  The  Gymnasium,  or  place  of  wrestling.  7th. 
The  tennis  court,  or  ball  ground.  8th.  The  discus  and  leaping 
ground.  9th.  The  Xysta,  designed  for  the  exercises  of  the 
wrestlers  when  the  inclemency  of  the  weather  did  not  allow  of 
practice  in  the  open  air.  lOtb.  The  baths,  either  hot  or  cold, 
for  the  refreshment  of  the  combatants  after  their  labour  and 
toil.  At  Sparta,  where  nature  was  every  thing,  the  sexes  had 
one  common  bath ;  but  in  all  other  cities  of  Greece  there  were 
distinct  baths  for  females.  II th.  The  stadium  was  the  place 
of  general  exercise  for  performers  and  audience:  and  being 
built  with  benches  rising  one  above  another,  allowed  vast 
multitudes  to  assemble  and  witness  the  national  pastimes. 
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GYMNASTICS.  This  word,  derived  from  the  Greek,  com- 
prehends all  those  athletic  exercises  by  which  the  ancients 
rendered  the  body  pliant  and  healthy,  and  enabled  the  muscles 
to  do  their  offices  with  treble  effect. 

The  principal  exercises  we  here  notice,  as  belonging  to  tiie 
ancient  games,  were  leaping^  running,  throwing,  dmrting,  icreti- 
ling,  boxing,  and  perhaps  swimming. 

Swiftness  in  running  was  one  of  the  most  excellent  endow- 
ments  a  man  could  be  blessed  with,  as  is  plain  from  Homer's 
constant  character  of  the  swift-footed  Achilles.  Saul  and 
Jonathan  were 

*'  Swifter  thin  etglei,  and  itronger  than  lioos.' 

The  ancients  practised  leaping  with  oval  weights  placed 
upon  their  shoulders,  or  carried  in  their  hands. 

The  eestus  used  on  the  hands  in  boxing,  was  the  invention  of 
Amycus,  king  of  the  Bebrycians,  who  was  contemporary  with 
the  Argonauts,  according  to  Clemens  of  Alexandria. 

Thesus  invented  the  art  of  wrestling,  in  which  the  antagonists 
had  their  bodies  anointed  with  oil.  In  addition  to  these,  the 
ancients  had  horse,  chariot,  and  naval  races,  with  swimnusf 
and  diving,  upon  which  we  forbear  to  offer  any  descriptioii, 
but  proceed  at  once  to  the  modern  Gymnastics,  framed  towards 
the  close  of  the  last  century  at  Schnepfeuthal,  a  small  town 
near  Gotha,  under  the  direction  of  Salsman,  and  subscqaently 
improved,  augmented,  and  systematically  arranged  by  Gots- 
routh,  who  published  the  first  modem  treatise  on  the  subject  is 
1793.  Gutsmuth  not  only  attracted  attention  towards  the  im- 
portance of  a  systematic  physical  education ;  but  in  Denmark, 
m  1803,  those  exercises  became  national,  inasmuch  as  3000 
young  men  were  then  practising  there.  Since  that  period,  the 
Danish  government  issued  an  order,  allotting  200  square  yards 
of  ground  to  every  public  school,  as  a  Gymnasium.  In  1810 
Gutzmuth  established  his  Gymnastics  in  Prussia,  by  authority 
of  and  under  the  protection  of  the  government.  M.  Jahn,  vbo 
undertook  the  management  of  this  business  in  Berlin,  soon 
promulgated  Gymnastics  in  various  parts  of  Germany.  Gotz- 
muth  published,  in  1817,  a  complete  system  of  Gymnastics,  and 
the  drawings,  figs.  5,  6,  7,  and  8,  of  the  plate  on  Gymnastic 
Exercises,  are  taken  from  "  A  Military  Officer's '^  abridgmeot 
of  Gutzmnth*s  work. 

In  this  country  we  have  several  professors  of  Gymnastics-Hjf 
whom  it  will  only  be  necessary  to  quote  Capt.  Cliax,  whose 
**  Elementary  Course  of  Gymnastic  Exercises,''  illustrated  by 
seventy  engravings,  is  at  once  the  most  complete  and  systema- 
tic display  of  the  physical  powers  of  man  that  we  have  cut 
seen.  In  the  sequel  of  this  article  we  shall  not  attempt  to  dnw 
a  parallel  between  the  abridgment  of  Gutzmath's  work  and 
that  of  Captain  Clias ;  but  from  both  publications  we  will  point 
out  the  exercises,  and  abstract  such  parts  of  their  instructioos 
as  may  serve  the  illustration  of  this  subject  in  our  own  work. 

In  the  division  of  Capt.  Clias's  work,  the  whole  system  of 
Gymnastics  is  reduced  to  four  grand  divisions, — first,  as  appli- 
cable to  the  lower  extremities  of  the  body ;  secondly,  as  beioof • 
ing  to  the  superior  extremities ;  thirdly,  complicated  exereises. 
which  require  the  united  assistance  of  the  muscles  of  the  traok 
and  limbs  ;  and  fourthly,  swimming. 

Swimming  we  reserve  till  we  come  to  letter  S— article 
Swimming* 

The  "  Instructions"  by  the  "  Military  Officer,"  as  reduced 
from  Gutzmuth's  book,  and  taught  and  practised  in  Germaor, 
are  the  following. 

Note, — The  plan  of  the  ground  for  exercise,  which  should 
always  be  designed  by  the  master. 

I.  Walking:  Position  of  the  Body  in  Walking, — Directions. 
The  position  of  the  body  must  be  upright  and  unconstrained : 
the  breast  thrown  well  forward,  and  square  to  the  front ;  and  the 
stomach  drawn  in  a  little,  but  not  so  much  as  to  prevent  a  free 
breathing.  The  shoulders  must  be  drawn  back,  and  kept  at 
an  equal  height.  The  arms  must  have  a  gentle,  but  perfectly 
free  and  natural  motion  by  the  side  of  the  body.  The  bead 
should  be  .very  upright,  but  without  any  stifl'ness  ;  and  oug:ht 
to  have  a  free  motion  from  right  to  left,  or  upwards  and  down- 
wards, as  occasion  may  require,  without  causing  any  material 
alteration  in  the  position  of  the  body.  The  knees  must  neither 
bend  too  much,  nor  appear  stiff*.  The  toes  must  be  turned  out 
so  as  to  form  about  half  a  right  angle  with  the  direction-line  ia 
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vhich  the  person  is  walkioic ;  and  fcreat  care  should  bo  Uken 
not  to  throw  them  upwards,  but  to  keep  the  sole  of  the  foot  at 
the  coDcladioff  part  of  the  step,  nesriy  parallel  with  the  ground. 
The  weight  of  the  body  should  rest  more  upon  the  balls  of  the 
toes  than  upon  the  heels ;  by  which  means  the  whole  position 
is  rendered  firm. 

II.  HtcmiM^,  in  which  the  breast  must  be  thrown  well  for- 
ward, and  kept  perfectly  free.  The  upper  parts  of  the  arms 
nre  kept  almost  dose  to  the  sides  of  toe  body ;  the  elbows 
bent,  so  that  both  parts  of  the  arm  may  form,  at  this  place,  an 
sieute  angle  ;  foi^  the  arms  ought  only  to  mo? e  to  and  fro  in  a 
Tory  trifling  degree,  in  order  that  the  muscles  connected  with 
the  breast  may  remain,  as  much  as  possible,  at  rest.  At  cf  ery 
step  the  knees  are  stretched  out,  and  the  tread  must  neither  be 
entirely^  with  the  balls  of  the  toes,  since  this  would  affect  the 
caJf  es  too  powerfully,  nor  yet  with  the  whole  sole  of  the  foot 

/'reMuitPiii.— Proceed  gradually,  as  in  all  exercise.  Choose 
•  time  when  the  air  is  cool.  Take  off  your  coat  at  the  com- 
mencement of  the  exercise,  and  resume  it  the  instant  it  is  com- 
pleted. Let  the  breast  be  either  quite  exposed,  or  very  thinly 
coTcred.  Wear  a  very  light  covering  upon  the  head;  a  straw 
bat  is  best  The  teacher  should  observe  the  runners,  and  let 
each  cease  as  soon  as  a  strong  perspiration  appears,  and  the 
breath  becomes  very  short. — With  these  precautions,  no  fear 
need  be  entertained  of  the  longest  run. 

PreiMiraiory  Kxtrcites. — 1.  The  teacher  moves  forward  with 
his  young  pupils,  at  a  moderate  running  pace,  for  five  minutes. 
After  they  have  frequently  run  ovec  the  ground,  in  this  stated 
time,  it  must  be  gradually  reduced ;  for  instance,  first  to  four, 
and  then  to  three  minutes. 

'i.  Another  piece  of  ground  should  be  run  over,  at  a  mode- 
rate pace*  during  ten  minutes,  which  time  must  also  be  gra- 
dually reduced  as  before. 

In  these  exercises,  the  teacher  most  not  reduce  the  stated 
times,  so  as  to  render  the  exercise  too  \iolent  for  the  weakest 
ofhiii  pupils.  lie  should  also  pay  particular  attrntiun  to  their 
relative  strength,  in  order  to  judge  which  of  them  are  capable 
of  completing  the  more  diflicult  exercises. 

3.  In  order  to  practise  the  pupils 
in  turning,  the  teacher  should  form  i.  ^^ 

a  6gure  upon  the  exercise-ground,    ^i^^ 
similar  to  the  annexed : — In  running  //^    ^  // 
through  this,  they  would  be  neccssi-AJ  j\ 

tated  to  turn  the  body  suddenly  in  ^  J/ 
different  directions.  The  dfVection  ^^^=ii^ 
to  be  taken  by  the  runners,  must  be         ^  tf' 

rre<|uently  changed  by  the  teacher. 

They  may  also  nin  In  pairs,  thus:— Two,  of  nearly  equal 
strength,  start  together  at  a,  the  one  taking  the  direction  of 
a,  #./,  to  (f,  the  other,  that  of  4.  c,h:  be  that  reaches  d  first  is 
the  winner.  The  distance  from/  to  A.  should  be  about  lift}  feet, 
and  that  of  «,  </,  about  twenty-live  feet. 

Uunning  is  divided  into  thf*  quick  run.  and  the  long  run, 
wiiich  need  no  explanation :  the  only  faults  to  be  avoided  arc. 
that  the  steps  be  neitlicr  too  long  nor  too  slow,  too  short  nor.too 
quirk. 

III.  Leanintj,  an  excellent  exercise  fur  giving  strength  and 
agility  to  the  lower  member!i,  hn5,  as  its  preparatory  exercises, 
the  hop  walk,  the  hop  run,  bopping,  striking  of  the  lower  parts 
of  the  back  witli  the  feet,  singly  or  doubly ;  and  raising  the 
knees. 

leaping  iii  then  divided  into  the  high  leap  without  a  run, 
the  high  leap  with  a  run, — the  long  leap,  the  jump  with  the 
run,  spring,  and  descent,— the  deep  leap,  performed  either  with 
or  without  the  assistance  of  the  hands. 

IV.  Those  exercises  for  nuirmenting  the  muscular  powers  of 
Ihr  botly  nnd  limbs,  ni  performed  on  stands  by  Gutxniutb,  are 
rcpresentrd  in  llgs.  0  nnd  7  of  the  plate  Gymnastics,  and  if 
l>oHsib1c.  the}  should  be  under  co\er,  that  the  learners  may  be 
siheliered  from  either  Uie  ruin  or  suit. 

Thnt  shewn  in  fiu:.  t>,  i.<«  about  live  feet  high,  two  feet  in  nidth, 
and  of  anv  tn3n\enient  len«rth;  the  upper  surface  of  the  bars 
m.  ft.  e,  nnd  d.  ii  rounded  off  so  as  to  be  more  easily  gra<iped  by 
tlir  hand.  The  other,  in  lig.  7.  consists  of  four  posts,  a.  fr.  r,  d^ 
of  which  h  and  c  are  about  fifteen  feet  distant  from  each  other, 
the  one  six,  and  the  other  seven  feet  high.  The  latter  support 
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a  cross-pieea,  e,/,  which  Is  six  inches  deep,  its  lower  side  three 
inches  wide,  and  its  upper  one  about  two;  altogether  it  is 
shaped  tike  the  upper  part  of  the  rail  of  an  ordinary  staircase : 
^,  A,  and  i,  A,  arc  two  poles  made  of  fir,  eight  feet  long,  and 
from  two  to  two  inches  and  a  half  thick :  made  round  and 
smooth,  and  of  different  heights,  for  the  convenience  of  the 
learners. 

Erercite  I.  The  learner  raises  himself  into  the  position  shewo 
at  No.  1,  upon  the  stand  a,  6,  r,  (f,  and  swings  his  legs  back* 
ward  and  forward,  the  higher  the  better,  as  long  as  he  possibly 
can;  during  which  motion  liis  feet  will  nearly  describe  the 
semicircle  e,f,  q, 

2.  When  in  the  last  position,  the  learner  makes  a  jump,  as  it 
were,  with  bis  hands  forward,  and  repeats  it  until  he  arrives  at 
the  end  of  the  stand :  whence  he  commences  jumping  l»ack- 
ward  as  far  as  the  other  extremity.  This,  and  the  preceding, 
are  two  excellent  exercises  for  strengthening  the  wrists. 

3.  The  learner,  after  having  raised  himself  into  the  position 
required  in  Ex.  1,  lowers  his  body  so  as  to  bring  his  heaa  nearly 
on  a  level  with  his  elbows,  which  must  be  kept  exactly  over 
the  bars.  See  No.  *i.  The  most  difficult  part  of  the  exeicisc 
follows  ;  which  consists  in  raising  himself  again  into  his  former 
position.  This  exercise,  which  he  should  repeat  as  often  as 
possible,  is  perhaps  the  best  of  any  for  strengthening  the 
muscles  of  the  chest,  and  particularly  those  which  are  con- 
nected with  the  shoulders. 

4.  As  many  of  the  learners  place  themselves  in  a  row  under 
the  bar  e,/,  fig.  7,  as  can  find  convenient  room ;  the  tallest  arc 
nearest  to  the  end/.  The  others  who  are  not  able  to  share  ni 
this  exercise,  help  their  companions  up.  so  that  they  may  seize 
the  bar  with  both  hands,  and  then  leave  them  in  that  position. 
Each  now  supports  his  own  weight  with  arms  at  full  length,  as 
long  as  he  possibly  can;  which  forms  the  fust  part  of  this 
exercise.  The  second  is  more  difficult :  it  consists  in  keeping 
the  elbows  so  much  bent,  that  one  shoulder  remains  close 
under  the  bar.  Since  it  is  not  in  the  power  of  every  beginner 
to  raise  himself  to  this  position,  the  teacher  must  assist  him 
until  the  required  height  is  attained  ;  it  is  sufficient  for  him  to 
remain  there  but  a  short  time  at  Orst  Hie  excreise  is  render- 
ed  more  lively  by  letting  the  learners  try  who  can  bang  in  this 
manner  longest;  but  tlic  teacher  must  prevent  any  one  from 
overdoing  it. 

6.  The  Imnds  are  placed  upon  the  bar,  over  opposite  sides, 
as  seen  in  No.  I.  At  another  time  they  may  be  placed  both  on 
the  same  side.  The  learner  now  draws  himself  so  much  up- 
ward, as  to  be  able  to  see  over  the  bar,  keeping  the  legs  and 
feet  closed  and  stretched  out.  He  then  lowers  himself  to  the 
full  length  of  his  arms,  and  again  raiiics  his  body.  This  exer- 
cise is  very  trying  if  often  repeated.  Most  persons  will  go 
through  it  three,  six,  or  perhaps  nine  times,  but  few  reach  the 
eighteenth  or  twenty-fourth  time.  It  must  not  be  carried  too 
far,  for  the  muscles  are  to  be  strengthened,  not  relaxed. 

These  two  exercises  sbonid  be  frequently  repealed,  since 
they  wonderfully  increase  the  muscular  powers,  and  greatly 
facilitate  the  succeeding  exereises. 

C.  The  learner  hangs  with  his  hands  upon  the  bar,  a<  before, 
nnd  then  raises  and  lowers  the  legs  alternately.  See  No.  2. 
The  hands  are  fixed  on  both  sides,  and  at  a  little  distance  from 
each  other;  the  elbows  are  ^ ery  much  bent;  one  shoulder  i« 
immediately  under  the  bar.  nnd  the  upper  parts  of  the  arm^  Vw 
close  to  the  body.  The  head  now  sinks  backward,  nnd  at  the 
same  time  the  feet  are  raised  so  as  to  touch  each  other  gently 
over  the  bar.  From  this  the  v  again  sink  into  the  han^ioK  po^i- 
tion.  Ueginnert  who  have 'not  thoroughlv  practised  thf  two 
preceding  exercises,  find  this  one  very  diflicult :  some  make  a 
preparatory  swing  with  the  feet  to  assist  them:  hut  this  it  not 
correct,  since  the  exercise  ought  to  be  performed  entirely 
through  the  muscular  force  of  tin-  nrnis.  back.  &e.  It  can  !•<• 
repented  six,  nine,  twelve,  eiphleen.  tuent>.frmr,  and  e\en 
thirty  times.  The  teach'^r  is  again  recommended  to  nrev^^iit 
any  one  from  overdoing  the  e\erei«e:  the  pupils  !"hould  not  be 
impatient,  but  overcome  e\ery  diflieulty  by  pr.ietlre  alone. 

7.  Let  the  feet,  when  in  the  position  of  No. !?,  as  requited  in 
t'iC  preceding  exercise,  elinu  close  to  each  other  over  the  bar. 
:ind  remain  as  long  as  possible  in  this  position.  The  Icarnet^ 
try  to  excel  one  another  in  this  cxercis*.*, 
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8.  SappoBO  tbe  body  la  be  in  the  last-mentioned  positioiiy 
viz.  No.  2.  Throw  tbe  right  arm  and  right  leg  quickly  over 
tiie  bar,  so  as  to  hang  to  it  by  the  elbow  and  knee  joints,  as 
seen  in  No.  3.  Change  the  position  with  the  same  quickness 
by  throwing  the  left  leg  and  arm  over  the  bar,  in  order  to  rest 
the  other  side.  Finally,  the  body  may  be  made  to  hang  by  tbe 
right  leg  and  left  arm,  and  vice  versa.  Thi^  exercise,  which  is 
performed  upon  the  round  bars  ^,  A,  and  t,  A,  is  rendered  very 
pretty,  by  the  position  of  the  body  and  limbs  being  continually 
varied,  and  is  very  useful  as  a  preparatory  one  to  climbing; 

9.  Suppose  the  body  to  be  again  in  the  position  of  No.  2. 
Commence  moving  the  hands  one  before  the  other,  either 
towards  e  or/,  and  let  tbe  feet  follow,  either  sliding  along  the  ' 
bar,  or  what  is  much  better,  alternately  changing  like  the 
hands,  and  retaining,  in  some  measure,  a  similar  hold.  Con- 
tinue moving  along  the  bar  in  this  manner,  as  long  as  your 
strength  will  permit. 

10.  The  body  hangs  to  the  bar  by  the  hands,  placed  as 
sliewn  at  No.  4 ;  these  are  then  moved  either  forward  or  back- 
ward alternately  as  long  as  possible.  This  exercise  is  fauJty 
when  the  arms  hang  straight  and  slack ;  or  when  the  feet, 
instead  of  being  quiet  and  dose  together,  are  violently  drawn 
up  and  down.  It  may  be  varied  by  tbe  learner's  placing  him- 
self in  front  of  the  bar,  hanging  by  both  hands,  and  moving  the 
latter  alternately  sideways. 

11.  When  a  person  is  in  the  position  of  No.  3,  it  is  very  easy 
for  him  to  throw  tbe  left  leg  over  the  bar  and  across  tbe  right 
one ;  then  let  to  go  the  arms  entirely,  and  hang  by  the  knee  joints 
only.  This  exercise  is  perfectly  safe,  strengthens  the  knee 
joints,  and  is  often  useful  in  climbing. 

12.  The  body  being  in  the  position  of  No.  2,  the  learner 
endeavours  to  sit  upon  the  bar.  The  first  attempts  frequently 
fail,  since  some  strength  and  agility  are  required.  The  easiest 
way  of  doing  it  is  thus :  suppose  yon  wish,  when  in  the  posi- 
tion of  No.  2,  to  get  up  on  your  right  side  of  the  bar ;  take  a 
fast  hold  by  the  right  knee  joint,  grasp  firmly  with  the  right 
hand,  and  bring  the  left  arm  over  the  bar  so  that  tbe  latter  may 
be  exactly  under  the  armpit.  From  this  position,  the  required 
or  riding  one  is  obtained  with  very  little  trouble. 

13.  When  a  person  is  in  the  riding  position  upon  the  bar,  it 
is  very  easy  for  him  to  turn  towards  the  front  of  the  bar  e,f; 
viz.  by  supporting  himself  upon  one  thigh,  while  the  other  leg 
hangs  down.  He  then  moves  along  the  bar  sideways,  by  rais- 
ing his  body  with  his  hands,  which  are  placed  on  the  bar  on 
each  side  of  him.  This  exercise  is  very  useful  in  practising  a 
person  to  proceed  a  great  way  along  a  high  beam. 

14.  The  learner  is  in  front  of  tbe  bar,  with  his  hands  resting 
upon  it,  as  in  No.  6 ;  he  then  removes  his  hands  either  to 
the  right  or  left,  and  supports  himself,  in  this  manner,  as  far  as 
be  can  along  the  bar. 


16.  Suppose  a  persoB  to  be  anpportiiig  himself  bj  flit  iMMb 
upon  tiie  bar,  as  before,  No.  4 ;  be  then  throws  his  head  dowa 
forward,  and  dives,  as  it  were ;  the  middle  of  the  body  rerti 
momentarily  upon  the  bar,  the  feet  swing  upward,  the  whale 
person  turns  completely  round,  and  the  feet  come  to  the  gvoaad. 
This  is  swinging  round  the  bar  forward ;  it  is  more  dUfeall, 
but  prettier,  backward.  Supported  by  the  haads  as  hefhre,  tbe 
learner  swings  his  feet  once  or  twice  backward  aad  liMwavd ; 
when  in  the  last  swing  he  throws  them  qoiekly  forward  ondcr- 
neath  the  bar,  forcing  them  upward  on  the  opposite  side,  aad 
then  passes  them  over.  See  No.  6.  In  this  he  also  rests 
momentarily  with  the  middle  of  the  body  upon  the  bar,  aad 
then  returns  to  his  first  position.  This  swiop  round  the  bar 
backward  is  not  easy  at  first ;  it  reMires  a  good  deal  of  agiMy 
and  exertion  of  the  elastic  force.  The  exercise  should  uSnjt 
be  performed  upon  a  smooth  round  bar,  as  ^,  A,  or  t,  ft.  Bxef> 
cises  of  this  kind  admit  of  numerous  variatioas,  aad  hoys  sooa 
find  them  out ;  but  the  teacher  should  always  staad  by  U 
observe  them,  and  to  give  his  asslatance  to  acy  one  who  ovy 
require  it. 

V.  Vaulting,  oir  raising  the  body  from  the  groaad  qniekiy  Ij 
a  spring,  and  giving  it  at  the  same  time  such  a  swing  by  lean- 
ing the  bands  upon  a  fixed  object,  and  poising  the  body  if 
necessary,  that  the  leap  may  be  completed  with  fociiity.  Ws 
exercise  augments  the  flexibility  of  the  arms  and  legs ;  .it  aig- 
ments  also  the  muscular  powers  of  the  body,  mnd  is  serviceaMB 
in  horsemanship,  coursing,  and  numerous  pastimes  of  yootk. 

y  I.  Leapina  with  a  Pole,  as  the  high  leap,  the  long  leap,  Ibe 
deep  leap — afi  of  which  are  a  species  of  vaulting,  in  whidh  the 
leaper  carries  a  pole  with  him,  which  he  places  exactir  apse 
any  spot  that  offers  itself,  and  upon  which  he  supports  htaiielf 
during  the  leap. 

VII.  Balancing t  the  art  of  preserring  a  just  e^ailibrioBi  eC 
the  body  in  whatever  position  it  may  be  placed,  is  a  pleasiBf 
exercise  confined  to  the  lower  extremities,  or  legs,  and  may  be 
performed  on  the  ground  or  on  a  bar. 

Tbe  balancing  bar  consists  of  the  stem  of  a  tall  and  straight- 
grown  fir,  planed  off  quite  round,  about  00  feet  in  length,  aad 
placed  in  a  level  direction ;  see  a,  b,  in  tbe  following  figare.  Its 
thickest  end  «,  is  supported  by  a  post  e,  and  may  be  raised  er 
lowered  at  pleasure,  by  means  of  an  iron  peg,  made  to  pass 
through  the  holes  bored  in  the  sides  of  the  post.  The  stand  d 
supports  the  bar  somewhere  about  its  centre,  which  eaa  alio 
be  raised  or  lowered  in  this  place.  That  part  of  tbe  bar  tnm 
d  to  6,  remains  without  support,  and  consequently  waven 
when  any  weight  is  placed  upon  it.  The  upper  surface  of  tie 
bar  is  usually  about  3  feet  above  tbe  ground  :  it  may  be  fiat- 
tened  a  little  about  a  foot  from  tbe  extremity  h. 

The  teacher  conducts  the  pupil,  by  the  hand,  along  the  bar, 
a  few  times.    The  latter  must  keep  his  feet  tamed  monari, 


and  bis  bodv  in  an  upright  position.  Little  boys  soon  accus- 
tom themselves  to  walk  upon  the  wavering  end  of  the  bar ; 
they  gradually  take  more  courage,  and  learn  to  preserve  their 
balance.  After  a  short  time,  the  teacher  begins  to  give  the 
pupil  less  assistanoe ;  Instead  of  holdinj^  him  fast  by  the  arm, 
be  now  only  allows  him  to  touch  the  point  of  his  finger,  and  at 
last  only  places  bis  hand  before  him. 

2.  The  learner  walks  along  the  bar,  without  the  assistance  of 
the  teacher,  (see  No.  1,)  who,  however,  remains  by  his  side,  at 


first,  In  order  to  observe  the  position  of  his  body,  aad  Iks 
placing  of  his  feet,  and  also  to  assist  hhn  if  absotatdlf 
required, 

3.  As  soon  as  the  learner  is  able  to  walk  coorageoosly  rfos| 
the  bar,  preserving  a  good  position  of  the  bodv,  aad  also  to 
spring  off  without  falling,  whenever  he  may  have  lost  feii 
balance,  the  teacher  must  render  his  walk  more  difiedt.  If 
placing  obstacles,  such  as  large  stones,  upon  the  bar«  whisks 
u  either  to  step  over,  or  to  lift  up ;  or  he  may  hold  a  ""^ 
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Mick  before  hiiii«  aboot  the  height  of  hit  knee,  sad  make  hiai 
atep  over  iL  See  No.  12.  The  exerciie  ii  made  more  dificolt 
by  oblif  iuf?  the  learner  to  hold  hit  hands  aeroM  hia  breast, 
instead  of  using  them  to  assist  in  keeping  hif  balance* 

4.  Hitiierlo  the  learner  has  been  acoostomed  to  walk  from 
a  to  i,  and  to  jump  off  from  the  latter  extremity ;  but  the 
teacher  now  makes  him  turn  r^und  at  b,  and  return  to  e.  He 
ooght,  however,  to  have  previously  learned  to  turn  himself  well 
upon  the  tliick  end  of  the  bar. 

6.  The  pupil  walks  backward  upon  the  bar;  an  exercise 
which  is  not  at  all  so  diflleult  as  it  appears,  if  he  have  acquired 
aolBcient  expertness  in  the  preceding  ones. 

6.  Two  learners  meet  upon  the  bar,  and  wish  to  pass  each 
other.  They  hold  one  another  fast  by  the  arms,  and  advance 
breast  to  breast.  Each  places  his  right  foot  forward,  close  to 
that  of  his  comrade,  across  the  bar.  8ee  No.  3.  They  count 
!•  2,  3,  and  turn  completely  round  one  another  at  the  word 
ikr^e,  each  making  a  step  with  his  left  foot  round  the  right  one 
of  his  comrade,  as  the  tw»  learners  have  already  done  at  No.  4. 
The  two  learners  represented  at  No.  6,  are  turning  themselves 
round  after  having  placed  the  left  foot  in  front;  and  have 
completed  the  turn,  except  the  withdrawing  of  tliis  foot 

7.  This  is  a  repetition  of  a  preparatory  exercise  to  vaulting, 
applied  to  the  balancing  bar.  When  performed  upon  the 
%»avering  part  of  the  bar,  it  is  an  excellent  exercise  in  balanc- 
ing. The  learner  should,  in  repeating  it,  advance  nearer  to 
the  end  h  of  the  bar. 

8.  This  is  a  repetition  of  some  preparatory  exercises,  tix. 
the  sitting  down  and  standing  up  on  one  leg,  applied  to  the 
balancing  bar.  See  No.  6.  At  one  time,  the  right,  at  another, 
ilie  left  leg  is  lowered.  When  this  exercise  is  performed  at 
the  extremity  of  the  bar,  as  in  No.  6,  a  great  deal  depends 
upon  the  steady  position  of  the  body.  It  is  necessary  that  the 
taacber  should  stand  cloie  by  the  learner,  in  order  to  assist 
bim  in  case  of  his  falling. 

9.  It  is  not  difficult,  when  standing  upon  that  part  of  the  bar 
where  the  wavering  is  slight,  to  raise,  by  aid  of  the  hands,  one 
foot  so  high,  (lowering  the  head  at  the  same  time,)  as  to  be 
enabled  to  kiss  the  tuc,  as  shewn  in  No.  7.  When  the  learner 
it  expert  in  this,  let  him  attempt  it  on  the  wavering  end  of  the 
bar,  where  it  is  much  more  diflicult  The  foot  is  placed  upon 
tbe  bar,  in  the  direction  of  the  latter.  The  learner  waits  until 
all  wavering  has  ceased ;  he  then  raises  the  foot  slowly  and 
ateadily,  and  bends  forward,  taking  great  care  all  the  wlule  to 
preserve  his  balance.  He  seises  the  foot  quickly,  but  without 
Baking  much  motion,  and  oondacts  it  to  the  month.  Upon 
retnming  his  foot  to  the  bar,  he  should  stand  very  steadily 
upon  it. 

10.  Two  learners  meet  upon  the  bar,  and  each  endeavonrs 
to  push  the  other  off,  by  using  one  hand.  See  No.  8.  The 
learners  must  recollect  they  are  not  to  give  a  hard  blow,  but 
rather  a  push,  keeping  the  arm  stiff.  This  exercise  teaches 
tbem  to  maintain  their  position  npon  a  narrow  round  surface. 

•  IK  A  support  is  placed  under  the  end  &,  of  the  bar,  and  the 
iron  peg  which  supports  tlie  latter  in  the  sUnd  <f,  is  removed. 
All  the  learners  the  A  walk  along  the  bar,  at  the  distance  of  two 

Eaces  behind  each  other.  This  exercise  instructs  the  learners 
I  crossing  a  river  or  ditch  by  means  of  a  long  pole.' 
In  walking  along  the  bar,  it  is  necessary  to  torn  the  feet 
ontward,  so  as  to  keep  them  more  across  it  than  in  its  own 
direction.  By  observing  this,  the  pupil  is  much  less  liable  to 
alip.  3.  As  the  upper  surface  of  the  bar  is  generally  too 
smooth  in  very  dry  weather,  the  soles  of  tbe  shoes  should,  in 
that  ease,  be  damped  by  rubbing  them  npon  a  wet  spot  of 
ground.  3.  From  the  nature  of  these  exercises,  it  is  evident 
that  they  should  never  be  performed  with  violence  or  rashness, 
but  rather  with  patience  and  caution.  If  the  bar  swings  too 
aioch,  you  should  wait  until  it  is  steady,  before  yon  continue 
what  you  have  begun.  4.  The  ground  about  the  bar  should 
cmasist  of  sand.  6.  The  teacher  should  always  stand  near  the 
bi^nner  to  give  him  assistance.  G.  No  voluntary  swinging  of 
the  bar,  on  the  part  of  the  learners,  must  be  allowed. 

VIIL  Ciimbinp  mnd  Mounting.  These  arts  are  of  the  almost 
importance  to  the  military,  maritime,  and  olvil  inhabitaoU  of 
Bntaia.  The  soldier  who  has  been  veil  tanght  in  the  gym- 
BUde  aebool,  bw  aa  imaeMt  mdvaBtago  ovar  both  bis 


rade  and  his  enemy,  in  case  of  ••  attaek  wpon  a  plaee  diAcult 
of  access,  such  as  the  storming  of  a  town,  cw  the  carrying  of  a 
commanding  height  The  saiWs  life  is  spent  in  climbing, 
and  he  would  always  feel  the  oenefit  of  early  instmetion  in 
these  practices.  The  traveller,  afraid  of  danger  or  fatigue, 
passes  rocks  or  mountains  eommanding  the  most  beautifal 
prospects,  which,  if  well  instructed,  he  might  ascend  with  ease 
and  pleasure,  and  the  inhabitant  of  the  city  would  sleep  more 
secure  from  the  apprehension  of  fire,  if  he  felt  oonfident  in 
being  able  at  the  shortest  notice  to  descend  the  loftiest  and 
most  awkward  elevations.  Such  security  may  be  promised  to 
him  who  has  mastered  the  gymnastic  art,  as  practised  in  vari- 
ous parts  of  Germany,  and  as  now  taught  in  Bugland. 

Th€  Climbinp-itmnd.  This,  with  all  its  appurtenances.  Is 
represented  in  the  Plate,  fig.  6.  It  consists  of  two  strong 
%posts  a  and  b  firmly  fixed  in  tbe  ground ;  SO  feet  liigh,  and 
aboot  30  feet  distant  from  each  other,  'i'hey  support  the  beam 
€  d,  which  is  strongly  fastened  to  them.  The  mast  e,  is  fixed 
upright  and  very  firmly  in  the  ground,  and  in  such  a  manner 
as  to  pass  close  by  the  beam  r</,  to  which  it  may  be  atuched 
by  means  of  an  iron  band ;  though  this  is  not  necessary  if  it  bo 
supported  by  tbe  slant  post  a  on  the  other  side  of  the  stand. 
To  the  beam  rcf,  are  attached  ttie  implements  for  climbing;  rt>. 
two  poles/ and  ^,  three  ropes  /,  m,  and  n,  a  rope  ladder  i,  and 
a  mast  A.  The  two  standing-places  o  and  p  are  intended  for 
the  exercises  in  mounting.  A  ladder  leads  to  the  lower  one, 
and  is  made  fast  to  the  mast  e ;  another  leads  from  tbe  lower 
to  the  upper  one.  The  firm  construction  of  these  standing- 
places  must  be  executed  under  the  eye  of  the  teacher :  tho 
upper  one  p  may  be  dispensed  with  if  the  latter  thinks  proper  t 
it  IS  merely  intended  for  tho  porjpose  of  strengthening  the 
nerves  of  the  learners  by  accustoming  them  to  look  down  from 
a  great  height 

Climbing  bv  meam  rfbotk  Armg  mnd  Legs,  The  teacher  most 
require  the  learners  to  be  expert  in  the  exercises  given  in 
Section  IV.  pages  425  and  420,  before  they  commence  the 
following  ones,  to  which  they  may  be  considered  as  preparatory. 

1.  Beginners  ascend  and  descend  the  ladder  which  is  fixed 
to  the  climbing-stand,  in  the  customary  way,  until  they  acquire 
cxpertness  and  courage. 

2.  They  descend  with  the  back  turned  towards  the  ladder. 

3.  They  mount  and  descend  in  the  usual  way,  but  only  with 
one  hand;  and,  after  a  little  practice,  carry  something  in  tho 
other.    See  No.  1. 

4.  The  learner  goes  up  and  down  without  using  his  hands. 
See  No.  2.  The  ascent  is  extremely  easy;  after  which  be 
uses  bis  hands  in  turning  round  so  as  to  have  his  back  towards 
the  ladder  when  descending.  In  this  part  of  the  exercise,  tho 
teacher  most  always  be  ready  to  assist  him. 

6.  Two  learners  meet  upon  the  ladder,  and  wish  to  pass  eadi 
other.  They  cither  both  remain  on  the  front  part  of  the  lad- 
der, and  give  way  to  each  other  as  much  as  possible,  or,  if  one 
of  them  is  sufficiently  expert  in  the  two  following  exercises,  he 
swings  himself  round  to  the  back  part,  in  order  to  let  his  com- 
panion pass. 

6.  Tbe  exercises  now  commence  on  the  back  part  of  tbe 
ladder.  The  learner  easily  ascends  from  step  to  step  by 
advancing  his  Imnds  and  feet,  at  the  same  time,  idgber  and 
higher. 

7.  The  learner  moonts  along  the  front  part  of  Ae  ladder 
as  usual ;  then  swings  himself  round  to  tho  baek  part,  alof 
which  he  descends. 

8.  The  learner  mounts  and  descends  the  ladder  npon  its 
back  part  without  making  use  of  his  feet  See  No.  3.  Al- 
though this  exercise  ought  not  strictly  speaking,  to  be  in- 
troduccd  here,  jret  as  we  are  busy  with  the  ladder,  there 
will  be  no  harm  la  mentioning  It  now.  It  may  be  divided  into 
two  parU.  The  first  eonsisU  in  taking  fast  hold  of  the  most 
convenient  randlo  with  both  hands,  and  raising  tbe  body 
forcibly  upward.  At  this  nMment  ^m  hand  seiaea  tbe  Best 
highest  mndle,  and  iounediately  afterwards,  the  other  baod 
does  the  same.  Both  hands  again  raise  tbe  body  as  belbre,  Im. 
In  the  second  part  of  this  exercise,  the  hands  seine  tbe  nindlet 
singly  and  alternately ;  which  is  maeb  more  diffienlt,  and  osly 
accomplished  by  practised  leanara. 

9.  CUmku^ Mtrikt  Ufhgii €r Skm  P^U.    Tbo 
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of  the  apright  pole/,  is  from  two  to  two  inobes  and  a  half,  or 
more,  according  to  the  siie  of  the  learners.  It  must  be  per- 
feetlj  smooth,  and  void  of  splinters.  Its  apper  end  is  fastened 
by  an  iron  ring  to  the  beam  c  d.  The  slant  pole  p  mnst  be  at 
least  three  inches  thick.  Neither  of  them  is  made  very  fast  in 
the  groand,  bat  only  sank  a  little  into  it,  in  order  that  they 
may  be  easily  replaced  by  poles  of  different  sizes.  The  posi- 
tion of  the  climber  is  the  same  in  both  the  upright  and  oblique 
pole,  and  is  shewn  upon  the  latter,  in  No.  4.  Nothing  must 
touch  the  pole  besides  the  feet,  legs,  knees,  and  hands.  The 
climber,  while  he  raises  himself  with  both  hands,  draws  his 
legs  up  the  pole,  as  in  6g.  4,  then  holds  fast  by  them,  and 
again  places  bis  hands  higher  up.  He  continues  this  alternate 
use  of  the  legs  and  arms  until  he  has  reached  the  top.  The 
descent  is  not  at  all  diflBcult;  it  is  not  performed  similar  to 
the  ascent,  but  merely  by  sliding  quickly  down  with  the  legs, 
wHfaoot  scarcely  ever  touching  the  pole  with  the  hands,  as 
shewn  in  No.  5.  This  exercise  is  more  difficult  upon  the 
oblique  pole,  since  the  hands  are  more  affected  by  the  weight 
of  the  body.  The  learners  should  be  made  very  perfect  in  this 
exehnse,  for  every  one  ought  at  least  to  be  sufficiently  expert 
in  case  of  fire  to  slide  himself  down  along  a  smooth  pole  placed 
against  the  window  of  a  second  or  third  story  of  a  house. 

10.  Climhing  the  Mast  is  more  difficult  than  the  last  exercise, 
for  even  when  made  of  a  moderate  size,  it  cannot  be  spanned 
round  by  the  hands.  It  is  fixed  quite  firm  in  the  ground  ;  is 
from  six  to  eight  inches  thick  at  the  bottom,  and  thirty  feet 
high.  The  learners  must  not  be  allowed  to  climb  the  mast 
until  they  are  very  expert  at  climbing  the  poles  mentioned  in 
tlie  last  exercise,  and  are  able  to  get  from  that,  upon  the  beam 
c  d.  All  climbing  succeeds  best  in  hot  weather,  but  more  par- 
ticularly that  of  the  mast.  The  position  of  the  legs  is  the  same 
as  with  the  pole:  boots  are  the  best  covering  for  the  feet. 
Since  the  mast  is  too  thick  to  be  grasped  by  the  hands,  the 
climber  must  lay  fast  bold  of  his  left  arm  with  his  right  hand, 
and  vice  verth.  Learners  climb  with  much  more  ease  and 
security,  with  naked  arms,  for  the  skin  does  not  slip  near  so 
easily  as  the  dothes.  A  climber  up  the  mast  adheres  to  it 
with  his  whole  body,  as  in  ^%.  6,  until  he  reaches  the  thinner 
part  of  it,  as  appears  from  No.  7. 

11.  Climbing  tiie  Rope-ladder,  (See  t,  in  the  Plate.)  The 
rope-ladder  should  have  three  or  four  wooden  rundlcs  to  spread 
it  out,  and  ought  to  be  made  so  as  not  to  twist  round  and  en- 
tangle when  used ;  if  it  has  this  fault,  it  is  unserviceable. 

It  is  much  more  difficult  to  mount  the  rope-ladder  than  the 
pole,  the  former  hanging  quite  loose,  and  not  at  all  fastened  at 
the  bottom.  The  muscles  of  the  arms  and  hands  are  very 
much  aff^ected;  for  the  latter  must,  when  the  learner  is  not 
sufficiently  acquainted  with  this  exercise,  almost  entirely  sup- 
port the  body,  which  continually  inclines  backward.  The 
manner  of  proceeding  in  this  exercise  is  easy,  for  it  is  similar 
to  ascending  a  wooden  ladder ;  but  as  the  rope-ladder  hangs 
perpendicularly,  and  is  very  flexible,  the  steps  upon  which  the 
Ibet  rest,  are  generally  pushed  forward  by  the  unpractised, 
and^  the  upper  part  of  the  body  sinks  out  of  the  perpendicular 
position  into  a  very  oblique  one ;  whereby  the  whole  weight  of 
the  body  becomes  supported  by  the  hands,  and  the  exercise  is 
rendered  so  difficult  that  the  learner  cannot  ascend  very  high. 
To  obviate  this,  he  must  always  have  a  fast  hold  of  the  two 
main  ropes,  as  shewn  in  ikf^,  8,  and  keep  the  body,  as  much  as 
possible,  stretched  out  upon  the  ladder  and  upright  If  the 
ladder  is  sufficiently  strong,  the  teacher  allows  two  or  three  of 
his  pupils  to  get  up  and  down  at  the  same  time ;  by  which 
means  they  learn  to  pass  each  other.  One  hangs  by  a  main 
rope  until  the  other  has  passed  hint. 

.  12.  Climbing  either  the  Oblique  or  Level  Rope,  Let  a  rope  be 
fastened  from  one  post  to  another,  or  from  the  beam  c  d,  to  an 
adjoining  post  k,  and  in  an  oblique  direction.  -  Another  might 
also  be  placed  in  a  level  direction,  having  one  end  fastened  at 
A,  and  the  other  to  the  post  b.  In  either  case  the  learner  fixes 
himself  to  the  rope  as  in  No.  9,  in  the  position  required  in 
Exercise  7,  Section  IV.;  and  advances  along  the  rope  in  the 
way  required  in  Exercise  9,  Section  IV.  In  this  roanuer,  a 
number  of  soldiers  might  cross  a  small  river,  witli  their  arms 
and  knapsacks,  when  other  means  failed. 
There  aie  two  ways  of  osiDg  the  legs  in  tliia  cxcriHse ;  1st, 


exactly  as  in  Exercise  9,  Section  IV.,  so  that  the  feet,  eiOer  in 
ascending  or  descending,  move  forward  along  the  rope  alter- 
nately ;  or  one  leg  onljr  may  hang  over  the  rope,  suid  be  made 
to  slide  along  it  ;>«bnt  in  both  oases  the  pressare  is  MUBfoi^ 
particularly  if  the  climber  does  not  wear  bcNots.  The  2a,  whiok 
is  the  best  method,  is  to  place  the  sole  of  one  foot,  for  instaaee, 
the  right,  flat  upom  the  rope,  and  to  lay  the  left  leg  acroea  the 
instep  of  that  foot;  whereby  the  friction  of  the  rope  ia  f»> 
moved. 

f^  13.  Climhing  the  Upright  Rope.  This  exercise  is  shewn  ia 
the  figure,  upon  two  ropes  /  and  m,  because  the  secnriog  of  tht 
rope  by  the  feet  may  be  done  in  two  dilTerent  ways.  It  is  very 
easy  to  those  who  are  already  expert  at  dimbing  the  nprkht 
pole.  The  only  difficulty  lies  in  seising  the  rope  wttii  tbe  net 
so  as  to  obtain  a  firm  support. 

Tbe  first  method  is  shewn  in  No.  10,  upon  tbe  rope  I.  Kneei 
and  thighs  have  nothing  to  do  here ;  only  the  feet  are  eai- 
ploycd.  If  the  learner  sit  upon  a  chair,  and  cross  bis  fiset  ia 
tbe  usual  way,  he  will  immediately  perceive  tbeir  proper  posi- 
tion. Tbe  rope  passes  between  them,  and  is  held  fast  by  presi- 
ing  them  moderately  together,  while  the  bands  altemateljr 
grasp  higher  up  the  rope.  Hereupon  the  climber,  banging  by 
his  hands,  also  draws  his  feet  higher  op,  ^xeu  tbem  agaiats 
the  rope,  and  proceeds  as  before. 

The  second  method,  peculiar  to  sailors,  is  shewn  at  No.  II, 
on  the  rope  m.  Tbe  rope  passes  down  from  the  bands  of  the 
climber,  along  one,  generally  the  right,  thigh,  not  far  above  the 
knee ;  winds  round  the  inner  side  of  this  tnigh,  along  the  kaee- 
hollowand  the  calf,  and  then  across  the  instep  of  tbe  right  foot, 
whence  it  hangs  loose.  If  the  climber  only  treads  moderately 
upon  that  part  of  the  rope  where  it  crosses  the  other  foot,  he 
will,  by  means  ^f  the  varied  pressure,  obtain  a  firm  support 
Tbe  exercise  depends  almost  entirely  upon  holding  tbe  fi|[ht 
leg  and  foot  so  that  the  rope  may  retain  its  proper  windisg, 
after  being  quitted  by  tbe  left  foot,  when  the  hands  have  beea 
raised  for  the  purpose  of  drawing  the  body  higher.  TUs  is 
easily  acquired  aftei:  a  few  trials.  In  descending,  the  basds 
must  be  lowered  alternately,  as  tbey  are  raised  in  ascendisf, 
for  if  the  hands  slide  down  quickly,  they  will  be  injored. 

14.  Resting  upon  the  Upright  Rope.  This  exercise  not  ooly 
excites  a  lengthened  power  of  the  muscles,  but  also  tends  to 
promote  expertness  in  dangerous  situations.  It  is  reprdwnt^ 
in  the  figure,  at  No.  12,  upon  the  rope  n  ;  which  mnst  be  mach 
longer  than  what  the  height  requires.  The  climber  monats  to 
a  moderate  height,  and  then  haults;  swings  tbe  right  ftnC 
three  or  four  times  round  the  rope,  so  that  this  winds  rofflMl 
the  leg;  he  then  entwines  it,  by  means  of  the  lefl/oot,  once  or 
twice  round  the  right  one,  which  he  bends  so  as  to  point  the 
toes  upwards,  and  now  treads  tbe  left  foot  firmly  upon  this  last 
winding.  Tbe  pressure  which  thus  arises  between  the  ro|>e 
and  the  feet,  opposes  the  whole  weight  of  the  body.  In  tkb 
position,  he  can  rest  a  long  time :  hot  suppose  be  wishes  to  be 
still  more  at  his  ease ;  with  this  intention,  he  lowers  his  hsodsi 
a  little  along  the  rope,  as  shewn  in  fig.  12,  then  holds  fast  widi 
the  right  hand,  stoops,  and  grasps  with  the  left,  that  part  of 
the  rope  which  hangs  below  the  feet.  He  raises  himself  again, 
and  entwines  this  part  a  few  times  round  his  shoulders,  hips, 
and  the  rope  itself,  until  he  is  firmly  entangled. 

15.  Climbing  Trees.  The  preceding  exercises  have  been 
applied  to  objects  made  very  firm  and  secure  by  art,  and  were 
therefore,  after  good  preparatory  ones,  attended  witboot  dan- 
ger. It  is  otherwise  with  trees:  their  branches  frequently 
give  a  very  insecure  support;  the  nature  of  the  wood  must  be 
considered  ;  consequently,  this  kind  of  climbing  requires,  with 
beginners,  the  careful  attention  of  the  teacher.  The  danger 
does  not  consist  in  clambering  up  the  stem  of  the  tree,  bat  is 
climbing  from  one  branch  to  another. 

Precautions.  The  teacher  must  only  allow  tbe  learner  to 
climb  up  low  branches  at  first,  so  that  he  may  narrowly 
observe  his  movements.  He  must  stand  by,  and  warn  lifli 
from  the  branches  which  appear  insecure,  and  make  fcua 
acquainted  with  the  important  rule,  to  support  himself  aloMMt 
entirely  by  the  hands,  and  not  to  confide  too  much  to  the  (fft, 
since  they  easily  slip  from  off  the  branches.  Beginners  most 
not  be  allowed  to  perform  this  exercise  in  winter,  for  then  the 
withered  branches  arc  not  so  easily  distiti|^isbcd. 
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The  different  adTantaget  which  matt  ocear  to  the  learner  in 
this  exercise,  increase  with  his  ag;ility  and  courai^.  He  is 
toon  enabled  to  pass  from  the  brsnchei  of  a  tree  to  those  of 
an  adjoininic  one,  and  so  on  along  a  whole  row.  If  he  have 
had  safliricnt  practice  with  the  rope,  he  will  not  always  clam. 
ber  up  and  down  the  stem  of  the  tree,  bnt  sciie  a  suflicientJy 
atronj;  branch,  which  hangs  low  enoajch  to  be  reached  from  the 
l^round  with  his  hands,  and  swinfc  himself  either  up  to,  or 
down  from  it.  Should  thin  branch  be  somewhat  hif^her,  he  can 
make  a  preparatory  run,  and  catch  it  immediately  after  having 
made  a  sprinsr. 

To  render  this  exercise  more  afcreeable,  and  to  try,  at  the 
flame  time,  the  expertnesiS  of  the  learners,  the  teacher  may 
sometimes  take  them  to  a  group  of  trees ;  he  then  counts  15, 
and  during  his  counting,  each  exerts  himself  to  climb  ko  high 
up  a  tree  as  to  be  without  the  reach  of  the  teacher's  stick ;  the 
cndea%ouring  to  escape  which  excites  great  laughter. 

Climbing  htf  meant  of  the  Armt  onltf.  This  is  one  of  the  best 
exercises  for  strengthening  all  the  muscles  of  the  chest,  the 
arms,  and  hands ;  it  is  a  true  criterion  by  which  to  judge  the 
powers  of  these  members,  and  it  also  augment.%  them  most 
eflfectnally.  We  seldom  find  a  boy  who  is  able,  in  his  eighth  or 
ninth  year,  to  raise  himself  a  little  way  either  up  the  rope  or 
|M>]e  by  his  hands  only.  The  age  of  fourteen  is  generally  the 
time  when  the  arms  become  sufficiently  strong :  therefore  some 
attention  must  be  paid  to  this  point,  with  respect  to  the 
learners.  The  best  preparatory  exercises  arc  the  6th  and  loth 
in  Section  IV.  The  exercise  itself  may  be  applied  to  the 
imdder,  (as  already  given  in  Exercise  VIII.)  to  the />o/r,  and 
the  rope,  either  slanting  or  upright. 

Ex.  I.  Climbing  up  the  Pole  hy  the  Hnnrlt  only^  is  perhaps 
easier  than  up  the  ladder,  for  with  this  the  body  hangs  quite 
free,  but  with  the  former  one  side  of  the  body  is  close  to  the 
pole,  which  facilitates  the  learner  n  little.  Sec  No.  i:).  When 
this  exercise  is  applied  to  the  upright  pole^  the  position  of  the 
body  will  be  good,  if  similar  to  that  represented  at  Hg.  13.  The 
feet  hang  loosely,  and  remain  perfectly  steady.  The  climber 
mast  not  be  allowed  to  bend  hie  knees,  nor  to  stamp,  as  it 
were,  in  the  air,  nor  to  let  the  pole  come  between  hi.s  thighs. 
There  are  two  methods  of  employing  the  hands  in  this  exer- 
cise. According  to  the  firtt^  which  it  the  nsual  mode,  both 
hands  raise  the  body  simultaneously ;  immediately  after  which, 
one  quickly  grasps  the  pole  higher  up,  while  the  other  supports 
the  weight  alone  for  a  moment.  The  teeond,  in  which  each 
hand  alternately  supports  the  body  alone,  and  the  other,  quite 
free,  seizes  the  pole  higher  up,  in  order  to  raise  the  body 
•in&in,  requires  great  practice  and  coiisidernble  strength  in  the 
arms.  In  climbing  the  slant  pole,  the  position  is  similar  to 
that  in  the  10th  Exercise,  in  Section  IV. 

2.  Climbing  the  Rope  6y  the  Hnnrlt  oa/y,  should  be  first  prac- 
tised upon  the  slant  rope,  as  with  it,  the  continual  grasping 
higher  up  Is  much  easier.  The  position  of  the  hands  and  of 
the  body  similar  to  that  required  in  climbing  the  pole. 

It  should  be  observed,  that  of  the  preceding  exercises,  all 
those  which  require  more  strength  and  agility  must  not  be 
kept  up  too  long.  Strength  increases  gradually,  its  growth  is 
not  only  combined  with  exercise,  bnt  also  with  the  develop- 
Dsent  of  the  corporeal  system.  For  this  reason,  such  exercises 
abould  \te  frequent  but  not  long. 

Exereitet  in  Mounting,  These  exercises  require  neither 
particular  strenf  th  nor  agility ;  they  are  intended  to  pro<Iuce 
fearlessness,  and  the  power  of  looking  down  fmm  high  stations, 
and  consequently  to  prevent  weakness  of  nerves  and  giddiness. 
The  teacher  will  have  little  difliculty  with  boys  accustomed  to 
the  country,  but  he  must  pay  great  attention  to  those  who 
come  from  large  cities,  as  they  arc  frequently  weak,  nervous, 
and  timid.  If  any  one  of  them  is  sufficiently  strengthened  by 
the  preceding  climbing  exercises,  and  becomes  bolder  in  climb- 
ing the  poir  and  the  ladder,  he  may  mount  the  first  standing- 
place  o.  If  he  be  very  timid,  then  even  his  climbing  to  the  top 
of  the  pole  will  be  no  certain  proof  of  his  having  lost  his  timi- 
dit> ,  for  the  firmness  with  which  the  climber  clings  to  the  pole, 
irives  him  a  security  whieh  renders  him  fearless;  he  may  still 
he  afraid  of  standing  quite  freely  upon  the  ladder  or  the 
stand ing-plaee.  Such  a  one  must  only  ascend  higher  up  the 
ladder  cradually,  tarn  roand,  and  sit  down  upon  a  rundle,  in 
45. 


order  to  accoatom  himself  to  look  down  for  a  long  time  opoa 
the  ground.  If  he  finally  climbs  the  pole/,  so  as  to  place  him- 
self in  the  riding  position  upon  the  beam  e  <f,  and  oaa  look 
down  with  indiflerencc,  he  may  then  fearlessly  get  upon  the 
lower  standing-place.  liut  whoever  eaa  ascend  the  beam  from 
the  pole,  the  rope,  and  the  rope-ladder,  and  can  shake  the  fane 
of  the  mast,  (see  No.  7,)  may  mount  with  confidence  the  upper 
standing-place  p, 

IX.  Wrestling  exercises  both  legs  and  arms,  excites  every 
muscle,  strengthens  the  chest,  circulates  the  blood,  and  gives 
youth  courage,  patience,  and  perseverance.  It  may  be  said 
to  consist  of  heaving,  fig.  4,  pulling,  fig.  8,  and  fighting  upon  the 
ground,  on  which  the  combatants  used  voluntarily  tu  throw 
themselves  down,  as  shewn  in  figures  2  and  .*).  This  was  the 
ancient  mode,  in  which  pinching,  biting,  scratching,  and 
luxation,  formed  legitimate  means  of  vanquishing  an  adver- 
sary. We  have  in  modern  wrestling  altered  these  Grecian 
customs,  where  the  virgins  were  taught  to  dance  in  pnbUo  at 
certain  festivals,  to  wrestle  with  each  other,  as  in  either  or  all 
the  three  groupcs  of  wrestlers  on  the  Plate,  to  run  with  the 
utiuoiit  speed  o%er  the  adjoining  country,  to  shoot  with  the 
bow,  and  to  launch  the  javelin ;  and  all  these  exercises  they 
performed  with  scarcely  any  clothing  to  encumber  them,  and 
without  any  feeling  of  shame,  for  Lycurgus  thought  that  where 
there  was  no  concealment,  there  was  no  temptation.  See 
Tuseul.  Quxst.  lib.  3,  for  Cicero's  description  of  the  pursuits 
of  these  daughters  of  liberty. 

We  proceed  now  to  consider  Gymnastics  as  tending  to  pre- 
serve or  to  re-establish  health,  by  a  development  of  the  moral 
faculties  and  physical  powers  of  man.  This  is  the  view  which 
the  politician  and  schoolmaster  should  take  of  this  art,  for  the 
posture  master  can  regulate  the  movements  of  the  human 
body,  and  the  Ourang-Outang  has  far  more  agility  and  pliancy 
of  muscular  power  than  man.  But  the  study  of  gymnastics  is 
inseparable  also  from  that  of  medicine  ;  at  any  rate,  the  art  of 
healing  abandoned  the  temples,  and  took  renige  in  the  aca- 
demics or  schools  ;  and  although  Captain  Clias  bo  not  a  phy- 
sician, he  has  given  his  work  ciuite  a  medical  turn,  interesting, 
above  all  praise,  from  the  edifice  he  rears,  appropriating  itfl 
parts  to  the  wants  of  life,  and  to  the  laws  of  living  economy. 
1  speak  from  actual  observation  of  this  gentleman's  instructions 
to  the  young  men  at  my  own  school.  His  constant  study 
seems  to  be,  to  determine  the  most  convenient  methods  for 
strengthening  the  powers  of  each  organ,  and  to  increase  the 
energies  of  the  vital  properties.  With  this  view,  he  has  con- 
trived ckercises  peculiar  to  the  action  of  each  part  of  the  body ; 
and  he  begins  at  first  bv  the  most  simpio  motions,  to  arrivo 
progressively  at  the  most  complicated. 

In  speaking  of  gymnastics,  we  are  not  here  contending  foi 
these  exercises  a^i  preservatives  of  health,  hut  what  U  most 
important,  as  applicable  in  all  the  different  kinds  of  dangerous 
and  morbid  disorders.  And  the  injuries  that  appear  capable 
of  yielding  to  a  well-combined  and  methodical  movement  oi 
the  loner  extremities,  are  lumbago,  sciatica,  the  imperfect 
anchiloscs,  sprains,  a  bad  construction  of  the  legs  and  thighs* 
palsies,  slilfness,  rheumatisms,  gout,  &o.  These  and  other 
morbid  aliections  ought  wholly  or  in  part  to  give  way  to  a 
frequent  exercise  of  the  arms,  when  they  have  taken  their 
direction  towards  the  upper  regions ;  but  as  the  action  of  the 
muscles  oi  the  arms  is  almost  always  simultaneous  with  tliose 
of  the  thorax,  the  same  exercises  will  naturally  correct  a  num- 
ber of  disorders  and  deformities  with  which  the  chest  is  threat 
ened.  Thus,  obstinate  coughs,  recent  asthma,  tendency  to  a 
curveil  spine,  and  the  vitious  formation  of  the  thorax,  &o 
would  find,  in  a  great  variety  of  these  movements  for  the  arms, 
an  advantage  that  would  be  vainly  longht  for  in  the  usual 
mode  of  treatment.  So  we  are  confident  of  the  salntarr  effiecta 
resulting  from  the  same  practice  on  the  visccras  of  the  abdomen 

1  have  seen  about  200  diflferent  exercises  performed  agree 
nbly  to  Captain  Clias's  directions,  of  which  not  one  could  be 
classed  among  the  games  and  pastimes  of  Scotland  and  Eng- 
land. And  the  great  merit  of  these  exercises  appears  to  me 
to  be,  that,  while  the  end  of  each  is  to  increase  the  elasticity 
of  the  articulation,  (i. «.  the  Joints,)  to  favour  the  development 
of  the  muscular  powers,  to  streoicthen  the  body,  and  faciliute 
standing  and  moving  in  any  attitade,  without  losing  the  eqnili- 
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1^nam,---4hoy  teicH  youth  also  to  bnnre  and  aroid  danperff, 
and  to  OTereome  obstaeleSy  which,  to  others,  would  be  insar- 
Boontable* 

I.  The  foUowini^  is  a  sketch  of  the  exercises  applicable  by 
Captaio  Glias  to  tiie  lower  extremities. 

1.  WmUtrnff,  numinff,  jw/Kpimg^  which  he  diTides  into  walk-^ 
ing  in  i^eneral,  preparatory  moTenents,  and  the  following^ 
exercises : 


1.  The  ordinary  step. 
%  Chanffes  in  ^aee. 

3.  The  doable  step. 

4.  The  triple  step. 

5.  Oblique  and  cross  step. 


6.  The  French  step* 

7.  Walking  on  the  heels. 

8.  Kicking. 

9.  The  broken  step. 
10.  The  ticktack. 


It  is  easy  to  perceive  how  mach  these  exercises  contribute 
to  develope  the  force,  the  suppleness,  and  the  agility  of  the 
lower  extremities ;  as  the  hip,  the  knee,  the  muscles  of  the 
thigh,  which  make  the  moTcment,  are  the  parts  most  fatigued. 

2.  Salandnf  on  the  feet  may  be  considered  introductory  to 
dancing,  and  its  exercises  are  ten : 


1.  Balancing  on  one  leg. 

2.  The  school  step. 

3.  The  pace  of  three  times. 

4.  First  balance. 

5.  To  touch  the  ground. 


6.  The  cross  touch. 

7.  The  touch  of  the  toe. 

8.  The  touch  of  the  heel. 

9.  Changing  the  guard. 
10.  Walk  near  the  ground. 


3.  Running,  which,  from  preparatory  movements,  carries 
the  pupil  through  ten  exercises : 


1.  Running  in  place. 
3.  Rising;  and  crouching. 

3.  Running  in  a  square. 

4.  Spiral  running. 

5.  Sinuous  running. 


6.  Doubling  the  line. 

7.  Running  with  a  stick. 

8.  Running  moderately. 

9.  Prompt  running. 
10.  Precipitate  running. 


Captain  Barclay's  walking  180  rnile^  without  resting,  and 
still  more,  his  doing  1000  miles  in  1000  successive  hours,  adSbrd 
strong  proofs  of  what  may  be  effected  by  persevering  exercise ; 
and  are  unparalleled  to  any  exercise  of  the  kind  of  which 
foreigners  can  boast. 

4.  Jumping  im  gentral,  embraces 


1.  Prej|>aratory  movement ji. 

2.  Riamg  9t  touching  behind. 

3.  Trampling  on  the  ground.. 

4.  Walking  pace  in  place, 
d.  Trotting  pace  in  place. 


6.  Galloping  pace  in  place. 

7.  Simple  jumping  in  place. 

8.  Redoubled  jumping. 

9.  Continued  jump. 

10.  The  spectre's  march. ' 


If  the  volume,  strength,  and  suppleness  of  the  members  are 
increased,  by  means  of  exercises,  Uiere  are  none  more  proper 
for  developing  the  lower  extremities  than  these  four  sections. 
The  details  of  these  exercises  occupy  00  pages  of  the  original 
work  before  me ;  and  a  judicious  gymnasian  would,  without 
doubt,  vary  and  modify  them  in  a  thousand  circumstances,  of 
which  he  only  can  be  the  judge. 

II.  The  exercises  of  the  superior  extremities  upon  the  plan 
of  Captain  Clias,  embrace 

1.  The  Movement  of  the  Arms,  consisting  of  these  exercises : 

1.  Raising  them  straight  in  front,  parallel  to  the  ears. 

2.  The  oscillatory,  or  pendulum  movement. 

3.  The  circular,  vertical,  and  superior  movement. 

4.  Developing  before,  striking  behind,  and  detaching  sideways. 

5.  Swimming  motions-— the  thrust— circling— >hovering— point- 

ing to  the  ground. 

2.  CkmpUeated  Movementt  oftlie  Arms  and  Feet  together,  in 
place  or  moving  forwards  and  backwards,  may  be  executed  by 
persons  of  all  ages,  and  in  every  station  of  life ;  for  by  their 
quick  and  rapid  action,  of  short  duration,  but  frequently  re- 
peated, they  are  calculated  to  give  strength  alike  to  the  youth 
and  the  adult,  by  making  them  active  and  pliant  in  their  limbs, 
enabling  the  grown  man  to  maintain  an  equilibrium  between 
the  body  and  mind,  and  the  old  man  to  warm  his  vital  powers, 
which  are  perhaps  nearly  extinguished. 

The  third  chapter  of  the  work  of  Captain  Clias,  treats  of 
complicated  exercises  in  a  series  of  twelve  different  ways  of 
climbing,  wrestling,  swimming,  and  vaulting.  We  arrive  at 
wrestling,  according  to  this  system,  by  a  coarse  of  preparatory 
exercises  that  serve  as  its  introduction :  as, 

I.  Kissing  the  ground  in  equilibriuni,  on  the  arms  and  the 
points  of  the  feet 


2.  To  the  ground  backwardiy  by  supporting  the  body  on  the 

hands  and  heels. 
8.  The  seven  or  square. 
4.  The  goat's  jump. 
6.  Squaring  with  the  hands,  or  wrestling  with  the  fista.    ' 

6.  Head  to  head. 

7.  Binding. 

8.  Bending  upwards. 

9.  Wrestling  with  sticks. 

10.  Forming  the  lever. 

11.  The  snares,  or  the  trip. 

12.  Taking  the  advantage. 

13.  The  first  fall. 

14.  Wrestling  on  the  ground. 

We  forbear  tiie  desorip  lion  of  eaeh  of  these  exercises,  aoi 
observe  that  they  are  all  the  natural  pastimes  of  yoath,  wUsb 
only  require  to  be  directed  by  a  man  capable  of  sppreeialiai 
the  different  dispositions  of  his  pupils,  in  order  to  nieteh  then 
conformably  to  their  strength,  agility,  and  courage. 

Jumfrinfff  running,  and  skipping  in  m  hoop,  developes  hscif  by 
passing  the  hoop  forward,  in  place;  passing  it  bebiBd;  ran* 
ning  through  the  hoop ;  making  the  half-pasaage  sideways,  ii 
place ;  the  entire  passage,  and  the  return  or  passing  aheve, 
which  are  ail  simple,  amusing,  and  healthful  exerdses  Isr 
boys  at  school.  ' 

Jumping,  running,  and  shipping  with  a  chords  is  a  welt-faMva 
exercise,  which  might  be  regelated  to  passing  before  or  beUsd, 
in  place ;  passing  before  in  running ;  skipping  in  plaee ;  ms- 
pie  passing  and  crossing,  in  place ;  three  sdtemate  jaa^ 
simple,  double,  and  crossing ;  doubling  right  and  crossed,  ad 
doubling  the  cross.  But,  in  short,  elementary  eikerciies  of  tke 
lower  extremities  may  be  varied  every  hoar  during  the  yeafs 
of  pupilage. 

Among  the  complicated  exercises  belongiiig  to  the  lower 
extremities  is  shaHng,  for  which  «ee  Skatino. 

Elementary  vaulting  and  the  parallel  bars,  are  also  resefved 
to  Vaulting. 

The  combination  of  all  these  exercises  forsM  one  of  the 
complete  systems  for  developing  the  muscular  sumI  physii 
powers  of  man,  that  can  be  defined  in  a  medieai  and  politieal 
point  of  view.  The  articles  shating,  swimming^  and  teaftiaf, 
which  we  hate  reserved  for  their  proper  places,  will  disdoae 
the  whole  of  the  Oymnastics  of  Captain  Clias,  and  they  will  be 
accompanied  with  engravings  illustrative  of  the  exercises. 

We  do  not  know  that  we  can  add  any  thing  nrare  pertiaeal 
on  this  subject,  than  the  following  remarks,  whioh  oecorrcd  ia 
a  periodical  publication,  which,  ^ough  it  oonsiderMi  the 
of  Captain  Clias  more  circumstantial,  perhaps,  than  was 
lutely  necessary,  yet  admitted  that  the  subject  was 
of  attention,  in  as  much  as  the  close  confinement  ineideiital  to 
the  pursuits  (as  well  as  dwellings)  of  men  who  live  ia  pepuioai 
cities,  joined  to  the  difficulty  of  finding  convenient  felds  lor  air 
and  exercise,  soon  tends  to  produce  an  indisposition  to  aetife 
-amusements.  The  inhabitants  of  London  took  great  pdas 
'to  correct  this  mischief^  two  centuries  ago,  by  especiaHy  pio- 
moting  all  such  games,  and  festivsis,  and  diversions,  as  w«f 
calculated  to  carry  their  youth  into  the  open  air,  and  te  indan 
habits  of  activity  and  bodily  vigour.  In  faet,  king  James  lbs 
First  was  himself  a  great  promoter  of  Gymnastics,  as  osay  bt 
amply  seen  in  Strutt's  Sports  and  Pastimes  of  the  People  of 
Bngland ;  but  then  came  Oliver  Cromwell  and  his  sonr-teei, 
canting  Puritans,  who  put  an  end  to  these  ratioeal  aasasa 
meats.  Let  that  pass,  and  torn  we  to  the  advantage  of  lbs 
course  whioh  Captain  Clias  has  established,  and  which,  too,  has 
been  fully  admitted  of  late  years  in  most  considerable  schools: 
where  lads  are  stimulated,  and  even  oonpelled,  to  ma,  loap» 
swim,  and  join  in  other  vigorous  and  manly  diversions ;  sai 
although  it  may  appear  at  first  that  these  are  matters  to  reaoin 
merely  encouragement  rather  than  instruction,  atiQ  any  tuig 
like  a  system  not  only  always  forms  the  best  kind  of  eaeoa* 
ragement,  but  produces  results  far  more  rapid  and  deeislfo 
than  any  desultory  attention  can  do.  Therefore,  though  wo 
do  not  go  the  full  length  of  Mr.  Clias's  scheme— such  as  to  per* 
oeive  the  convenience  of  teaching  ''  young  ladies"  to  swim,  or 

Suite  understand  what  persons  he  proposeii  shooid  beeosw 
leir  instructors— it  is  worth  considering  whether  the  emptoy- 
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log  pB.t  of  their  leisure  boors  in  the  practice  of  Taaltlaf,  ran- 
niDif,  jumpini;,  and  saoh  viicorAus  and  healthful  movements,  is 
not  likely  to  do  lads  from  fifteen  to  twenty  years  old  more  good 
than  breaking  lamps  in  the  street— ^ the  only  ^'gymnastio" 
exercise  at  present  in  repute)— or  making  nuisances  of  tbem- 
seUes  (more  than  need  must  be)  in  the  passages  of  minor  tbea* 
tres.  The  evolutions  suggested  seen,  without  exeeptioB,  to  be 
very  simple,  safe,  and  extremely  well  calculated  to  impffove 
the  various  muscular  actions  of  the  body,  particQlarHr  as  regards 
lads  who  are  intended  for  the  army  or  navy.  The  habit  of 
steady  firm  walking  is  of  itself  alone  an  important  acquirement ; 
running,  jumping,  and  wrestlinijp,  are  also  taught,  and  the 
dimbiog  of  ropes  and  poles.  Swimming,  as  regsffds  London, 
could  only  be  Uught  in  particular  plaees ;  but  one  of  Mr.  CHas's 
liints  on  the  subjeet— the  advantage  of  practising  constantly  in 
a  light  jacket  and  trowsers-^seems  not  only  to  be  very  just  as 
regards  the  dronmstance  under  which  men  are  generally  moat 

Cremptorily  called  upon  to  swim»  but  would  go  to  fadliute 
thing  in  many  situations  where  it  is  now  impossible.  On  the 
general  question,  there  can  be  but  one  opinion  as  to  the  ad- 
vantage of  using  all  exercise  which  tends  to  increase  or  develop 
the  powers  of  the  human  frame.  In  fact,  that  which  we  eall 
ooarage,  nineteen  times  in  twenty,  lies  merely  in  a  man's 
knowledge  of,  or  confidence  in,  his  own  faculties,  as  the  con- 
trmry  feeding  as  generally  arises  from  a  distrust  or  eonsdous- 
ness  of  the  want  of  them.  There  can  be  no  reason  but  this, 
why  one  man  should  feel  quite  at  home  with  a  sword  In  his 
band,  who  finds  great  discomfort  in  boxing :  or  another  fight  a 
bail  with  all  the  pleasure  la  the  world,  who  would  aotat  all 
like  to  meet  a  Thames-street  carman.  In  the  same  way,  it  is 
matter  of  common  observation,  the  readiness  with  wMeh  those 
classes  accustomed  to  violent  labour  always  eater  into  per- 
sonal conflict,  because,  in  point  of  fact,  thdr  daily  ooeupation 
is  a  description  of  conflict ;  and  so  again  we  have  oases  every 
day  of  prise-fighters  by  professioa,  whose  whole  **  fight"  lies  in 
a  confiaeace  in  their  own  strength  and  skill ;  and  who^fancy- 
ing  themselves  over-matched  in  the  least  point — are  notoriously 
not  men  of  resolution.  The  terms  of  these  teachers  of  **  gym- 
nastics" oorht  to  be  very  reasonable,  both  to  bring  thdr  ia- 
straction  within  the  reach  of  the  middle  orders,  and  because— 
boy«  being  taught  in  large  dasses,  which  wUI  be  the  best  mode 
of  teachiog  them— lessons  may  be  given  at  a  low  rate,  and  the 
master  still  well  remunerated.  For  the  praotiee  in  itself,  we 
are  deddedly  inclined  to  think  it  benefidal ;  and  we  are  glad 
to  see  the  Goverament  institutions  setting  the  example  of 
giving  it  their  support. 

GYMNETRII8,  a  genus  of  fishes,  of  the  order  of  tboradd, 
of  whinh  the  most  remarkable  spedes  is,  1.  Gymnetnis  aseanii, 
a  native  of  the  northern  seas,  which  precedes  or  accompanies 
the  shoals  of  herrings,  and  is  known  by  the  title  of  king  of  the 
herrings. 

GYMNOPiEDIA,  a  kind  of  dance  estabUshed  by  Lyeur- 
gas,  and  in  use  among  the  Lacedemonians.  It  was  performed 
during  their  sacrifices,  by  young  persons,  who  appeared  in  a 
state  of  nudity,  and,  while  dancing,  sung  a  hymn  In  honour  of 
Apollo. 

GYMNOPODIA.  Among  the  aocienU  this  was  a  spedes 
of  shoe,  which  discovered  the  naked  feet.  They  wera  much 
wora  by  the  Gredan  women,  who  were  very  fond  of  them. 

GYMNOSOPHISTS,  a  dass  of  Indian  philosophers,  of 
great  fame  in  periods  of  remote  antiquity.  They  wera  so 
dcooosinated  from  thdr  gdng  barefoot.  The  name  H  a  Greek 
compound,  ngnifying  a  sophist  who  goes  naked.  Among  thdr 
paeaiiarities,  it  is  said,  that,  on  becoming  old  and  infirm,  they 
threw  themselves  on  a  pile  of  burning  wood,  to  prevent  the 
■ii series  of  an  advanced  age.  Of  this  sect  was  Calamus,  who 
bamed  himself  in  the  presence  of  Alexander  the  Great 

GYMNUTU8,  or  Electrical  Bel,  is  the  name  of  aish 
which  possesses  in  itself  the  power  of  eleetridty,  eoaMnnaleat- 
ia^  it  with  great  eflfect  to  ail  oonductiog  bodies  that  come 
within  its  influence.  The  length  of  this  fish  is  from  three  to 
foar  Of  five  feet ;  the  head  is  short,  and  sprinkled  with  perfo* 
rated  dots ;  the  body  blackish,  with  a  number  of  small  arnia 
lar  beads  or  wrinkles;  nostrils  two  on  each  dde,  the  firat 
large,  tabular,  and  elevated ;  the  other  soMdl,  and  not  rained 


above  the  skin ;  the  teeth  small ;  tongue  broad ;  and  with  the 
palate  watenr. 

GYN.ECEUM.  Among  the  ancients,  this  was  the  apart- 
ment of  the  women,  in  the  interior  of  the  house,  where  they 
kept  themselves  retired  out  of  the  sight  of  the  men,  and  were 
emploved  in  spinning.  Under  the  Roman  emperors  there  was 
a  partieular  establishment  of  Gynmeea,  being  a  kind  of  manu- 
foolories  chiefly  under  the  management  of  women,  for  the 
making  of  clothes  and  ftiniituro  for  the  emperor's  household. 
In  imitation  of  these,  many  modera  manufactories,  partieulariy 
thosi  of  silk,  whera  a  number  of  feades  ara  associated,  are 
called  Gynseoea. 

GYN^OCOSMI,  Athenian  magistrates,  in  andent  times, 
whose  business  it  was  to  regulate  the  apparel  of  women, 
according  to  the  rales  of  modesty  aad  decency. 

GYNiECOCRACY,  a  form  of  goverament,  in  which  females 
ara  eligible  to  the  saprame  command.  This  mode  of  govern- 
ment is  applicable  to  England  and  Spdn,but  the  French  exult 
that  their  monarahy  is  not  gynsDCoeratic. 

GYPSIES,  a  wandering  race  of  people,  agunst  whom  there 
ara  severd  statutes,  by  which  they  are  treated  as  rogues  and 
vagabonds. 

GYPSINB  Stoni,  a  name  given  by  some  writers  to  the 
gypsum  or  fossil  substanee,  of  which  the  powder  called  pUuter 
tf  p0ri$9  is  made  by  calcination.  In  manv  parts  of  Arabia 
there  ara  vast  rocks  of  this  stone.  It  resembles  dabastcr,  but 
is  softer,  and  mora  lax  in  texture. 

OYPSINUlf  Mbtallum.  In  the  naturd  history  of  the 
ancients,  this  was  a  niime  ased  for  the  common  lspt#  ipmi/cn>, 
of  which  they  freouently  made  windows,  as  we  do  of  glass. 
By  some  it  was  odied  Cypn'nam  metmiium^  because  often  found 
in  the  island  of  Cyprus. 

GYPSOCHI,  a  name  given  to  artists  who  work  in  plaster. 

GYPSUM,  Smipkmte  if  Lims.  Gypsum  has  probably  been 
formed  by  the  decomposition  of  Iron  pyrites,  which  supplied 
the  sulphuric  add  that  afterwards  united  with  the  subjacent 
lime.  As  a  coafirmation  of  this,  it  may  be  observed,  that  the 
marl  and  sand  over  gypsum,  in  many  parts  of  England,  con- 
tdn  a  large  quantitv  of  red  oxide  of  Iron.  Gypsum  is  distin- 
guished horn  lime  by  its  softness ;  it  does  not  effervesce  %Hth 
any  add,  bdng  already  saturated  with  the  sulphuric.  In  some 
instanoes  native  sulphur  is  found  Intermixed  %Hth  gypsum  ;  in 
these  cases,  probahl  v  the  sulphuric  add  has  been  decomposed 
by  the  prasence  of  animd  or  vegetable  matter  during  the 
deoompodtioa  of  pyrites.  Gypsum  has  been  occasionally  dis- 
covered in  primary  and  transitioB  aioantains:  it  belongs  more 
peculiariy  to  secondary  stratified  rocks,  but  may  be  formed  in 
dl  dtuatiouB  where  lime  and  sulphuric  add  exist  near  to  each 
other.  Though  gypsum  rardy  contains  shells,  iMMies  are  some- 
times found  in  it ;  hence  it  has  been  supposed,  that  sulphuric 
add  destroyed  the  traces  of  organisation  in  the  former,  which 
consist  of  lime  and  carbonic  acid,  but  acted  with  less  fbrce  on 
benes,  which  contdn  phosphoric  add. 

GYRATION,  CiNTSE  of,  inMechames.  When  any  system 
of  bodies  in  caused  to  revolve  round  a  centra,  hjf  the  action  of 
a  force  applied  at  a  given  distance,  which  remains  unchanged, 
there  will  exist  some  point,  in  which,  if  all  the  matter  be  col- 
lected, the  same  force  applied  at  the  same  distance  will  gene- 
rate the  same  angular  velocity  iu  the  same  time,  as  if  the 
bodies  were  disposed  at  their  respective  distaaces :  this  point 
is  called  tA#  rtnlre  «f*  Gyrmtiam. 

GYRFALCON,  in  Ordthology,  is  the  name  of  a  large  and 
fieree  species  of  falcon,  called  in  English  jerfdcon. 

GYRINUS,  Wmier  FUm,  a  genus  of  insects  of  the  order 
edeoptera.  The  insects  of  this  genus  are  found  on  the  surfhce 
of  watera,  on  which  they  ran,  and  describe  droles  with  a  great 
degree  of  swiftness ;  when  attempted  to  be  taken,  they  plunge 
to  the  bottom,  drawing  after  them  a  bubble  very  similar  to  n 
globule  of  quicksilver.  Eleven  spedes  have  been  described,  of 
which  G.  natator  ody  is  found  In  Europe. 

GYRO  VAGI,  a  naaie  given  to  a  trilM  of  vagabond  monks, 
who  leaving  thdr  aMMmsteries,  ander  pretenoe  of  piety,  wan- 
dered about  horn  one  religfoas  hoase  to  another.  The 
same  appellatioa  was  dso  given  to  priesU  who  left  their 
parishes. 
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XI  or  h,  the  eighth  letter  and  sixth  consonant  in  oar  alphabet ; 
though  some  grammarians  will  have  it  to  be  only  an  aspiration 
or  breathing,  pronounced  by  a  strong  expiration  of  the  breath 
between  the  lips,  closing,  as  it  were,  by  a  gentle  motion  of  the 
lower  jaw  to  the  upper,  and  the  tongue  nearly  approaching  the 
palate.  

H,  used  as  a  numeral,  denotes  200 ;  and  with  a  dash  over  it,  H, 
200,000. 

HABEAS  Corpus,  in  Law,  a  writ  of  various  uses,  and  of 
different  importance.    The  most  efficacious  kind  in  all  manner 
ofillegal  confinement,  is  thatof  Aa6ea«  corpus  ad  subjiciendumj 
which  is  the  subject's  writ  of  right,  in  cases  where  he  is 
aggrieved  by  illegal  imprisonment,  or  any  unwanantable  exer- 
cise of  power.    By  the  statute  of  31  Charles  II.  c.  2.  emphatically 
termed  the  habeas  act^  it  is  enacted,  That  on  complaint,  in 
writing,  by  or  on  behalf  of  any  person  committed  and  charged 
with  any  crime,  (unless  committed  for  felony  or  treason  ex- 
pressed in  the  warrant,  or  as  accessary,  or  on  suspicion  of 
being  accessary  before  the  fact  to  any  petit  treason  or  felony 
plainly  expressed  in  the  warrant,  or  unless  he  be  convicted  or 
charged  in  execution  by  legal  process,)  the  lord  chancellor,  or 
any  other  of  the  twelve. judges  in  vacation,  upon  viewing  a 
copy  of  the  warrant,  or  affidavit  that  the  ropy  is  denied,  shall 
(unless  the  party  have  neglected  for  two  terms  to  apply  to  any 
court  for  his  enlargement)  award  an  habeas  corpus  for  socn 
prisoner,  returnable  immediately  before  himself  or  any  other 
of  the  judges,  and  upon  return  made,  shall  discharge  the  party, 
if  bailable,  upon  giving  security  to  appear,  and  answer  to  the 
accusation  preferred  against  him,  in  the  proper  eonrt  of  judica- 
ture. That  such  writs  snail  be  indorsed,  as  granted  in  pursuance 
to  the  act,  and  signed  by  the  person  awarding  them.    That  the 
writ  shall  be  returned,  and  the  prisoner  brought  up  within  a 
iimited  time,  according  to  the  distance,  not  exceeding  in  any 
case  20  days.    That  the  officers  and  keepers  neglecting  to 
make  due  returns,  or  not  delivering  to  the  prisoner  or  his 
agent,  within  six  hours  after  demand,  a  copy  of  the  warrant  of 
commitment,  or  shifting  the  custody  of  a  prisoner  from  one  to 
another,  without  sufficient  reason  or  authority,  (specified  in  the 
act,)  shall,  for  the  first  offence,  forfeit  £100,  and  for  the  second 
ofl'ence  £200,  to  the  party  aggrieved,  and  be  disabled  to  hold  his 
office.    That  no  person,  once  delivered  by  habeas  corpus,  shall 
be  recommitted  for  the  same  offence,  on  penalty  of  £500. 
That  every  person  committing  treason  or  felony,  shall,  if  he 
require  it,  the  first  week  of  the  next  term,  or  tlie  first  day  of  the 
sessions  of  oyer  and  terminer,  be  indicted  in  that  term  or 
session,  or  else  be  admitted  to  bail,  unless  the  king's  witnesses 
cannot  be  produced  at  that  time ;  and  if  accjuitted,  or  if  not 
indicted  and  tried  in  the  second  term  or  session,  he  shall  be 
discharged  from  his  imprisonment  for  such  imputed  ofl'ence ; 
but  no  person,  after  the  assize  shall  open  for  the  county  in 
which  he  is  detained,  shall  be  removed  by  habeas  corpus  till 
after  the  assizes  are  ended,  but  shall  be  left  to  the  justice  of 
the  judges  of  assize.    That  any  such  prisoner  may  move  for 
and  obtain  his  habeas  corpus,  as  well  out  of  the  Chancery  or 
Exchequer,  as  out  of  the  King's  Bench  or  Common  Pleas ; 
and  the  lord  chancellor,  or  judges,  denying    the  same  on 
sight  of  the  warrant,  on  oath  that  the  same  is  refused,  shall 
forfeit  severally  to  the  party  aggrieved  the  sum  of  £500.   That 
this  writ  of  habeas  corpus  shall  run  into  the  counties  palatine, 
cinque  ports,  and  other  privileged  places,  and  the  islands  of 
Jersey,  Guernsey,  &c.    That  no  inhabitants  of  England  (ex- 
cept persons  contracting,  or  convicts  praying  to  be  transported, 
or  having  committed  some  capital  offence  in  the  place  to  which 
they  are  sent)  shall  be  sent  prisoners  to  Scotland,  Ireland, 
Jersey,  Guernsey,  or  any  place  beyond  the  seas. 

The  writ  of  habeas  corpus  issues  out  of  the  King's  Bench  or 
Common  Pleas,  not  only  in  term,  but  in  vacation,  bv  a  fiat 
from  the  chief  justice,  or  any  other  judge ;  and  runs  into  all 
parts  of  the  king's  dominions.  If  it  issues  in  vacation,  it  is 
usually  returnable  before  the  judge  himself  who  awarded  it, 


and  he  proceeds  by  himself  thereon,  unless  tke  term  sImmM 
intervene,  when  it  may  be  returned  in  court. 

To  obtain  this  writ,  application  must  be  made  to  tlie  oomt 
by  motion.  This  writ  may  also  be  obtained  to  remove  every 
unjust  restraint  on  personal  freedom  in  private  life,  tlioufh 
imposed  by  a  husband  or  a  father;  for  when  women  or 
infants  are  brought  up  by  habeas  corpus,  the  ooort  will  set 
them  free  from  an  unmerited  or  unreasonable  confinement,  and 
vrill  leave  them  at  liberty  to  choose  where  they  will  go. 

The  habeas  corpus  adfaciendum  et  recipiendum  tssaes  onlv  ia 
civil  cases,  and  lies  where  a  person  is  sued,  and  in  gaol,  ia 
some  inferior  jurisdiction,  and  is  willing  to  have  the  eaaie 
determined  in  some  superior  court ;  in  this  case  the  body  h  ts 
be  removed  by  habeas  corpus,  but  the  proceedings  must  be 
removed  by  certiorari. 

Habeas  corpus  ad  respondendum^  is  where  a  man  biffi  a 
cause  of  action  against  one  who  is  confined  by  the  proeesi  of 
some  inferior  court :  in  which  case,  that  writ  is  granted  to 
remove  Uie  prisoner  to  answer  this  new  action  in  the  eowt 
above. 

Habeas  corpus  ad  deliberandum  et  reeijnenduum^  is  a  writ 
which  lies  to  remove  a  person  to  the  proper  place  or  eontj 
where  he  committed  some  criminal  offence. 

Habeas  corpus  ad  satirfaciendum  lies  after  a  judgment,  wbeo 
the  party  wishes  to  bring  up  a  prisoner  to  ohargo  him  ia  exo* 
cution  in  the  inferior  court. 

Habeas  corpus  upon  a  cepi  lies  where  the  party  is  takes  is 
execution  in  the  court  below. 

Habeas  corpus  ad  testificandum  lies  to  remove  a  persoa  is 
confinement,  in  order  to  give  his  testimony  in  a  cause  de- 
pending. 

HABIT,  in  Philosophy,  an  aptitude  or  disposition  either  o( 
mind  or  body,  acc|uired  by  a  frequent  repetition  of  the  same  set 

HACKLE,  an  implement  used  in  dressing  flax. 

HiEMANTHUS,  in  Botany,  blood  flower. 

HiEMATOPUS,  the  Oyster  Catcher,  a  genus  of  birds  of  the 
order  grallae,  sixteen  inches  in  length,  and  abont  the  si»  oft 
crow,  is  to  be  met  with  on  almost  every  sea-shore.  The  gene' 
ral  food  of  these  birds  consists  of  shell-fish ;  they  foree  the 
limpet  from  the  rock,  and  on  perceiving  the  slightest  iq>CTtire 
of  its  shells  by  an  oyster,  they  insert  their  bills  in  it  with 
admirable  dexterity,  and  tear  the  tenant  from  his  mansioa, 

Hi£MATOXYLUM,  logwood. 

HAEMATITES,  blood.stone. 

HiEMORRH  AGE,  a  flux  of  blood  from  any  part  of  the  body. 

HiEMORRHAGY,  in  Medicine,  a  flux  of  blood. 

HAGIOGRAPHA,  (Aoios,  Holy,)  The  Jews  divide  the  OU 
Testament  into  three  parts.  1.  The  Law,  which  compishssdi 
the  five  books  of  Moses;  2.  The  Prophets;  and,  a.  Tlie  Writ- 
ings, termed  by  them  CetuMmy  and  by  the  Greeks  Hmgiefrafie, 
whence  the  word  has  been  introduced  into  the  English  langiap. 
The  CettAim  comprehended  the  books  of  Psalms,  Proverw, 
Job,  Daniel,  Ezra,  Nehemiah,  Chronicles,  Ruth,  LamentatioBS, 
Ecclesiastes,  and  Esther.  The  Hagiographa  were  distingvished 
from  the  prophecies  because  the  matter  contained  in  them  wai 
not  received  by  the  way  of  prophecy,  but  simply  hy  direelim 
of  the  Spirit. 

HAIL,  or  Hailstones,  in  Meteorology,  an  aqoeoas  eoiei«- 
tion  of  irregular  form,  descending  from  the  atmosphere  ifte 
frozen  rain,  a  scourge  that  devastates  and  even  annihilates  m 
an  hour  the  richest  crops.  Hailstones  are  seldom  spherical,  is 
their  sizo  adds  to  their  irregularity,  and  their  cavities  sad 
angles  indicate  successive  amalgamations.  As  hail  falls  mostly 
in  summer,  this  would  be  a  matter  of  surprise,  did  we  sot 
know  the  cause.  The  first  drops,  formed  in  the  high  regioss, 
by  the  influence  of  gpreater  cold,  are  almost  immediately  frosm. 
In  falling,  they  traverse  humid  layers,  whose  vapoors,  soddeaiy 
condensed  by  the  contact  of  a  frozen  body,  closter  roond  it  is 
concentric  coats,  and  form  a  mass,  increasing  with  the  intcfvtl 
passed. 
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HAILING,  the  tftlalalioB  or  aeooatiog  of  t  ship  at  a  dit- 
tancr,  Hbich  is  usually  performed  with  a  speaking  trumpet; 
the  first  ezpressioo  is  *hoa,  the  ship  ahoay/  to  which  she 
answers  *  holloa;*  then  follow  the  requisite  questions  and 
replies.  &c. 

HAIR,  slender  filaments  issuing  out  of  the  pores  of  the  skins 
of  animals,  and  serving  most  of  them  as  a  covering,  but  some 
animals  in  lieu  of  hair  are  covered  with  feathers,  wool,  and 
scales.  AH  hair  appears  round,  yet  the  microscope  disoo?ers 
square,  triao{;ular,  and  hexagonal  hairs.  And  though  hair 
usually  appears  on  the  external  surface  of  the  bodies  of  ani- 
mals, there  are  many  testimonies  corroborating  the  fact,  that, 
Ibe  tongue,  the  heart,  the  kidneys,  fitc.  hare  in  different  indi- 
^iduals  been  covered  with  hair. 

Human  hair  makes  a  very  considerable  article  in  commerce, 
especially  since  perukes  have  been  so  generally  used.  The 
hair  of  the  growth  of  the  northern  countries  is  valued  much 
Wf  end  that  of  the  more  southern  ones.  The  merit  of  good 
hair  oonxists  in  its  being  well  fed,  and  neither  too  coarse  nor 
too  slender.  Its  length  should  be  about  twenty-five  inches. 
Hair  is  bleached  on  the  grass  like  linen,  after  first  washing  it 
out  in  a  bleaching  water,  and  may  be  dyed  of  any  colour. 
When  it  does  not  curl  or  buckle  naturally,  it  is  brought  to  it 
bj  art,  first  boiling,  and  then  baking  it 

Hair  is  also  used  in  various  other  arts  and  manufactures  ; 
and  when  spread  and  left  to  putrify  on  corn  lands,  proves  good 
■lanure.  By  an  experiment  of  Berthollet's,  1 162  parts  of  hair 
yielded  carbonate  of  anmionia,  90 ;  water,  179 ;  oil,  288 ;  gasef, 
371 ;  coal,  324  paru. 

From  numerous  experiments,  M.  Vanqnelin  infers,  that 
Mack  hair  is  formed  of  nine  different  snbstanees,  namely, 
1.  An  animal  matter,  which  constitutes  the  greater  part.  2.  A 
white  concrete  oil  in  small  quantity.  3.  Another  oil  of  a  gray- 
ish green  colour,  more  abundant  than  the  former.  4.  Iron,  the 
state  of  which  in  the  hair  is  uncertain.  6.  A  few  particles  of 
•&ide  of  manganese.  6.  Phosphate  of  lime.  7.  Carbonate  of 
lime  in  very  small  quantity.  8.  Silex,  in  a  conspicuous  quan- 
tity. 9.  Ijastly,  a  considerable  quantity  of  sulphur.  The  same 
•x'periments  shew,  that  red  hair  differs  from  black  only  in  con- 
taining a  red  oil  instead  of  a  blackish  green  oil ;  and  that 
white  hair  differs  from  both  these  only  in  the  oil  being  nearly 
colourless,  and  in  containing  phosphate  of  magnesia,  which  is 
not  found  in  them. 

Hair  is  usually  distinguished  into  various  kinds :  the  stiffest 
nnd  strongest  is  called  bristles,  such  as  that  on  the  backs  of 
swine.  When  remarkably  soft  and  pliable,  it  is  denominated 
wool,  as  that  on  sheep,  and  the  finest  of  all  is  called  down. 

Hair,  or  Down  of  PUnts^  a  general  terip,  expressive  of  all 
the  hairy  and  glandular  appearances  on  the  surface  of  plants, 
to  which  they  are  supposed  by  naturalists  to  serve  the  double 
purpose  of  defensive  weapons  and  vessels  of  secretion. 

H  ur's  Breadth,  a  measure  of  length,  being  the  48th  part  of 

an  inch. 

HAKE,  in  Ichthyology,  the  English  natne  of  the  Gadus,  with 
two  fins  on  the  back,  and  the  under  iaw  longest.  It  grows 
above  two  feet  in  length,  but  is  the  slenderest  of  all  the  gadi. 
See  GADt'S,  the  Cod,  p.  346.^ 

HALBARD,  or  Halbert,  in  the  art  of  war,  a  welUknown 
weapon  carried  by  the  sergeants  of  foot,  is  a  sort  of  spear»  the 
ahalt  yf  which  is  about  six  feet  lung.  Its  head  is  armed  with 
m  steel  point,  edged  on  both  sides,  but  besides  this  sharp  point, 
wMeh  Is  in  a  line  with  the  shaft,  there  is  a  cross  piece  of  steel, 
flat  and  pointed  at  both  ends,  but  generally  i»ith  a  cutting-edge 
mt  «>ne  extremity,  and  a  bent  sharp  point  at  the  other,  so  that 
it  senres  equally  to  cut  down  or  push  withal. 

HALB,  in  the  sea  language,  signifies  pull. 

HALF  Mark,  a  noble,  or  six  shillings  and  eightpence. 

Halp  Moan,  in  Fortification,  an  outwork  composed  of  two 
faees,  forming  a  salient  angle,  whose  gorge  is  in  form  of  a  half- 
moon. 

HALP-PiRe«  a  defensive  weapon,  composed  of  an  iron 
spike,  fixed  on  an  ashen  staff ;  its  use  is  to  repel  the  assault 
of  boarders  in  a  manner  similar  to  the  defence  of  the  charged 
bayonet  among  infantry;  hence,  it  is  frequently  termed  a 
B^mrdm§'Piko ;  it  Ukes  the  epithet  of  half,  from  iU  having  a 
iB«eh  shorter  staff  than  the  whole  pike. 


HALIOTIS,  in  Natural  History,  the  ear-aheU.  Animal  a 
Umax ;  shell  univalve,  dilated,  ear-shaped,  with  a  longitudinal 
row  of  orifices  along  the  surface;  spire  lateral,  and  almost 
concealed.    There  are  nineteen  species. 

H  ALLEY,  Ed  MONO,  an  eminent  English  matheosatioaan  and 
astronomer,  was  born  in  London,  October  29,  1666 ;  to  whom 
the  sciences  are  much  indebted  for  many  important  improve  • 
meats  and  discoveries. 

HALL,  in  Architecture,  a  large  room  at  the  entrance  of  a 
fine  house  or  palace.  The  hall  is  properly  the  finest  as  well  as 
the  first  of  a  suite  of  apartments.  In  balls,  or  saloons, 
ministers  of  state  despatch  business,  give  audience,  &c.  The 
length  of  a  hall  should  be  at  least  twice  and  one*foorth  its 
breadth,  and  in  height  two-thirds  the  breadth. 

HALLIARDS,  the  ropes  or  tackles  usually  employed  to 
hoist  or  lower  any  sail  upon  its  respective  masts  or  stay,  exeept 
the  cross-jack  and  sprit-sail-yard,  nhich  are  always  flung;  but 
in  small  craft  the  sprit-sail-yard  has  halliards. 

HALO,  is  an  extensive  luminous  ring,  including  a  circular 
area,  in  the  centre  of  which  the  sun  or  moon  appears ;  whose 
light,  passing  through  an  intervening  cloud,  gives  rise  to  the 
phenomenon.  Those  about  the  moon  arc  most  common.  The 
following  enumeration  will  perhaps  be  more  acceptable  to  our 
readers  than  if  we  treated  of  lunar  haloes  only. 

Conma,  When  the  sun  or  moon  is  seen  through  a  thin 
cloud,  a  portion  of  the  cloud,  round  the  sun  or  moon,  appears 
lighter  than  the  rest ;  and  this  luminous  disc  is  called  a  corotuu 
They  are  of  various  sixes,  but  they  seldom  exceed  10*  in 
diameter :  they  aro  generally  faintly  coloured  at  their  edges. 
Frequently  when  a  halo  endroles  the  moon,  a  corona  sur- 
rounds it 

PorMelim,  or  mock  suns,  vary  considerably  in  general  appear- 
ance :  sometimes  the  sun  is  encircled  by  a  large  halo,  in  the 
circumference  of  which  the  mock  suns  usually  appear,  which 
have  often  small  haloes  round  them. 

The  paraselene,  the  parhelion,  and  the  several  kinds  of  kmU 
and  corona,  have  all  been  considered  as  resulting  from  the 
intervention  of  clouds  between  the  spectator  and  the  snn  or 
moon,  through  which  the  light  passes.  But  we  must  be  more 
philosophical.  It  is  well  known  that  the  immediate  effect  of 
the  different  refrangibility  of  light,  in  producing  colours,  is 
sometimes  spontaneously  exhibited  in  the  atmospherical  phe- 
nomena of  haloes,  parhelia,  and  paraselene  ;  the  edge  nearest 
the  luminary  being  generally  reddish,  and  the  remoter  parts 
green  and  blue,  without  any  well  marked  limitation  of  the 
different  tints.  These  appearances  must  therefore  be  referred 
to  the  refraction  of  the  prismatic  crystals  of  snow,  floating  in, 
and  descending  through  the  atmosphere,  in  all  possible,  but 
especially  vertical  or  horisontal  positions,  and  sometimes, 
perhaps,  from  their  connexion  with  other  crystals,  making 
angles  of  00*  with  these  positions. 

At  Danlzic,  in  IGGO,  Hovelius  saw  two  fine  parasclenv :  the 
first,  March  30.    At  about  one  o'clock  in  the  morning,  the  moon 

A   was   sorroonded 
by  an  entire  whitish 
circle,  BCDE,  4fi^ 
in  diameter,  in  which 
were     two      mock- 
moons  at  BI>,  one 
at  each  side  ot  the 
moon,     of     \  arious 
colours,   and    cmiw 
ting     long     whitish 
beams.    The  tail  of 
that  on  the  left,  ex- 
tended  towards  the 
thigh     of     Serpei^ 
tarins;   of  that   on 
the    right,    towards 
Jupiter    %.     After- 
wards, at  two  o'clock,  a  larger  circle,  of  90*  diameter,  sur- 
rounded the  less  one,  and  reached  to  the  horiaon.    The  tops 
of  both  these  circles  wero  touched  by  coloured  arches,  resem- 
bling inverted  rainbows.    The  interior  arch  at  C  was  a  por- 
I  tion  of  n  larger  circle  of  ttO*;  and  the  superior  F  a  portion  of  a 
*  lesser,  of  4y.    This  estr«ordiMTy  apponianoe  contt—ed  Qmm 
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houn ;  Hie  oatward  great  circle  Tsnished  BrsI ;  then  the  luT^m 
ioTerted  krch  at  C,  soon  nflerwards  the  lesser;  and,  i«it  of 
■II,  tbt  iiuier  circle  B  C  D  B. 

The  scoond  wm  seen  on  December  17,  and  on  the  6rst  day 
after  the  fall  moon,  nt  SO*  past  six  in  the  morning,  the  moon 
being  I2>  high,  she  appeared  with  three  mock-iuooni  about 
her.  The  air  being  ler;  clear,  the  moon  first  appeared,  «or- 
Toanded  with  a  double  corona,  near  her  body,  tiDged  with 
very  bright  and  beautiful  colours.  On  each  aide  were  two 
arches,  of  a  circle 
aboat  Vf  diameter, 
extendiog  down  to 
the  horiion,  and 
colon  red  like  the 
rainbow ;  in  which 
were  I  wo  moek- 
moona,  with  long 
white  taib :  that  on 
the  left  was  near 
Proeyon,  with  a 
shorter  tail ;  the 
other  was  longer.  In 
the  Dpper  part,  where  these  collateral  arches  concarred,  was 
another  arch,  interted,  and  Tarioasly  coloured;  in  the  middle, 
of  which  was  a  third  roook-noon,  duller  than  the  others. 
Terj  extraordinary  part  of  this  appearance  wai  a  large,  white, 
rectangular  cross,  ihroogb  the  moon's  disk,  whose  lower  part 
reacheid  down  to  the  horicoo,  but  on  each  side  did  not  quite 
tooeh  the  corona.  It  whs  bo  very  bright  and  strong,  that  it 
shone  distinctly  and  clearly  till  sun-rise;  bat  the  mock-moons 
disappeared  a  little  before. 

During  the  time  that  the  Hecia  and  Griper  were  frosen  op 
in  the  North  Polar  ocean,  seieral  inieresiing  meteorological 

Ehenomena  were  witnessed.  At  ten  a.  h.  Jan.  1st,  1830,  a 
alo,  whose  radius  was  23*  Stf,  with  three  paraielente,  which 
were  very  Inminoos,  but  not  tinged  with  the  prismatic  colours, 
was  seen  about  the  moon;  and  on  the  following  day  the  same 
phenomenon  occurred,  with 
the  addition  of  a  lertieal 
stripe  of  while  light  proceed- 
ing from  the  upper  and  lower 

limba  of  the  moon,  and  form-  q)  CZ'i^ 

ing,  with  a  part  of  the  hori-  " 

contal  circle  seen  before,  the 
appearance  of  a  cross,  as 
■hewn  in  the  accompanyiog  diagram. 

There  was  also  at  times  an  arc  of  another  circle  touching 
the  halo,  which  sometimes  reached  almost  to  the  Ecnilh,  and 
changed  the  intensity  of  its  light  tery  freqnently,  not  unlike 
the  aurora  borealis. 

On  the  4th  of  March  also,  at  half-past  eleven  a.  h.  b  halo 
appeared  round  the  sun,  at  the  distance  of  22*  17'  from  it,  con- 
siitiog  of  4  circle  nearly  complete,  and  strongly  prismatic. 
Three  parhelia  or  mock- 
suns  wore  distinctly  seen 
spon  this  circle  ;  the  Srst 
being  directly  over  the 
son,  and  one  on  each  side 
of  it,  and  iU  own  altitude, 
a«  fa  the  preceding  dia- 
gram. The  prismatic  tinU 
were  mnoh  more  brilliant 
in  the  parhelia  than  in  any 
other  part  of  the  circle; 
but  red,  yflllow,  and  blue, 
were  the  eolouri  which 
could  be  traced,  the  first 
of  these  being  invariably 
next  the  ann,  in  all  the  phenomena  of  this  kind  that  came 
under  obserratlon.  From  the  snn  itself  several  pencils  of 
rays  of  while  light,  eontinuous  hut  not  very  brilliant,  extended 
J"  ™loos  directions  beyond  the  halo,  and  these  raya  werr 
brighter  after  tbey  had  passed  through  the  circle,  than  they 
were  in  the  part  within  it  This  phenomenon  coniinned  nearly 
m'w*?"^'  ^"  ■nroni  borealis  was  seen  faintly  near  the 
IfSW  hotimm,  for  three  or  fou  houn  before  midnight. 


\^ 


On  the  8lh  of  the  same  month,  from  ten  to  eleven  i.  m.,  a 
halo  and  three  parhelia  appeared  about  the  ann,  in  ettaj 
respect  similar  to  those  seen  and  described  on  the  4th.  AboM 
one  o'clock  r.  u,,  there  being  a  fresh  breeae  from  the  nort^ 
ward,  with  some  snow-drift,  the  parhelia  re-appeared,  beu« 
much  more  bright  and  prismatic  than  to  the  forenoon,  aaS 
accompanied  by  the  nsual  halo,  which  was  nearly  oOfa|rfela,' 
and  whose  radius  was  measured  S3>  90f.  The  parhelia  a,  m, 
in  the  foregoing  figure,  oneach  side  of  the  sun,  were  nt  timcw 
so  bright  as  to  he  painful  to  the  eye  in  looking  steadfastly  al 
tbem.    When  they  were  brightest,  the  light  was  nearly  wUte. 

HAMMER,  a  well-known  tool  used  by  mecbanica,  of  vU^ 
there  are  various  sorts,  hut  they  all  consist  of  an  iron  he^ 
fixed  crosswise  to  a  handle  of  wood.  Among  blftcka^O^ 
there  are  the  hand-hammer,  the  opband  aledge,  the  atM 
sledge,  which  is  swung  over  bead  with  both  »inis,  Ilc 

H%MM£R,A  Powerful  Foroe.  This  hammer  ia  intadet 
to  be  wrought  by  one  or  more  men,  as  occasion  reqairca.  It  ii 
well  adapted  to  the  forging  of  bricklayers' trowels,  loondiagif 
ships'  bolts,  beating  gold  or  tinfoil,  planishing  brass,  copptt,«r, 
in  short,  for  any  work  in  which  a  large  hammer  is  retailed 
Dpon  a  simple  principle.  The  weight  of  the  hammer  ii 
seventy  pounds,  yet  one  man  will  work  it  with  the  greatest  eaw 
and  accuracy,  and  it  performs  the  work  of  two  or  three  ma. 
The  steel  forged  with  it  is  kept  in  excellent  temper ;  for  Mit 
does  not  require  to  be  so  often  heated  as  in  the  common  way 
of  working,  it  preserves  a  high  degree  of  elasticity  and  fam- 

This  forge  hammer  ia  represented  in  the  following  engrari^ 

Fig.  1 ,  A,  a  block  of  oak,  in  which  the  hammer  acta. 

B,  the  wheel  or  nave,  in  which  the  hammer-faandle  C  it 
fixed  ;  also  the  chains  which  give  motion  to  the  banuaer  by  At 
quadrant  D. 

EB,  are  the  two  levers  which  work  the  quadrant  D. 

FF,  are  the  two  pedals  on  nhich  the  man  who  worts  tta 
machine  treads  alternately,  holding  the  levers  EE  in  his  haadi. 
When  he  treads  on  the  right  pedal  F,  he  lift^  the  hand-kMts 
EE,  which  motion  raises  the  hammer  C  ;  when  he  trefds  oatke 
left  pedal,  he  presses  on  the  same  levers,  which  motiM  Ids 
fall  the  hammer. 


0,  is  a  rack  which  movei  perpendiculariy,  by  the  aetienrf* 
strong  wooden  spring  H,  placed  in  a  trough  underneath  As 
centre  of  the  machine ;  the  rack  is  kept  close  to  the  qaadfut 
K,  by  B  bridge  a  containing  a  small  friction  roller. 

1,  an  additional  steel  spring,  fastened  to  the  ceiling  overOs 
roaohiue,  in  order  to  assist  the  wooden  spring  H,  when  b«H 
hands  are  at  wort. 

K,  is  the  quadrant  contained  in  the  centre  of  the  oak  VoA 
A,  under  the  nave  B,  which  assists  i^  raising  or  depressing  >ht 
hammer,  by  the  alternate  actions  of  the  pedals  FF. 

L,  is  a  lever  filed  on  the  axis  or  the  quadrant  K,  which,  ■> 
the  time  it  depresses  the  rack  G,  palls  upon  the  haaunM* 
handle  C,  by  the  chain  M,  which  addi  to  tlie  power  of  the  Uh. 
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N  O.  are  Che  two  side  leTeri,  to  be  worked  by  two  men,  when 
more  puwcr  is  required. 

P  P,  are  other  two  pedals,  on  which  a  roan  treads  alter- 
nately, to  f^ive  motion  to  the  hammer,  havin((  an  upright  rod  or 
rhain  to  carh  pedal ;  one  rod  is  connected  from  the  ri;;ht  pedal 
P,  to  the  lever  O,  which  raises  the  hammer ;  the  other  rod, 
from  the  left  pedal  P,  is  connected  to  the  handle  of  the  ham- 
mer C  ;  when  the  man  treads  upon  the  left  pedal  P,  he  acts 
opon  the  hammer  C,  and,  by  lifting  the  lever  O  with  both 
hands  at  the  same  time,  adds  double  power  to  the  blow. 

Q,  is  a  wooden  sprinfc  or  stop,  which  prevents  the  hammer 
from  risinf;  too  high,  and  accelerates  the  fall. 

R.  is  a  bridle,  which  supports  the  wooden  spring  Q. 

S  S,  are  two  iron  standards,  with  holes  in  each,  to  raise  or 
depress  the  said  spring. 

T,  is  a  wooden  standard,  to  support  one  end  of  the  wooden 
spring  Q. 

V,  is  a  tempered  steel  spring  standard,  to  snpport  the  ham- 
mer while  out  of  action  ;  it  also  gives  ease  to  the  springs,  and 
prevents  the  heat  of  the  anvil  from  softening  the  face  of  the 
hammer. 

U,  is  a  solid  block  of  oak,  on  which  the  anvil  stands. 

W,  the  anvil,  with  a  hollow  dove-tail  on  the  top,  for  the 
reception  of  different  faces,  as  the  various  kinds  of  work  may 
require. 

X,  a  steel  fare,  dove-tailed  in  the  anvil. 

Y,  a  strel  spring,  which  lies  beneath  the  hammer-handle,  but 
only  touches  it  when  the  hammer  falls ;  this  spring,  when  the 
heated  metal  is  laid  upon  the  anvil,  and  in  a  soft  state,  pre- 
vents the  hammer  from  falling  upon  it  with  its  full  force.  It 
icives  a  recoil  to  the  hammer,  and  permits  the  workman  to 
modify  or  shorten  the  stroke  of  the  hammer  with  quickness, 
ease,  and  regularity. 

Z,  a  weight  hung  on  the  arm  of  the  quadrant  K,  in  order  to 
coonteracl  the  power  of  the  hammer  occasionally,  when  light 
work  is  to  be  forged.  The  hammer  head  with  the  face  let 
into  it  may  be  taken  out  and  changed,  to  suit  different  kinds  of 
work. 

H4MM0CK,  a  piece  of  hempen  cloth,  six  feet  long  and 
three  feet  wide,  gathered  together  at  the  two  ends  by  means  of 
a  cine,  and  hung  horizontally  under  the  deck,  forming  a  recep- 
tacle for  a  bed.  There  are  usually  from  fourteen  to  twenty 
inches  in  breadth  allowed  between  decks  for  every  hammock 
in  a  ship  of  war;  this  space,  however,  must,  in  some  measure, 
depend  on  the  number  of  the  crew,  &c.  in  proportion  to  the 
room  of  the  vessel.  In  preparing  for  battle,  the  hammocks, 
tofpetber  with  their  contents,  are  all  firmly  corded,  taken  upon 
deck,  and  fixed  in  various  nettings,  so  as  to  form  a  barricade 
against  small  shot.    See  the  article  Engagement. 

II ANAPER,  an  ofice  in  Chancery,  under  the  direction  of  a 
master,  whose  deputy  and  clerks  answer,  in  some  measure,  to 
the  /?«€«/ among  the  Romans.  The  clerk  of  the  hanaper  receives 
«ll  fines  due  to  the  king  for  seals  of  charters,  patent.n,  conimis- 
aions.  and  writ.t.  He  attends  also  the  keeper  of  the  seal  daily, 
in  term,  and  at  all  times  of  sealing,  and  takes  into  his  custody 
mil  sealed  charters,  patents,  See. 

HANCHES,  in  Architecture,  are  intermediate  parts  of 
arebei  between  the  crown  and  the  spring  at  the  bottom,  being 

C»bably  about  one-third  of  the  arrh,  and  placed  nearer  the 
ttom  than  the  top.    Ilanehes  are  likewise  called  spmndrelU. 

II  AND,  a  measure  of  four  inches,  or  of  the  clenched  fist.  In 
Paintiog  and  Sculpture,  it  signifies  also  the  st}le  of  the  artist. 
"^Hmndi  ure  borne  in  coats  of  armour,  right  and  left, 
expanded  or  open ;  and  a  bloody  hanil  in  the  centre  of  an 
«ieiiteheon,  is  the  badge  of  a  baronet  of  (treat  Hritain. 

Handsrf.4T)TH.  a  measure  of  three  inches. 

Hani>  Cvffn,  an  instruiiirnt  formed  of  two  circular  pieces  of 
iron,  each  fixed  on  a  hinge  on  the  ends  of  a  very  short  iron  har, 
^hich  beinie  looked  over  the  wrists  of  a  malefactor,  prevents 
liif  usinr  hi«  hands. 

HANDMILLS,  are  commonly  used  for  some  culinary  pur- 
poses, as  the  grinding  of  coffee,  pepper,  and  the  like.  Some- 
times handmills  of  larger  size  are  used  to  grind  malt,  wheat, 
4tc  and  in  surh  cases  the  hand  is  generally  applied  to  a  a  inch 
Ikaadle ;  bat  the  effort  of  a  man  may  be  applied  to  a  lever  mov- 
Wf  to  and  fro  horizontally,  nearly  as  in  the  action  of  rowing ; 


and  this  is  a  very  advantageous  method  of  applying  human 
strength,  the  effort  being  greatly  assisted  by  the  heaviness  of 
the  man  in  leaning  back:  we  shall  therefore  give  a  brief  de- 
scription of  this  kind  of  mill,  Hhich  is  represented  in  the  follow, 
ing  figure.  The  vertical  shaft  E  G  carries  a  toothed  a  heel  C, 
and  a  solid  wheel  F  ;  the  latter  being  intended  to  operate  as  a 
regulating  fly.  Upon  the  crank  A  B  hangs  one  end  of  an  iron 
bar  1,  the  other  end  of  nhich  hangs  upon  the  lever  II  K  ;  the 
motion  being  pretty  free  at  both  ends  of  this  bar  I.    One  end 


of  the  lever  H  K  hangs  upon  the  fixed  hook  K,  about  ahich  as 
a  centre  of  motion  it  turns.  Then,  while  a  man.  by  pulling  at 
the  lever  II  K,  mo^cs  the  extremity  II  from  11  to  N,  the  bar  I 
acting  upon  tlie  crank  A  li,  gives  to  the  \k  heels  C  and  F  half 
a  rotation  ;  and  the  momentum  the}-  have  acquired  a  ill  carry 
them  UM,  the  man  at  the  le^er  suffering  it  to  turn  back  from  N 
to  II,  while  the  other  half  of  the  rotation  of  the  wheels  is  com- 
pleted. In  like  manner  another  sufficient  pull  at  the  lever 
H  K  gives  another  rotation  to  the  wheel  C,  and  so  on,  at  plea- 
sure. The  wheel  C  turns  by  its  teeth  the  trundle  D,  thespmdie 
of  which  carries  the  upper  millstone. 

In  this  mill,  the  nearer  the  end  of  the  bar  I  upon  the  lever 
HKis  to  the  6xed  hook  K,  the  easier,  ra-terit  ftarilms,  will 
the  man  work  <lie  mill.  If  the  number  of  teeth  in  the  ^  heel  C 
be  six  tiroes  the  number  of  cogs  in  the  trundle  l>,  then  the 
labourer,  by  luaking  1()  pulls  at  the  lever  II  in  a  minute,  will 
give  (iO  revolutions  tu  the  upper  millstone  in  the  same  space  of 
time. 

HAND  Railino.  Iland-rniling  is  the  art  of  forming  hand- 
rails by  moulds  according  tti  geometrical  rules.  The  principles 
upon  which  this  art  depends,  are  that  of  cutting  a  right  prism 
through  any  three  siven  points  in  space,  and  that  of  forming  a 
development  of  any  portion  of  the  surface  of  the  prism. 

In  order  to  illustrate  this,  let  the  interior  surface  of  the  sur- 
rounding wall  he  that  uf  an  entire  cylinder,  and  let  the  breadth 
of  the  steps  he  divided  into  the  frustums  of  equal  and  similnr 
sectors,  and  let  the  heights  be  all  equal,  as  is  universally  the 
caie  ;  then,  if  an  intcritjr  e>lindric  surface  lie  erected  concen- 
tric nilh  the  wall,  and  the  ends  of  the  steps  or  surfaces  on 
ahich  wc  tread,  and  the  planes  of  the  risers  tending  to  the  axis 
be  supposed  to  meet  the  interior  c}lindric  surface,  it  is  evident 
that  if  the  portion  of  the  intercepted  surface  contained  beti»ren 
the  indented  line  formed  by  the  ends  of  the  steps,  and  the  rir- 
cumferent  line  at  the  base,  be  developed  or  stretched  out,  all 
the  points  of  the  indented  line  formed  by  the  outward  or  salient 
un);les.  mill  be  in  the  same  straight  line,  and  all  the  points 
formed  by  the  inward  or  reentrant  angles  will  be  in  another 
straight  fine.  It  is  also  evident,  that  this  will  not  onl>  be  tho 
case  with  cylinders,  hut  with  eylindroids.  and  every  ether 
description  of  prism;  that  is,  the  poinUofthe  developaieat 
of  the  indented  line  will  aiwayi  have  such  a  position,  that  t«% 
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liraight  lines  parallel  to  eacb  other  may  be  drawn  through  the 
whole  number  of  points. 

The  points  of  eoneoarse  of  the  salient  angles  are  called  the 
nosings  of  the  steps. 

The  line  drawn  through  all  the  nosings  of  the  steps,  is 
called  the  line  of  the  nosings. 

Now  let  the  portion  of  the  cylinder  before  uncovered,  be 
again  enveloped,  the  development  in  this  state  becomes  an 
envelope,  and  the  line  of  nosings  becomes  an  uniform  helix, 
which  would  be  the  form  of  the  rail  for  such  a  stair. 

In  this  case  it  would  be  easy  to  execute  the  rail  to  any  length 
we  please,  in  equal  portions  succeeding  each  other ;  for  as  the 
curvature  of  the  helical  line  is  every  where  the  same,  the  same 
moulds  which  are  used  in  the  formation  of  one  piece,  would 
serve  for  every  succeeding  piece. 

The  steps  placed  around  the  circular  part  are  termed  wind- 
ers ;  in  these  the  risers  tend  to  the  axis  of  the  cylinder. 

Steps  which  have  their  treads  the  same  breadth,  are  termed 
flyers ;  in  these  the  risers  are  all  parallel. 

Very  few  staircases  are  however  entirely  circular,  but  those 
of  the  semi-circular  form,  with  winders  in  the  semi-circle,  and 
flyers  below  and  above,  are  very  numerous ;  in  such  the  line  of 
nosings  would  be  crooked,  and  would  form  an  angle  at 
the  junction  of  the  flyers  and  the  winders,  and  that 
round  the  semi-circle  would  be  a  helix,  consisting  of  half  a 
revolution. 

In  the  development  of  the  steps,  the  line  of  nosings  would 
consist  of  three  straight  lines,  the  two  straight  lines  through 
the  nosings  of  the  flyers  would  be  parallel  to  each  other,  and 
each  extremity  of  the  middle  one  would  join  one  extremity  of 
each  of  the  other  two ;  the  angles  are  commonly  taken  away  by 
introducing  a  curve  in  their  places. 

A  hand-rail,  however,  is  not  a  mere  helical  line,  but  a  solid, 
which  may  be  contained  between  two  concentric  cylindric  sur- 
faces, or  concentric  prismatic  surfaces.  The  principles  are 
the  same,  whatever  be  the  form  of  the  plan.  A  solid  erected 
upon  any  plan,  is  called  a  prism ;  a  cylinder  is  therefore  a 
round  prism,  and  a  cylindroid  an  elliptic  prism.  A  hand-rail 
may  stand  upon  a  circular  base,  or  partly  circular  and  partly 
straight,  or  upon  an  entire  elliptic  base.  In  the  construction 
of  hand-rails,  all  prisms  are  excluded  which  consist  of  plain 
snrfaces,  or,  which  is  the  same  thing,  where  the  sides  of  the 
plan  consist  entirely  of  straight  lines,  as  in  such  cases,  the  rails 
themselves  are  either  straight,  or  partly  curved  and  partly 
straight  from  the  top  and  lower  sides  only,  the  sides  being  in 
vertical  planes. 

We  shall  therefore  conflne  ourselves  to  prisms  that  stand 
upon  a  circular  base,  or  upon  an  elliptic  base,  or  upon  a  base 
that  is  partly  circular  and  partly  straight,  or,  lastly,  upon  a 
base  that  is  partly  elliptical  and  partly  straight.  These  two 
last  may  be  said  to  have  compounded  bases  or  plans,  and  the 
former  two  simple  bases  or  plans ;  let  us  call  such  a  prism  a 
curved  prism. 

The  plan  of  any  curved  prism  is  understood  to  be  of  the 
same  breadth,  and  consequently  the  solid  erected  thereon  will 
be  every  where  of  the  same  thickness.  The  prism  may  there- 
fore be  a  hollow  cylinder,  or  a  hollow  cylindroid,  or  a  concave 
body  partly  cylindric  and  partly  straight ;  the  latter  may  be 
open  on  one  side,  and  may  have  the  four  planes  which  join  the 
curved  surfaces  parallel  to  each  other,  and  tangent  to  each  of 
the  cylindric  surfaces. 

Let  us  therefore  suppose  such  a  prism  as  that  last  mentioned, 
and  let  us  suppose  it  to  be  cut  entirely  through  its  vertical 
surfaces,  in  sucli  a  manner  that  any  point  in  the  surface  of 
division  may  coincide  with  a  straight  line  every  where  perpen- 
dicular to  the  external  pri.tmatic  surface,  then,  every  such  line 
will  be  parallel  to  the  plane  of  its  base,  and  those  Unes  in  the 
cylindrical  part  of  the  prism  will  tend  to  the  axis.  Now  it  is 
evident,  that  the  cut  or  dividing  surface  will  not  be  a  plane, 
but  will  wind  or  twist  between  the  cylindric  surfaces.  It  is 
also  evident,  that  the  cut  may  pass  through  a  line  drawn  in  any 
manner  we  please,  in  one  of  the  prismatic  surfaces ;  or,  that 
the  development  of  this  line  may  have  any  degree  of  curvature 
in  the  whole  length,  or  in  any  portion  of  tiie  length,  or  may 
even  be  a  straight  line.  One  of  those  being  supposed  to  be 
the  case,  let  the  upper  part  of  the  prism  be  taken  away,  then 


the  upper  surface  of  its  remaining  part  will  be  brought  to  view; 
let  a  line  be  drawn  on  the  exterior  sarface,  parallel  to  tbt 
arris,  and  another  on  the  concave  fide,  parallel  to  its  arris - 
and  let  another  cut  or  dividing  surface  be  made  to  paii 
through  the  two  lines  thus  drawn,  and  let  the  apper  pail  be 
removed  by  this  division,  then  the  part  thus  removed  will  Uxm 
a  solid  helix  or  kind  of  half  screw,  which  m^y  be  either  a^ 
form  in  its  upper  and  lower  surfaces,  or  have  any  degree  if 
curvature  in  any  part  that  may  be  required,  according  to  Ikt 
development  before  mentioned.  This  is  the  form  of  the  lai 
for  such  a  stair,  but  to  form  the  solid  helix,  without  cattiof  it, 
from  a  hollow  curved  prism,  is  the  thing  required  to  be  osm 
in  hand-railing. 

Now,  seeing  that  two  of  its  sides  are  actually  cylindrical^ 
and  would  be  vertical  if  placed  in  position ;  and  that  the  otkr 
two  winding  surfaces  may  be  formed  to  any  developmeot  «e 
please;  let  us  therefore  take  any  determinate  portion  of  Iks 
helical  solid,  as  a  quarter  of  a  revolution,  or  perhaps  sometUig 
more,  as  occasion  may  require,  and  endeavour  to  form  ledia 
portion  or  wreath  out  of  a  thin  plank,  instead  of  cattiiyit 
from  a  solid  curved  prism.  Before  this  can  be  done,  k  is 
necessary  to  understand  the  principle  of  cutting  a  prism  tkoagh 
any  three  fixed  points  in  space,  by  a  plane  passing  tkrai^ 
these  points ;  the  points  may  be  in  the  surface  of  the  prim 
itself,  and  may  be  either  all  in  the  concave  side,  or  all  m  Iks 
convex  side  ;  or  partly  in  the  concave  side,  and  partly  in  the 
convex  side : — That  such  a  supposition  is  possible  will  readily 
appear,  since  any  three  points  are  always  in  the  same  plam; 
and,  therefore,  the  plane  may  cut  the  prism  through  aay  tine 
given  points. 

The  three  points  through  which  the  section  Is  eut,  are  aid 
to  be  given,  when  the  seats  are  given  on  the  plane  of  the  hma 
of  the  prism,  which  plane  is  understood  to  be  at  right  angki 
to  the  axis  of  the  prism,  and  when  the  distaoce  or  heights  frai 
the  seats  to  the  points  themselves  are  given. 

It  is  always  to  be  understood,  that  the  three  seats  are  aota 
a  straight  line,  and  consequently  the  three  points  thenseliM 
not  in  a  straight  line. 

The  seat  of  a  point  in  space  on  any  plane,  is  thatpoiatii 
the  plane,  where  a  perpendicular  drawn  through  the  poiat  is 
space,  cuts  the  plane- 

This  being  established,  we  shall  proceed  to  shew  the  hot 
means  of  applying  these  principles  to  hand-raiiing. 

In  the  helical  solid,  the  winding  surface  connecting  the  twt 
prismatic  surfaces,  was  defined  to  be  of  such  a  property,  as  H 
coincide  with  a  straight  line  perpendicular  to  the  exterior  pris- 
matic surface,  and  consequently,  if  the  axis  of  the  cariti 
prism  be  perpendicular  to  the  horizon,  every  such  line  willk 
parallel  to  the  base ;  now,  let  the  seats  of  three  such  lincf  k 
given  on  the  plan,  viz*  let  each  extreme  boundary  be  one.  lad 
let  another  be  taken  in  the  convex  side,  passing  through  lbs 
point  which  would  give  the  middle  of  the  development  of  tk 
said  side  of  ihe  plan  ;  the  three  seats  would  be  termiDated  hj 
the  convex  and  concave  sides  of  the  plan,  and  will  always  be 
pespendicular  to  the  convex  side,  and  equal  in  length  tocacb 
other.  Let  us  call  the  three  level  lines,  of  which  their  leili 
are  given,  the  lines  of  support ;  let  a  plane  be  laid  on  the  thief 
lines  of  support,  the  plane  will  either  rest  upon  three  poiits 
or  upon  one  of  the  said  lines  and  two  points ;  it  is  etideit 
that  the  points  which  come  in  contact  with  the  plane,  will  be 
at  one  extremity  of  each  line  of  support;  let  each  of  these 
points  which  come  in  contact  with  the  plane  thus  posited,  be 
called  a  resting  point.  The  three  resting  points  are  the  three 
points  in  space,  through  which  the  plane  is  supposed  to  past, 
that  cuts  the  curved  prism. 

Now,  because  that  each  line  of  support  has  two  extreouties, 
there  will  be  six  extreme  points  in  all,  but  as  only  three  caabe 
resting  points,  unless  the  plane  coincides  with  one  of  the  tiaes 
of  support,  it  will  be  proper  to  shew,  which  three  of  the  six 
are  the  resting  points. .  Let  the  plane,  thus  laid  upon  soae 
three  extremities  of  the  lines  of  support,  be  continued  to  inter- 
sect the  base  of  the  curved  prism,  then  the  nearest  extremitf 
of  the  seat  of  any  line  of  support  to  the  intersecting  line,  it 
the  seat  of  the  resting  point  of  that  line. 

For  this  purpose  let  a  development  of  the  coovez  side  of 
the  rail  be  made  according  to  the  plan  and  lise  of  the  attpfr. 
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The  part  of  this  development  that  i a  niado  tn  bend  round  the 
convex  or  concave  cylindric  surface  of  the  hcliral  portion  or 
wreath,  is  called  a  fallinfr  mould,  which  is  supposed  to  be 
brought  to  an  equal  breadth  throuKhuut  its  length.  Only  one 
falling  mould  is  used  in  the  coustruction  of  hand*raiU.  Let, 
therefkire,  the  falling  mould  for  the  convex  side  be  constructed, 
and  let  two  straight  lines  be  drawn  from  the  ends  of  the  upper 
edge  of  that  part  of  the  falling  mould  corresponding  to  the 
ends  of  the  wreath,  perpendicular  to  the  base  of  the  whole 
develiipmcnt ;  also,  let  another  intermediate  line  be  drawn 
parallel  to  the  other  two,  so  as  to  bisect  the  part  of  the  base 
intercepted  bv  the  said  two  parallels:  the  three  parallels  will 
thus  gi\e  the  heights  of  the  three  resting  points,  the  shortest 
height  is  at  une  extreme,  and  the  longest  at  the  other.  Su|i- 
pose  now,  the  shortest  of  thi'sc  three  heights  taken  from  each  of 
the  three,  uud  the  remainders  taken  at  heights,  instead  of  the 
whole,  then  thr  height  of  the  first  renting  point  will  be  nothing, 
and  will  thi-fffoic  coincide  with  its  scat;  then,  if  the  middle 
hright  be  less  ill  an  half  the  length  of  the  remaining  height,  the 
seats  of  the  resting  points  will  be  the  first  and  second  extre- 
mities of  the  first  and  second  lines  of  support  taken  on  the 
convex  side,  and  the  extremity  of  the  third  on  the  concave 
side.  The  first  resting  point  is  a  point  in  the  intersection  of 
the  plane  of  the  base  witli  the  inclined  plane. 

The  process  is  now  completely  reduced  to  that  of  finding 
the  section  of  a  prism  through  three  given  points,  which 
aappose  to  bo  done,  and  the  plane  of  section  will  touch  the 
supposed  wreath,  at  the  resting  points  of  each  line  of  support, 
without  cutting  the  wreath  of  any  sach  ]iue--thcn,  the  three 
lines  of  support  will  be  on  the  same  side  of  the  plane,  viz.  on 
the  under  side.  Let  us  suppose  now,  another  section  taken 
below,  and  parnllel  to  the  former  so  that  the  wreath  may  be 
ju4t  containe'l  between  these  parallel  sections,  or  planes;  the 
distance  between  the  two  sections  will  represent  the  thickness 
of  tlie  plank. 

The  section  of  the  prism  through  its  vertical  surfaces,  is 
called  the  rake,  or  the  rake  of  the  plan :  and  a  mould  being 
cut  to  the  rake,  is  called  the  face  mould. 

The  above  are  the  general  principles;  the  particulars  will  be 
best  understood  by  the  explaniitiuns  which  accompany  the 
diagrams  in  the  Plate,  ami  thu  follouing  wood  engra\inKs. 

Let  fig.  I.  No.  I.  i»  the  Plate,  be  the  plan  of  a  geometrical 
stair,  with  ei^ht  wiiidtis  in  the  semi-circle,  and  flyers  above 
and  below;  the  first  or  Iuxut  strps  beint;  denoted  bv  the 
scroll  «  ;  let  1/  Ipmr  be  ihf  plan  ol  the  part  of  the  niil  that  is 
to  be  formed  in  two  wieaths;  u:id  y/  and  mr  .straight  parts; 
in  order  for  the  bettt  r  securing  of  the  wreaths  to  tiie  straight 
parts  opposite  tlie  Il>ers. 

Lrt  tig.  1,  No.  'J,  be  the  development  of  twelve  steps,  in- 
cluding that  of  ei^ht  winders,  two  lliers  below  and  two  above  : 
D  U  being  the  base,  ami  HC  the  height.  In  the  base  I)  U. 
No.  2.  LPM  is  the  dciclopmrnt  of /pm.  No.  1,  and  LI). 
M  B.  the  breadths  of  two  steps  correspundiug  to  the  plan-  In 
the  height  U  <\  N  t )  is  the  hi  i;:ht  of  the  winderN,  and  N  H,  i)  C. 
each  the  height  of  two  steps  answciing  to  tlie  llyrrs  »|  rarh 
cod.  llEFC,  is  the  line  of  nosings;  the  parts  1>  E,  rt\of 
the  flyers,  being  parallel  to  e.ieh  otlur.  and  joined  by  the  part 
E  F,  the  dev«'lopment  nf  the  winders;  (i  U  II,  and  ISK  ;ire 
rar\es  unged  by  tiie  straight  lines  £  D,  KF,  and  F  K,  F(\  nt 
the  points  i>,  H.  I,  K,  or  rounded  ofl,  a«  shewn  at  No.  3.  on  a 
longer  scale,  so  as  to  form  an  agiceablc  cur\cd  line  without 
angles. 

The  line  G  R  II I  S  K  may  be  called  thr  line  of  the  rail,  being 
of  the  same  form  as  the  line  bisecting  the  breadth  of  the  deve- 
lopment of  the  rail,  for  the  one  nia>  be  sup|Mi.scd  tn  be  every 
where  of  thr  s:inie  height  from  that  of  the  other,  and  therefore, 
the  line  if  K  11 1  S  K.  may  be  concei\ed  to  be  the  development 
of  the  rail. 

No.  li  shews  the  manner  of  drawinj;  the  tanged  curves 
G  R  II.  and  I  S  K  :  No.  *J  the  upper  one  I  S  k,  being  tiie  same 
as  the  lower  one  G  R  II.  but  in\ cried. 

No.  2  Aheas  more  lines  than  are  wanted  in  practice,  in  order 
to  shew  the  connexion  l»etwecu  the  development  of  thr  steps, 
and  the  drvelopment  of  the  line  of  the  rail.  But,  as  the  de%e- 
lopment  of  the  line  of  the  rail  is  all  that  is  wanted,  make  ah, 
~  u  4,  equal  Co  the  height  of  the  winders,  draw  me  and  dh,  at 
46. 


right  angles  each  with  ab;  make  m e  and  bfcnch  equal  to  the 
de\elopnient  of  I p  or  f»m.  No.  I ;  make  ec,  and/f/,  the  brradth 
of  a  step;  draw  ry  and  (/A  parallel  tn  ah;  make  cpunildk 
each  equal  to  the  height  of  a  step;  join  fp/k  and  i  /';  make 
eh  equal  Xoep,  and  /'i  equal  to /A,  and  draw  ihe  tan^i-d  eurve<« 
yrk  and  isk  as  before;  then  prhi§k,  will  be  the  line  of  the 
rail,  as  in  No.  2;  for  «/wil}  be  obtained,  equal  to  KF.  No.  2; 
and  tig  will  be  the  section  of  a  flyer  at  tl>e  lower  end.  and/«/A 
the  section  of  a  flyer  at  the  upper  end.  The  breadth  ot*  the 
falling  mould,  in  common  cases,  is  about  two  inches,  therefore, 
^wo  lines  being  drawn  parallel  to  the  line  of  the  rail,  each  at  an 
inch  distance  from  it,  gives  the  complete  falling  mould  fur  both 
wreaths.  The  two  parts  of  the  falling  mould,  as  divided  by 
a  A,  are  equal  and  similar  to  each  other,  and  would  therefore 
coincide  if  applied  together. 

Let  fig.  2,  No.  I,  be  an  enlarged  plan  of  the  rail,  of  double 
dimensions  to  No.  1,  fig.  1,  in  order  that  the  moulds  ma>  bi- 
more  exactly  obtained,  and  the  ennstruotion  more  clearly  Mccn. 
Let  A  B  C  I)  E  F  G,  fig.  2,  No.  .1.  be  the  plan  of  the  part  of  the 
wreath  to  be  formed.  A  G  being  the  seat  of  the  line  uf  support 
at  the  lowest  part,  and  I>E  that  at  the  highest  part:  then  A  \% 
the  seat  of  the  resting  point  of  the  lowe»t  end.  and  E  that  at 
the  highest  end.  Take  tlie  point  C,  between  A  and  U,  so  that 
C,  in  the  development  of  the  line  A  B  Cl>,  may  divide  the  said 
development  into  two  equal  parts. 

I^t  A  II  C  1>,  fig.  2,  No.  2,  be  the  development  of  the  curve 
ABC  1>,  No.  a  ;  the  parU  A  B.  B  C,  Cl>,  being  tin*  rrspiciivr 
developments  of  A  B,  BC,  C  D,  No. :}.  In  No.  2.  diaw  l>K 
perpendicular  to  D  B :  and  make  D  K  equal  to  ihe  height  of 
eight  steps  ;  draw  K  S  parallel  and  equal  to  D  B :  join  li  .S  ; 
produce  k  S  to  T,  and  D  B  to  V ;  make  S  T  and  B  V  each 
equal  to  the  breadth  of  a  step;  draw  T  U  and  V  W  parallel  to 
I)  K  ;  make  T  V  and  V  W  equal  to  the  height  of  a  step;  join 
W  B,  B  S,  S  I  :  then  AV  B  S  U  is  the  line  of  nii>ing9.  The 
whole  is  completed  as  in  No.  3,  fi?.  I.  Draw  A  \  paiallrl  to 
K  l>,  cutting  the  njipcr  side  of  the  falling  mould  at  \  ;  draw  \  / 
parallel  to  A  I) ;  produce  K  iMo  /,  and  let  K  1>  cut  the  lop  of 
the  rail  at  I;  through  (■  draw  YJ,  parallel  ti>  l>k,  cutting 
the  lop  of  the  rail  at  J,  and  \  Z  at  Y ;  then  \  J  and  / 1.  re- 
specti\clv.  arc  the  height  of  the  resting  points,  who^e  seats 
are  C  ainl  K,  No.  :i.  In  No.  2.  draw  J  K  p:irallil  t:i  B  ll, 
cutting  I)  K  at  R.  In  No.  :).  join  the  scats  E  and  (-  of  the 
resting  pdlnts,  and  prmlnce  EC  to  L.  In  J  R.  No.  2.  find  the 
pt.int  t^  li\  making  R(>  equal  to  EC,  No.  :i ;  join  I  O.  and 
prodnrr  It)  to  nicct  \  /  at  Q.  In  No.  :i,  make  I!  1.  npial 
tii/it^.  No.  2,  and  join  AL;  through  G  draw  Ilk.  |iripr'|. 
dicular  to  A  L.  and  prnthiee  LA  to  II  :  through  1:  (ii.iu  Jii 
parallel  to  L  H,  cutting  II  k  at  I ;  make  1 1  ei|ual  to  /  I.  No.  2. 
and  join  II  i,  and  produce  II  i  to  A.  To  find  any  point  in  tLr 
curve  of  the  section,  take  any  point  M  in  the  boundary  of  the 
plan,  and  draw  .M^i  parallel  to  E  i,  cutting  II  i  at  />  and  II  I  at 
P:  draw  p<N  ,it  right  angles  to  II  i.  and  make  ;im  ei|UHl  to 
P  M.  and  M  is  a  point  in  the  boundary  of  the  rake.  In  like 
manner,  let  M  P  cut  the  concave  side  of  the  plan  at  N  ;  in 
pm  take  pu  equal  to  P  N,  and  n  is  a  point  in  the  concave 
side.  \  suflicient  nunibrr  of  points  being  thus  found,  draw 
a  mi.\('d  line,  ahcttrftj,  through  the  whole,  and  ahcHrfg 
is  the  figure  of  thr  rakr.  For  greater  accuracy  and  despatch, 
it  will  be  m-cessary  to  find  a  point  in  the  rake  eorres|>onding 
to  theextrtmity  of  c%ery  straight  line  in  the  plan,  as  shewn  by 
small  letters  ot  the  same  names  as  the  capitals  on  thr  plan. 
The  part  A  B  F  G  biing  a  pnrallrlogram  on  the  plan  ;  thr  cor- 
responding part  ahfp,  on  the  section,  is  also  a  pnralleloicram ; 
ill  this  case  it  will  be  only  necessary  to  find  the  points  a./;,/. 
Join  a  If  and  yfi  draw  a  l  parallel  to  y/.  and/A  parallel  to  pa, 
and  the  point  6  ^ives  the  commencement  of  the  cmivex  curve 
bed,  and  the  point/that  of  the  eoneave  curve.  It  remains  to 
be  shewn  that  II  L,  No.  3,  is  the  intersection  of  the  plane  on 
whieh  the  section  of  the  prism  is  formed;  for  the  point  A  is 
not  only  the  scat  of  the  lowest  resting  point,  but  the  resting 
point  itself.  A  is  therefore  the  point  in  the  intersection  of  the 
cutting  plane.  In  No.  2,  draw  t)  a  parallel  to  K  Z.  cutting 
BZ  at  A  ;  conceive  the  triangle  I  gZ  to  be  removed  to  No.  3. 
so  that  Ihe  point  Z  may  be  upon  E  :  and  becsnsc  R  O  A  Z  is  a 
parallelogram,  a  Z  is  equal  to  R  O,  and  K  O  is  equal  to  E  C 
by  construction  -,  therefore  the  point  A  will  tall  upon  C :  awl 
5  T 
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by  oonstnietion,  the  point  Q  will  fall  upon  L.  Conceive  tbe 
triangle,  with  its  base,  thus  coincident-  with  L  E,  to  be  raised 
'perpendicularly  to  the  plan ;  I  will  be  tbe  resting  point  over  E, 
and  O  the  resting  point  ov^r  C ;  therefore  the  points  I  and  E 
will  be  in  the  plane  of  section,  and  consequenUy  be  the 
straight  line  I O  Q ;  but  the  point  Q,  now  supposed  to  be  coin- 
cident with  L,  is  common  to  the  plane  of  the  base ;  and  the 
plane  of  section,  Q,  is  therefore  a  point  in  the  intersection  of 
the  cutting  plane  and  the  base.  The  point  A  has  likewise 
been  shewn  to  be  a  point  in  the  intersection;  therefore  the 
straight  line  H  L,  passing  through  the  points  A  and  L,  is  the 
intersection  of  the  cutting  plane  with  the  plane  of  the  base. 
The  point  L,  No.  3,  will  be  obtained  also  by  a  fourth  propor- 
tional tol  R,  I  Z,  R  O,  or  Z  a.  No.  1,  setting  it  from  £  to  L. 

A  mould  being  cut  to  the  form  of  the  section,  as  here  obtained, 
is  called  by  workmen,  the/ac«  mofuld,  which  we  shall  suppose 
now  to  be  made. 

To  find  the  Thickness  of  the  Plank,  out  of  which  the  Wreath  is 
to  be  cut. — Let  ZI,  No.  2,  cut  the  under  edge  of  the  falling 
mould  at  f ,  transfer  Z  t  upon  K  k.  No.  3,  from  K  to  ^ ;  then 
the  nearest  distance  between  the  point  d  and  the  straight  line 
H  k.  is  the  thickness  of  the  stuff  at  the  upper  joint. 

The  wreath,  when  formed  into  two  prismatic  surfaces,  and 
into  two  winding  surfaces,  is  said  to  be  squared.  This  forma- 
tion is  all  that  is  required  from  geometrical  principles.  Then, 
supposing  the  wreath  set  in  its  proper  position,  every  section 
made  by  a  vertical  plane,  perpendicular  to  the  convex  side  of 
the  plan,  will  be  a  quadrilateral  with  its  two  vertical  sides 
parallel,  and  at  right  angles  to  the  upper  side,  and  at  oblique 
angles  to  the  lower  side.  This  arises  from  the  top  being  so 
formed  as  to  coincide  in  every  part  with  the  line  perpendicular 
to  the  prismatic  surface  as  defined,  and  the  lower  winding  sur- 
face by  gauging  upon  each  cylindrical  surface  from  the  top* 

To  draw  the  Rake  on  the  Slides  of  the  Plank,  in  order  to  plumb 
the  two  Sides  of  the  Wreath.—Lei  A  B  C  D.  fig.  3,  No.  1,  be  a 
development  of  three  sides  of  plank ;  let  A  E,  H  D,  be  the  top ; 
£  F,  6  H,  tbe  edge ;  in  breadth  equal  to  the  thickness  of  the 
stuff  obtained  from  No.  3,  and  F  B,  C  6,  the  under  sides ;  let 
the  lines  E  H  and  F  G  be  parallel  to  k  H,  fig.  2,  No.  3,  in  order 
to  be  more  easily  comprehended,  (as  otherwise,  it  is  not  neces- 
sary ;)  let  abed  ef  on  the  top  of  the  plank,  be  tbe  rake  formed 
by  the  face-mould,  tbe  point  g  being  in  the  line  H  E,  and  the 
line  g  e,  making  the  same  angle  with  g  £  as  the  line  g  e,  fig.  2, 
No.  3,  makes  with  g  k,  draw  g  K,  making  the  angle  H  ^r  K  equal 
to  the  angle  H  A  K,  or  H 1 1,  or  H  p  P,  fig.  2,  No.  3,  cutting  the 
arris,  fig.  3,  No.  1,  6  F,  at  K,  then  the  same  mould  being  drawn 
on  the  under  side,  with  the  point  g  at  K,  and  the  chord  eg 
making  the  same  angle  with  KF,  that  6^,  on  the  upper  side, 
makes  with  g  E,  or  the  distance  of  the  point  e  from  6  F,  on  the 
lower  side,  equal  to  the  distance  of  the  point  e  from  HE,  on 
the  upper  side.  Let  us  now  suppose  lines  drawn  in  the  above 
manner  upon  the  three  corresponding  surfaces  of  the  plank  to 
that  of  the  figure,  and  let  the  plank  be  cut  out  with  a  bow  saw. 
In  the  act  of  cutting,  the  kerf  must  be  kept  close  to  the  corre. 
sponding  lines  of  each  rake,  and  the  line  of  the  teeth  of  the  saw 
parallel  to  o  K,  and  when  the  piece  of  the  wreath  is  entirely 
divested  of  the  superfluous  wood,  the  sides  thus  formed  will  be 
plumbed. 

To  draw  the  Rake  upon  tke  Plank  in  every  Position  to  the 
adjoining  arris  of  the  Edge,— Lei  fig.  3,  No.  2,  be  a  development 
of  the  plank  as  before,  the  same  letters  referring  to  the  same 
parts.  ^  Let  abed  ef  g  be  the  rake  drawn  by  the  face-mould, 
the  point  g  being  in  the  arris  H  E,  and  the  chord  g  e  forming 
any  given  angle  with  the  arris  H  E,  less  than  that  formed  in 
No.  I,  fig.  3,  by  the  chord  g  e,  and  the  arris  H  E ;  find  g  as  before 
from  No.  3.  In  No.  3,  draw  g  I,  making  the  same  angle  with 
tlie  pitch  line  gh,VAg  e  makes  with  g  £,  in  fig.  3,  No.  2,  draw 
g  L  perpendicular  to  H  E,  cutting  the  lower  arris  6  F  in  L ; 
make  the  angle  KL(7  equal  to  the  angle  eg\,  fig.  2,  No.  3; 
make  Lg  equal  to  L  K ;  through  g  draw  M  N,  parallel  to  6  F ; 
then  drawing  the  rake  npon  the  lower  side  by  the  edge  of  the 
mould,  so  that  the  angle  ey  N,  on  the  said  lower  side,  may  be 
equal  to  the  corresponding  angle  «^E  on  the  upper  side;  the 
two  sides  of  the  piece  that  is  to  form  the  wreath  may  be  plumbed 
as  before,  so  as  to  correspond  with  the  plan  when  set  to  its 
patitioD. 


If  it  is  required  to  draw  the  rake  with  each  extremity  of  the 
ooftoave  side  of  the  mould  in  the  arris  of  the  plank  as  in  fig.  3, 
No.  3,  it  is  only  making  the  angle  K  Lg  equal  to  the  angle 
egk,  fig.  2,  No.  3 ;  the  rest  is  drawn,  and  the  plamb  side  is 
formed  in  the  same  manner  as  No.  1  and  No.  2,  6g.  3,  which 
suppose  to  be  done,  bend  the  corresponding  part  of  the  falling 
mould,  fk%.  2,  No.  2,  round  the  convex  side  of  the  piece  for  tbe 
wreath  ;  bring  the  points  X  and  J  to  the  plane  at  tbe  top,  and 
draw  the  line  of  support  at  the  upper  extremity  upon  the  ead 
of  the  wreath ;  now,  bring  the  opper  end  of  the  failing  mouM 
close  to  the  extremity  of  the  line  of  support,  and  draw  a  line 
by  the  upper  edge  of  the  falling  mould;  cot  away  the  super- 
fluous wood  in  the  manner  before  described,  and  this  will  form 
the  back  or  top  of  the  rail ;  then  gauge  the  two  Tertical  sar- 
faces  to  the  same  breadth,  and  cut  the  superfluous  wood  awiy 
from  the  under  side;  this  portion  of  the  rail  will  then  b« 
squared.  The  wreath  for  the  other  portion  above,  is  idesti- 
cally  of  the  same  form  ;  therefore,  if  two  pieces  are  prepared 
by  Uie  same  moulds  and  levels,  then  supposing  one  of  these 
wreathed  pieces  to  be  set  in  its  position  for  tbe  lower  part,  asd 
let  the  upper  part  be  set  in  the  same  position,  and  then 
inverted,  so  that  the  top  and  bottom  ends,  and  the  upper  tad 
lower  winding  surfaces,  will  have  changed  places,  but  esA  of 
the  vertical  surfaces  kept  still  upon  the  same  side ;  let  the 
lower  end  of  the  higher  piece  be  brought  to  contact  with  the 
higher  end  of  the  lower  piece,  that  the  two  planes  may  eoixieide 
and  form  a  joint ;  the  helical  solid  for  half  a  revolution  wiU  be 
formed  out  of  a  straight  plank,  as  required  to  be  done. 

The  two  wreathed  portions  of  a  hand-rail  are  not  ahrajs 
alike,  as  in  tbe  preceding  example ;  this  may  happen  in  dile- 
rent  ways,  as  from  one  quarter  of  the  semicircular  part  bciig 
divided  into  winders,  and  the  other  undivided,  or,  from  the 
rail  being  placed  higher  upon  the  winders  than  over  the  ilyen; 
but  in  whatever  way  the  variation  takes  place,  tbe  spplintioa 
of  the  principle  is  the  same ;  it  only  requires  moulds  la  be 
constructed  for  every  such  variation,  or  separate  part. 

The  intricacy  of  the  diagrams  constructed  upon  the  iavei- 
tor's  former  principles,  prevented  their  being  generally  aadef- 
stood,  and  very  few  could  practise  with  success.  Bat  the 
principles  here  laid  down,  are  so  invariable  in  their  resoll,  ss 
simple  and  expeditious  in  their  application,  and  so  easily  to  be 
comprehended,  even  by  a  moderate  capacity,  that  they  caaaot 
fail  of  being  introduced  into  general  use.  They  unite  the  reqii^ 
site  properties  of  saving  labour  and  stoflf,  the  workman  cos* 
structs  his  moulds  with  ease,  and  has  less  superfluous  wood  Ms 
remove.  The  ed$ce  of  the  plank  is  kept  square,  which  entirely 
supersedes  the  bevelling,  and  is  even  in  this  point  attended 
with  a  considerable  saving  of  stuff  and  time,  as  it  allows  siA- 
cient  wood  at  the  ends  to  make  the  heading  joints,  and  as  the 
piece  which  is  cot  out  of  the  rail  piece  from  the  hollow  side^ 
may  be  turned  into  use ;  but  if  the  edge  of  the  plank  weit 
bevelled,  it  would  require  to  be  much  longer,  in  order  to  foni 
the  heading  joints,  and  the  piece  cut  out  would  be  too  tiiliai 
to  be  employed  to  any  purpose. 

In  addition  to  the  advantages  already  enumerated,  the  woffc- 
man  will  be  encouraged  by  the  cleatness  of  the  different  sfe^ 
of  the  process,  which  cannot  fail  of  fully  satisfying  his  mind  ai 
to  the  final  result. 

It  is  likewise  a  great  accommodation,  that  any  rail  whatever 
may  be  cut  out  of  the  same  thickness  of  plank,  and  that  the 
mould  may  be  applied  in  any  direction  wnieh  the  worluna 
pleases  to  the  surface,  in  order  to  save  wood  or  match  the  fihiet 
at  the  joint. 

The  art  of  forming  hand-rails  round  circular  or  elliptic  weB- 
holes,  without  the  use  of  a  cylinder,  is  entirely  new. 

Price,  the  author  of  the  <*  British  Carpenter,"  is  the  first 
person  who  seems  to  have  had  any  idea  of  this  art ;  the  sobie- 
quent  writers  following  his  schemes,  which  were  very  ancertafa 
in  their  application,  have  added  nothing  to  the  subject,  bat 
have  even  thrown  it  into  greater  obscurity. 

The  first*  successful  method  of  squaring  tbe  irreath  or  twt^ 
was  invented  and  published  in  the  "  Carpenter's  Guide^"  in 
1792 ;  and  certainly  was  the  first  wherein  the  process  was  lab- 
jected  to  any  thing  like  geometrical  principles,  from  which  the 
result  was  attended  with  success.  In  the  *'  Carpenter's  Gtadt," 
(generally  caUed  simply  **  The  Guide,")  the  formatioa  of  the 
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|U«-m(Mld  wu  refnUtad  bj  tk»  falHiitr  sonld  or  tlw  de*e- 
lapBwnt  of  iho  rmil.  imI  by  trw  riie  KDd  tread  of  Ibe  itepi ,  *• 
•Imwb  by  Price  Bad  hji  followcTS.  When  tlw  back  or  npper 
Mifaoe  of  tbe  rail  bad  ■  oooilderahle  conoaiily,  ■•  in  ilic  mm 
«f  Janctioa  atSytn  and  wliH]era,UM  coaMqaeiiee of  Ihia  n^- 
lation  io  many  cmci,  id  tbe  ronnation  of  tbe  rail,  was  the  ta* iof 
of  aeireD  or  cifcbt  in<-het  io  th«  thickneii  of  ttatC;  and  tbus, 
while  the  method  laid  down  by  Price  required  a  plaok  fron 
■ix  to  dine  or  ten  tncbe*  in  tbickneM,  aocordiDf  to  tbe  deipve 
of  concaTity ;  Ibat  la  "  ti*  Guidt"  leldom  required  a  plank 
otare  tbaa  (bree  incbea  thick,  exceptisg  in  (aall  «ell>holea  of 
Ibree  or  four  incbei  In  diameter. 

From  the  Jireat  thioknett  of  itnlf  to  eat  tbroajch,  and  tbe 
qnantily  to  be  tiiken  away,  Ihe  time  required  to  fnrm  tbe  piece 
of  wood  into  a  wreath  b;  Price'i  method,  most  haTe  been  at 
leait  double  to  that  in  "  tli*  Guide,"  aad  proportionally  more 
ao.  ai  tbe  tbickneM  of  ihc  plank  required  by  Price,  «a*  [realer 
Ifaan  that  in  ■'  the  Guidt." 

But  tboufch  cooiiderable  adTantaKes  were  tbna  obtained  in 
the  iBTlDgt  of  ituff  and  laliour.  it  mnit  be  ohaerved,  that  an 
e<e<railQn  of  the  inppcxed  lerllcal  ends  of  the  twiated  piece  at 
««cb  joint,  and  a  Tertical  aection  of  Ibe  laid  piece,  were 
onploycd  to  obtain  tbe  inclination  of  the  plane  of  (be  face  of  tbe 
■ould,  or  that  of  the  facei  of  tbe  plank  ;  thia  inclination  waa 
«aly  correct  when  the  planea  of  tbe  faeea  of  the  plank  were  at 
riRbl  aniclci  wiih  tbe  chord  plane,  or  that  paaainic  IhronKh  tbe 
chord  of  tbe  plan  of  tbe  wreath ;  but  when  inclined  to  the  chord 
plaae,  required  thicker  atuff.  in  proportion  to  the  dcfreo  of 
oUiqnity.  wbeiher  more  acute  or  more  obtuie. 

The  method  xhewn  In  "  iheGmdt,"  was  also  the  first  attempt 
to  sprioK  Ibe  plnnk,  that  is.  to  make  its  plnne  rest  npon  three 
puis  of  the  rail ;  and  though  tbe  utmost  defcrce  of  perfection 
was  not  attained,  it  ha*  been  of  great  use  to  workmen,  aa  all 
the  hand-rails  ofsiairs  in  and  about  London, and  in  moat  parts 
of  Bnilanil,  have  been  executed  upon  its  principles  for  upwards 
of  thirty  jeais. 

To  obtain  Hill  greater  eorrcctneis.  the  Inventor  tried  another 
method,  by  aeliinic  up  three  heifcbis,  supposed  to  be  on  the 
sarface  of  a  corTeU  priam,  in  the  middle  of  the  rail ;  but  thta. 
IboBKh  alill  nearer  than  that  published  in  "  li*  Guide"  did  not 
give  him  entire  satisfaction  :  for  the  rexlinir  points  lieini;  in  Ihc 
Middle  of  the  rail,  tbe  plane  of  aection  which  formed  tbe  face- 
■loold  did  not  clear  all  tbe  three  sections  withoat  cutting  into 
Jke  solid  of  tbe  wreath. 

Id  the  pursuit  of  truth,  he  waa  led  to  conitder  what  wnald 
be  Ihe  real  resline  points.  It  readily  appeared.  Ibat  a  levrl 
line  drawn  towards  ihe  axis  of  the  Wcll-hDle,<miKbl  be  made 
lo  coincide  in  every  part  with  the  top  of  the  rait;  thai  if  the 
plane  of  the  top  of  the  plank  be  supposed  to  be  placed  on  three 
Tortjcal  sections  of  the  supposed  rail  in  contact  with  a  point  in 
each,  or  coincident  with  the  whole  line  of  lopporl  of  one  of  the 
•cetioas,  and  with  a  point  In  each  of  the  orner  two  \  and  the 
sorface  of  tbe  plank  thus  inclined  be  supposed  to  be  prolonfied, 
to  tcIrrsFCt  the  horizontal  plane  of  the  base,  the  Intersection 
would  always  point  out  tbe  restinic  pofnta,  and  shew  their  true 
B«ats  npon  the  plan.  From  this  consideration,  it  was  evident 
tbai  the  resiinic  point  of  each  section,  and  eaiise({aently  each 
■rat.  waa  that  extremity  of  each  section  next  to  Ibe  intersecting 
line  of  the  plane  of  Ihe  plnnk  and  that  of  the  plan. 

This  theory  beinf;  applied  to  practice,  has  given  (he  utmost 
satiafacllon,  both  in  the  aavlni  of  staff  and  time ;  the  diagram 
far  Ibe  face-mould  is  completely  divested  of  all  cross  and 
oblique  lines,  sad  is,  perhaps,  in  the  moat  simple  form  to  which 
it  can  possibly  be  reduced  ;  Ihe  plaoe  of  section  comes  la  con- 
tact with  tbe  tops  of  three  vertical  sections  of  tbe  rail  In  every 
ease  wbalrver,  and  thus  every  desideratum  is  obtained  by  the 
■osr  simple  means. 

ThereroTp,  In  practice,  if  we  snppose  the  section  of  Ihe  rail 
M  be  two  and  a  quarter  inches  horiaontally  in  hreaHlh,  and  Iwo 
iDcbes  in  thickness  (as  is  (irneralFy  the  case,)  a  plsnk  of  two 
■Md  a  half  inches  thick  iifti  be  sufficient  for  a  rail,  willi  any 
decree  of  concavity  or  convexity  on  tbe  back. 

We  shall  now  proceed  to  the  lllastraiion  of  the  subject  by 
tfce  CRores  which  represent  Ihe  solids  themselves: — 

Fir-  I.  ia  a  plaa  of  (he  cylinder,  with  Ibe  elevatiog  oT  lb« 
htliaal  Ubo,  whiab  U  foond  by  dhidlof  tb«  beigbt  iato  e^ml 


parts,  and  lb«  eireonferesee  oTIba  baae  into  eqnat  parti  also, 
tbea  drawing  tbe  lliwa  ibroagh  tb«  points  of  division,  as  in  the 
Bgare. 
Fig.  3,  a  Tepreaentadon  of  Ibe  foUd  helix  twisliog  nmitd  tbe 

Slinder,  making  a  con- 
lued  rail  npon  a  clrcu-  ^'f-^-  -^y' 

larplan;  thecurvatnicof  "'  ~  "^' 

tbe  aolid  bdix  is,  tiwre- 
fore,  every  where  the 
aame.  The  rail  is  exhi- 
bited aa  squared ;  and 
though  It  appears  aa  one 
piece.  i(  roast  be  under- 
stood (oconsist  of  several 
wrealha,  or  lengths,  acre  w- 
ed  lop^plher.  each  length 
answering  to  a  rjuadran- 
tsl  part  of  the  plan. 

Fig.  3,  abews  the  dilTe- 
rent  sections  of  a  hol- 
low cylinder,  cut  entirely 
through  the  cnrved  sur- 
face ;  Ibe  solid  exhlbiia  a 
porlioa  of  the  said  cylin- 
der contained  between 
two  parallel  planes  :  No. 
I,  shews  the  thickness  of 
tbe  section  according  to 
the  inclination  of  the  cnl- 
ting  plane:  No.2,  sbcns 
the  section  of  a  semi- 
cylinder;  and  No.  3.  Ibat 
of  an  entire  cylinder,  cut 
according  to  the  position 
of  No.  1 :  tbe  sections 
No.  %  and  No.  9.  being 
liirned  round,  so  that  Ihe 
plane  of  section  may  he 
brouf^bt  into  view,  in 
order  to  make  the  aolid 
appear. 

Fig.  4,  exhibits  a  solid 
section  of  a  hollow  cylin- 
der, upon  a  quadrantal 
piiiu.  with  a  small  pait 
slraigbl;  No.  1,  exhibits 
the  convex  aide.  No.  3 
the  concave  side.  This 
figure  shews  tbe  slate  of 
the  rail -piece,  as  prepared 
by  the  face-mould,  and  is 
therefore  hounded  by  l»o 
conceutric  cylindrical  surfaces,  and  Iwo  parallel  planea.    Tha 


hlling  DetiM  bdng  appUed  apoB  Ibe  convex  side,  tbe  npcr. 
loooa  wood  li  eat  away  aceordiag  to  a  line  dnwn  by  tbe 
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upper  edge  of  the  falling  moald,  in  f  ach  a  manner  that  the 
stock  of  the  square,  being  applied  upon  the  convex  side,  paral- 
lel to  Uie  axis,  the  under  edge  of  the  blade  may  coincide  with 
the  top  or  winding  surface  of  the  rail-piece.  The  thickness  of 
the  rail  is  regulated  by  running  the  stem  of  a  gauge  first  upon 
the  convex  side,  with  the  head  upon  the  top  or  winding  surface, 
and  then  the  steni  upon  the  concave  side  in  the  same  manner, 
and  cutting  away  the  superfluous  stuff  between  the  two  gauge 
lines. 

Fig.  5,  exhibits  the  wreath,  or  rail-piece,  as  completely 
scjuared ;  No.  1,  shews  the  concave  side,  with  the  lower  end 
of  the  back,  or  upper  surface,  and  the  higher  end  of  the  lower 
surface ;  and  No.  2,  the  convex  side  of  the  cylindric  surface, 
with  the  upper  part  of  the  back,  and  the  lower  part  of  the 
under  side. 

The  rail  exhibited  in  fig.  2,  is  only  a  succession  of  wreaths, 
as  in  fig.  5. 

From  what  has  been  shewn,  it  will  be  easy  to  conceive  how  a 
rail  may  be  executed  to  any  given  plan,  and.  to  any  develop- 
ment of  the  steps  according  to  that  plan. 

Though  it  may  be  possible  to  make  a  rail  in  one  piece,  as  in 
fig.  3,  No.  3,  such  a  rail  will  hardly  ever  come  into  practice ; 
the  representations  of  the  solid  sections,  in  Ncs.  2  and  3,  are 
therefore  not  shewn  with  a  view  of  being  prepared  for  a  rail, 
but  to  give  a  clear  view  of  the  different  parts  of  the  solid  sec- 
tions of  a  hollow  cylinder. 

HANSE  Towns,  port  towns  of  Germany,  of  which  Lnbec 
and  Hamburgh  are  the  chief,  They  were  formerly  all  of  them 
inperial  cities,  and  confederated  for  their  mutual  defence,  and 
the  protection  of  their  trade. 

HANDSPIKE,  a  wooden  bar  or  lever  to  heave  round  the 
windlass,  in  order  to  raise  the  anchor  from  the  bottom,  or  for 
stowing  the  anchor,  provisions,  or  cargo,  in  the  ship's  hold. 
The  gunner's  Handspike  is  shorter  than  the  former,  and  armed 
with  two  claws  for  managing  the  artillery. 

HANKS,  wooden  rings  fixed  upon  the  stays  to  confine  the 
stay-sails  thereto  at  diflerent  distances ;  they  are  used  in  lieu 
of  grommets,  being  much  more  convenient,  and  of  a  later 
invention.  They  are  framed  by  the  bending  of  a  tough  piece 
of  wood  into  the  form  of  a  wreath,  and  fastened  at  the  two 
ends  by  means  of  notches,  thereby  retaining  their  circular 
figure  and  elasticity. 

HARBOUR,  a  place  where  ships  may  ride  safe  at  anchor, 
chiefly  used  In  speaking  of  those  secured  by  a  boom  and  chain, 
and  furnished  with  a  mole. 

Harbour  blaster,  an  oflScer  appointed  to  see  that  the 
regulations  of  an  harbour  are  strictly  attended  to. 

HARD  A  Leb,  the  situation  of  the  helm  when  it  is  pushed 
close  to  the  lee  side  of  a  ship,  in  order  to  tack,  or  keep  her 
head  to  the  wind.  Hence,  Hard  a  Weather,  when  the  helm  is 
put  close  to  the  weather  side  of  the  ship  in  order  to  bear- 
away. 

HARDNESS,  in  Physiology,  is  the  resistance  opposed  by  a 
body  to  the  separation  of  Its  particles.  This  property  depends 
on  the  force  of  cohesion,  or»on  that  which  chemists  call  affinity, 
joined  to  the  arrangement  of  the  particles  to  their  figure  and 
other  circumstances. 

Hardness,  or  Rigidity ,  that  quality  in  bodies  by  which 
their  parts  so  cohere  as  not  to  yield  inward,  or  give  way  to 
an  external  impulse,  without  instantly  going  beyond  the  dis- 
tance of  their  mutual  attraction ;  and  therefore  are  not  subject 
to  any  motion,  in  respect  of  each  other,  without  breaking  the 
body. 

HARE.    See  Lepus. 

HARIOT,  or  Heriot,  in  Law,  a  due  belonging  to  a  lord  at 
the  death  of  his  tenant,  consisting  of  the  best  beast,  either  ox, 
horse,  or  cow,  which  he  had  at  the  time  of  his  death,  and  in 
some  manors  the  best  goods,  piece  of  plate,  6cc.  are  called 
harlots.  There  is  both  harlot-service,  and  hariot-custom ; 
when  a  tenant  holds  by  service  to  pay  a  hariot  at  his  decease, 
which  is  expressly  reserved  in  the  deed  of  feofment,  this  is  a 
hariot  terviee:  and   where  harlots   have  been   customarily 

Eaid  time  out  of  mind  after  the  deatii  of  a  tenant  for  life,  this 
I  termed  hariot-custom.  For  hariot-service,  the  lord  may 
distrain  any  beast  belonging  to  the  tenant,  that  is  on  the  land. 
For  hariot-custom  the  lord  ii  to  seise,  not  distraiii ;  bat  he 


may  seise  the  best  beast  that  belong^  to  the  tenant,  tlioagh  it 
be  out  of  the  manor,  or  in  tlie  king's  highway,  becaose  he 
claims  it  as  his  pioper  goods  by  the  death  of  his  tenant 
Nevertheless*  where  a  woman  marries  and  dien«  the  kid 
shall  have  no  hariot-oostom,  because  a  fenune-coveit  has  as 
goods  to  pay  as  a  hariot 

HARMATTAN,  a  wind  which  blows  periodionllj  finmi  Ifcs 
interior  parts  of  Africa  towards  the  Atlantic  ocean.  It  pre- 
vails in  December,  January,  and  February,  and  is  generally 
accompanied  with  a  fog  or  haze  that  conceals  the  san  for  whole 
days  together.  Extreme  dryness  is  the  charaoteristie  oftUs 
wind ;  no  dew  falls  during  its  continuance,  which  is  soae 
times  for  a  fortnight  or  more.  The  whole  Tegetable  ereatioB 
is  withered,  and  the  grass  becomes  at  once  like  hay.  The 
human  body  is  also  affected  by  it,  so  as  to  cause  the  skiate 
peel  off,  but  it  stops  the  progress  of  infection,  and  t 
all  cutaneous  diseases. 

HARMONICA,  or  Armonica,  a  musical  inatnment 
structed  with  drinking  glasses.  The  glasses  are  Uowa  as 
nearly  as  possible  in  Uie  form  of  hemispheres,  haTinr  each  m 
open  neck  or  socket  in  the  middle.  The  diameter  of  the  faufesl 
glass  is  nine  inches,  and  that  of  the  smallest  three  iachw; 
between  these  are  twenty-three  different  sines,  dilEering  frea 
each  other  a  quarter  of  an  inch  in  diameter.  When  the  glaseei 
are  tuned,  they  are  fixed  on  a  round  spindle  of  hard  irae, 
an  inch  in  diameter  at  the  thickest  end,  and  tapering  to  aqns^ 
ter  of  an  inch  at  the  smallest  The  glasses  are  all  plaoed  witkia 
one  another ;  the  largest  on  the  biggest  end  of  the  spiadli^ 
with  the  neck  outwards ;  the  next  in  size  is  put  into  the  other, 
leaving  about  an  inch  of  its  brim  above  the  brim  of  the  fint; 
and  the  others  are  put  on  in  the  same  order.  From  ftcte 
exposed  parts  of  each  glass  the  tone  is  drawn  by  laying  a 
finger  upon  one  of  them  as  the  spindle  and  glasses  tarn  nmi. 
The  fingers  should  be  first  soaked  in  water,  and  mbb^  9etMr 
siooally  with  fine  chalk,  to  make  them  catch  the  gbtfs,  and 
bring  out  the  tone  more  readily.  The  tones  of  this  insCraBcat 
are  incomparably  sweet  beyond  those  of  any  other,  and  whea 
it  is  once  well  tuned,  it  never  again  wants  tuning. 

HARMONICAL  Arithmetic,  is  sometimea  nsed  for  the 
application  of  numbers  to  the  science  of  music 

Harmonical  Curve,  an  ideal  curve,  into  which 
chord  is  supposed  to  be  inflected,  when  put  into  sooh  a 
as  to  excite  sound. 

Harmon ICAL  Composition,  in  a  general  senae«  indndet 
harmony  and  melody,  Le.  of  music  or  songs»  hoth  in  a  sMgfe 
part,  and  in  several  parts. 

Harmonical  Mean  and  Proportion.    Sot  Mean  and  Pi»> 

PORTION. 

Harmonical  Sownds^  sooh  as  always  mnke  a  deteraiBiit 
number  of  vibrations  in  the  time  that  one  of  the  fnndaiatintah, 
to  which  they  are  referred,  makes  one  vibration. 

HARMONICS,  that  part  of  music  which  conaders  lit 
differences  and  proportions  of  sounds  with  respect  to  the  aesli 
and  grave :  in  contradistinetion  to  rhyme  and  metre. 

HARMONY  OF  the  Spheres,  a  sort  of  music  ooaoeived  by 
ancient  philosophers,  and  supposed  to  be  prodneed  by  fk 
sweetly-tuned  motions  of  the  heavenly  bodiea. 

Harmony,  in  Music,  the  agreeable  result  or  nnion  of  sefersl 
musical  sounds  beard  at  one  and  the  saoM  time. 

Harmony  Figured.  Figured  harmony  is  that  in  whieh,fcrlbe 
purpose  of  melody,  one  or  more  of  the  parts  of  a  tmm^oMm 
move  during  the  continuance  of  a  chord,  through  certain 
which  do  not  form  any  of  the  constituent  parts  of  that 

HARP,  a  stringed  instrument,  consisting  of  a 
frame,  and  the  cords  of  which  are  distended  in  parallel  dtvee* 
tions  from  the  upper  parts  to  one  of  its  sides.  Its  aeale  uatsaii 
through  the  common  compass,  and  the  strings  are  tnned  by 
semitonio  interval.  It  stands  erect,  and  when  need,  is  pleieJ 
at  the  feet  of  the  performer,  who  produces  its  tonea  by  the  asliin 
of  the  thumb  and  fingers  of  both  hands  on  the  string. 

HARPOON,  Harping-iron,  or  Harpago,  a  apear  or  Java* 
lin,  used  to  strike  the  whales  in  the  Greenland  and  South  Sea 
fisheries.  The  harpoon  is  ftimished  with  n  long  ahank,  aad 
has,  at  one  end,  a  broad  and  flat  triangokur  head,  sharpened  st 
both  edges  so  as  to  penetrate  the  whale  with  Caellity :  to  the 
other  end  of  this  weapon  is  fastened  a  long  oard  eaBsd  the 


HATCHHEMT,  in  Heialdiy,  (■  tha  poat  of  unu  «f  k  d«Bd 

Erapq,  uiuUt  placed  on  the  front  of  a  lioaie,  bj  whicb  U 
otrn  the  rank  of  the  deceued  pfir^n  while  liyior*  wbalher 
bachelor,  maid ;  hubaud,  wife ;  widow,  or  widower,  tut. 

HAUL  THB  Wind,  (to)  to  direct  the  Bhip'i  oanrw  nOarer  to 
that  point  of  the  compaii  from  wlii^  the  .wind  ariiea:  far 
iDstance— nppose  «  ship  saili  soatb-weat  with  the  wind 
northerly,  and  Bome  particnlsr  occasion  renders  it  necessary 
to  haal  the  wind  farlher  to  the  westward :  to  perform  this  ope- 
ration, it  is  Deoessary  to  arranfe  the  sails  more  obliqnely  with 
her  keel ;  to  brace  the  yards  more  forward  by  slackening  the 
starboard,  and  pulling  in  the  Isrboard  braces,  and  to  haul  the 
lower  sheets  further  aft,  and  fioally  to  pal  the  helm  aport,  t. ». 
oter  the  larboard  side  of  the  vessel.  As  soon  as  her  head  is 
turned  directly  to  the  westward,  and  her  sails  are  trimmed 
accordingly,  she  is  said  to  have  hanled  the  wind  fonr  points, 
that  is  to  say,  from  S.  W.  to  W.  •  She  may  sUll  ^o  two  poinU 
nearer  to  the  direction  of  the  wind,  by  dispoiiag  her  sails 
according  to  the  greatest  oblii|ait^,  or,  in  tbp  sea-phrase,  by 
trimming  all  sharp ;  and  in  this  sitaation  she  is  said  to  bo 
close-hanled,  aa  sailing  W.  N.  W. 

HAUTBOY,  a  maaical  instroment  of  the  wind  kind,  shaped 
much  like  the  ante,  only  that  it  spreads  am]  widen*  towards 
the  bottom,  and  is  soosded  throngh  a  ieed> 

HAW  Finch,  in  Ornithology,  the  Bnglish  name  of  a  bird 
known  among  authors  by  the  name  of  ooocotbranstes. 

HAWKBRS  and  Pedlars,  are  snch  dealers  or  itinerary 
petty  chapmen  who  travel  to  differentfairs  or  towns  with  goods 
or  wares,  and  are  placed  under  the  oontrol  of  Dommissionerl, 
by  whom  they  are  licensed  for  that  purpose,  pursuant  to  slat. 
8  and  B  William  IH.  c.  36,  and  29  Geo.  III.  c.  26.  Traders  in 
linen  and  woollen,  sending  goods  to  markets  and  fairs,  and 
selling  them  by  wholesale ;  raannfactarers  selling  their  own 
manufactares,  and  makers  and  sellers  of  English  bone-lace, 
going  from  boose  to  house,  be.  are  excepted  oat  of  the  acts, 
and  out  to  be  taken  as  hawkers. 

HAWSE,  the  situation  of  the  cables  of  a  ship  when  moored 
witji  two  auchorg,  one  on  each  bow.  When  the  cables  cross 
each  other,  and  rub  together,  the  kaxtt  itfotd.  Hawse  Ptvgt 
are  thmst  into  the  hawse  botes  to  keep  out  the  water. 

HAZARD,  a  game  on  dice,  without  tables.  It  is  played 
with  only  two  dice,  and  as  many  may  play  at  it  as  can  stand 
round  tbe  largest  ronnd  table. 

Two  things  are  ehieBy  to  be  observed,  viz.  main  and  chance, 
tbe  latter  belonging  to  the  caster,  and  tbe  former,  or  main,  to 
the  otber  gamesters.  There  can  be  no  main  thrown  above 
nine,  nor  under  five,  so  that  five,  sis,  seven,  eight,  and  nine, 
are  the  only  mains  flung  at  haaard.  Cfaaoces  and  nicks  are 
from  foai  to  ten;  thus,  four  is  a  chance  to  nine,  five  to  eight, 
six  to  seven,  seven  to  six,  eight  to  live  ;  and  nine  and  ten  a 
chance  to  6ve,  sis,  seven,  and  eight;  in  short,  fonr,  five,  six. 
seven,  eight,  nine,  and  ten,  are  chances  to  any  maio,  if  any  of 
these  nick  it  not  Now  nicks  are  either  when  tbe  chance  is 
the  same  with  the  main,  as  five  and  five,  or  the  like ;  or  sis  and 
twelve,  seven  and  eleven,  eight  and  twelve.  Here  observe,  that 
twelve  is  out  to, nine,  seven,  and  five;  eleven  is  out  to  nine, 
eight,  six,  and  five,  and  ames-ace  and  deuoe-aoe,  are  out  to  all 
mains  whatever. 

HEAD,  an  ornamental  figure  erected  on  the  oontinoatioo  of 
a  aUp's  stem,  as  being  expressive  of  her  name,  and  emblema- 
tioal  of  war,  navigation,  commerce,  &c  The  head*  which  have 
any  aflnity  to  war  or  navigation,  are  in  general  either  histo- 
rical, as  referring  to  some  of  the  deities  oi  heroes  of  antiquity ; 
or  allogorjcal,  as  alluding  to  some  of  Oie  natural  consequences 
of  battle,  or  the  virtues  most  essential  to  life  esposed  to  per- 

Setnal  danger.  Thus,  in  the  former  sense,  they  represent  a 
leptone,  an  Alddea,  a  Hars,  an  Achilles,  a  Minerva,  or  a 
Jason;  and  in  the  latter  they  prodnce  a  Magnanimous,  an 
Intrepid,  a  Revenge,  or  a  Victory.  Image  heads  are  those 
founded  on  praetioiil  fiction,  and  should  be  bold,  warlike,  and 
olasiical, — snch  as  Heroules  brand)shln|  his  club  over  tbe 
brads  of  Cerberns ;  Jopiter  riding  on  his  eagle,  and  armed 
with  his  thunders,  Ico.  Emblematie  heads  consist  of  apprt^ 
priate  fignres,— snch  as  an  eagle,  denoting  digwiy,  force,  aiMl 
velocily ;  a  dragon,  denoting  power,  vigilance,  ha. 
HeiD,  Is  also  oaed  in  a  more  enlarged  sense,  to  signify  tbe 
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le  Ovnt  or  forepart  of  *  ihip,  iMlndiiK  the  bovra  «■  easfe 
aide  j  the  head  therefore  open*  the  eoliuaa  of  watw  Ihiangfc 
whid)  the  ship  paases  when  advaaolng;  henae  we  any,  Btad 
unit,  Hfi-vaif,  Hmd-M«,  fc«.  It  is  evidetit  that  tbn  tNepait 
of  a  ship  is  called  its  bead,  from  the  affinity  of  DMMsoa  Md 
position  it  bean  toaGsh,andinjMiemlto  the  borimmtal  sitM- 
tion  of  all  animals  while  swimnuag. 

Thus,  fig.  1  represents  one  side  of  the  for^tart  of  tbe  head  oi 
a  74-gQa  ship,  together  with  part  ot  the  bow  ked,  mnd  gennal, 
whiobwill  be  better  understood  from  tfaiade«oription:~AA, 
the  keel;  a,  a,  false  keels;  AC,  the  stem;  «,«,  tbe  cat  bead; 
t,  i,  its  prop*,  or  sopporbBr ;  c,  c.  the  knight  head,  tw  belUfd 
timber  which  seen  res  tbe  inner  end  of  the  bowsprit;  d,4,^ 
house  holes  j  c,  a,  tbe  naval  hoods ;  /,  the  davit-vhoek ;  f,  Ae 
balk  head. 


deck.    I,  I,  the  channel,  with  their  dead  eyw  a        -     -  . 
i,  the  gripe  or  fore  foot,  which  unite*  tbe  keel  vrilh  the  stem, 
forming  a  part  of  either. 

k,  k,  the  decks  i  I,  the  convexity  of  the  beams ;  m,  a^  liaiWn 
of  the  head  and  part  of  tbe  bowsprit ;  X,  the  rails  of  the  htal 
lying  across  the  timbers ;  QZ,  the  forepart  of  tbe  i*aia  «sls: 
R  X,  forepart  of  the  channel  wale.    V  C,  the  load  water  lis*. 

Fig.  3  represenu  the  head  view  of  a  ship,  with  the  pntJadiH 
of  her  principal  timbers  and  all  the  planks  laid  oa  one  lida 
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HBADBORROW,  or  Hiad»oiioooii,  tbe  oUef  of  the  frank 
pledge.  He  was  called  also  barrowbead,  buriholder,  third-bor- 
row, tithing- man,  chief- pledge,  or  borrow-elder.  He  is  now 
Qocasiooally  called  a  constable. 

HBALTH,  is  a  right  dUpositioa  of  the  body,  asd  all  its  parts. 

HBARINQ.  S€€  SouKD.  The  organ  of  bearing  is  the  ear, 
and  particularly  the  auditory  nerve  and  membrane. 
.  HEAT,  in  Natural  Philosophy,  is  one  of  the  effects  of  ire  or 
caloric,  indicated  by  an  increase  of  temperature,  and  the 
sensation  it  produces  on  the  org^s  of  feeling.  Various  hypo- 
theses have  been  advanced,  both  by  ancient  and  modern  philo- 
aophers,  to  account  for  the  phenomena  of  heat,  soom  consider- 
ing it  as  a  body,  tut  gemgrii^  and  others  only  as  a  qoali^ 
common  to  all  bodies.  It  would  answer  very  little  purpose,  u 
our  limits  would  admit  of  it,  to  detail  the  various  notions  thai 
have  been  advanced  on  this  subject;  we  shall,  therefore, 
merely  state  the  opinions  of  some  of  the  best  infonned  philo- 
sophers amonicst  the  moderns,  though  the  grand  Question,  as 
to  the  materiality  of  heat,  is  not  yet  satisfactorily  determined. 
IVith  respect  to  the  solar  heat,  we  observe  then,  that,  by  pre- 
sent opinion,  the  sun's  rays  are  twofold ;  one  sort  emits  light, 
the  other  heat ;  called  in  seienoc  calorific  aad  luminons  rays. 
This  division  of  the  solar  rays  into  calorifio  aad  Inminons, 
established  as  it  is  upon  sueh  undoubted  premises.  Dr.  Thomp- 
son considers  as  nearly  putting  an  end  to  the  dispnte,  by 
demonstrating  the  existence  of  caloric  as  a  peculiar  substance ; 
mt  least  it  is  putting  it  upon  the  same  footing  in  this  respect 
su  light,  the  materiality  of  which  is  not  disput^  by  many  who 
strgue  on  the  other  side  with  regard  to  neat  The  greatest 
degrees  of  beat  which  are  known,  have  been  produced  by  con- 
centrating the  solar  rays  with  a  mirror,  or  lens,  or  by  supply- 
ing a  bluw-pipc  with  oxygen  gas.  The  greatest  degree  of  cold 
known  to  have  been  produced,  has  been  obtained  by  mixing 
snow  with  certain  salts,  as  muriat  of  lime.  If  this  be  mixed 
with  dry,  light  snow,  and  stirred  well  together,  the  cold  pro- 
duced will  be  so  intense,  as  to  freese  mercury  in  a  few  minutes. 
^>aIt  and  snow  also  produce  a  great  derree  of  cold. 

Heat  AnimmL  The  temperature  whieb  animals,  and  even 
vegetables,  maintain  during  life,  above  that  of  surrounding 
obiects,  is  a  very  striking  phenomenon.  By  general  analogies, 
it  has  frequently  been  referred  to  the  process  of  combos tion ; 
and  from  facts  more  distinctly  pointed,  the  dootrine,  that  it 
depends  upon  the  absorption  of  oxygen,  has  been  advanced  by 
modem  chemists.  It  has,  however,  been  found,  by  actual  expe- 
riment, that  the  lungs  of  animals  are  nsnally  the  coldest  part  of 
the  body ;  and  hence  it  has  been  doubted  whether  the  above 
theory  was  correct,  and  recourse  has  been  bad  to  the  supposi- 
tion, that  animal  heat  was  the  effect  of  electricity. 

Heat,  in  Geography,  the  diversity  of  heat  of  climates  and 
seasons  arising  chiefly  from  the  diflerent  angles  under  which 
the  sun's  rays  strike  upon  the  surface  of  the  earth.  The  diflfer- 
cnl  degrees  of  heat  and  cold  in  diflerent  places  depend,  how- 
ever, in  a  very  great  measure,  upon  the  accidents  of  situation 
with  regard  to  mountains  and  valteys,  and  the  soil. 

The  following  table  of  the  heat  of  different  elimates  Is  com- 
pated  for  every  tenth  degree  of  latitude,  to  the  equinoctial 
and  tropical  son ;  by  which  an  estimate  may  be  made  of 
the  Intermediate  degrees. 


Ut. 

Su  b  AriM  ud 
Ubn. 

Su  isCsBMr. 

8«a  is  Csprieers. 

0 

ououo 

18341 

IKHI 

10 

19016 

90200 

I58M 

21) 

18707 

21737 

13166 

ao 

17.121 

22051 

10124 

40 

lOS'Zl 

290t8 

6044 

w 

\QiA& 

22001 

3708 

60 

10000 

22773 

1075 

70 

6H40 

23.V43 

000 

Ml 

3473 

2t673 

000 

0 

OUX) 

25066 

000 

Lmttni  Heat,  is  a  phrase  used  by  Dr.  Black,  arising  f^om 
the  discovery  that  a  large  portioa  of  heat  sonetiaiss  dis- 


appears, or  is  absOfkad  by  A  body,  vithoat  any  iaeivaae  of 
temperalnre.  This  notawly  happens  irhea  a  body  from  a 
•olid  beoomes  liquid,  or  from  a  Uqud  bseomes  aeriform ;  and 
sometimes,  when  two  bodies  of  the  saaw  temperature  oombinr, 
a  great  degree  of  cold  is  produced ;  hot  when  a  due  portion  of 
heat  is  acouired  from  the  surrounding  bodies,  the  temperatnre 
is  restoreo.  The  heat  which  disappears  in  these  ewes  is  what 
is  called  Imtemi  pomt.  Sit  EviPORiTioti. 
HEATH.    See  EaiCA. 

HEAVEN,  in  the  Ancient  Astrooofliy,  denoted  an  orb  or 
circular  region  of  the  ethereal  heaven.  Hie  ancient  astrono- 
mers  assumed  as  many  different  heavens  as  they  observed 
different  celestial  motions.  These  they  supposed  to  be  all 
•olid,  as  thinking  they  could  not  otherwise  sustain  the  bodies' 
fixed  in  them ;  aad  spherical,  that  being  die  most  proper  form 
for  motion.  Tlras  tney  have  seven  heavens  for  the  seven 
planets,  the  Moon,  Mereory,  Venns,  the  Son,  Mars,  Jupiter, 
and  Saturn.  The  eighth  was  the  fixed  stars,  which  was  par- 
deulariy  denominated  the  firmament  Ptolemy  adds  a  ninth 
heaven,  which  he  calls  the  prtflmmi  mMIe:  after  him  two  crys- 
talline heavens  were  added  by  Alphonso,  king  of  Castile,  to 
accoant  for  some  irregnlarities  in  the  bm^obs  of  the  olber 
heavens :  and,  lastly,  an  emoyreaa  heaven  was  drawn  over  the 
whole,  for  the  residence  or  the  Deity ;  which  made,  in  aU» 
twelve  heavens.  But  others  admitted  many  more  heavens, 
according  as  their  diflerent  views  and  hypotbesee  required ; 
Bodoxne  supposed  23,  Regiomontanns  39,  Ariatotle  47,  and 
Fracaster  no  less  than  70. 
HEAVINESS,  in  general  the  same  with  Guniiw  andffn^Af. 
HEDERA,  or  Ivy,  a  genus  of  the  pentaadna  moaogynia 
class  and  order.  Natural  order  of  bederacese.  Caprifolia, 
Jussieu.  There  are  six  species,  with  several  varieties.  The 
roots  of  the  helix  or  ivy  are  used  by  leather-cutters  to  whet 
their  knives  upon.  Apricots  and  peaches  covered  with  ivj 
during  the  month  of  February,  have  been  observed  to  bear 
fruit  plentifully.  The  leaves  have  a  nauseous  taste ;  they  are 
given  to  children  in  Qrrmany,  as  a  specific  for  the  atrophy. 
The  common  people  of  England  apply  them  to  issues ;  and  all 
ointment  made  from  them  is  in  great  esteem  among  the  High- 
landers of  Scotland  as  a  ready  cure  for  bums.  Ilorses  aad 
sheep  eat  the  plant ;  goats  and  cows  refose  it. 

HEDGES,  in  agriculture,  are  either  planted  to  make  fences 
roood  enclosures,  or  to  divide  the  several  parts  of  a  garden. 
When  designed  as  outward  fences,  they  are  planted  either 
with  hawthorn,  crabs,  or  blackthorn ;  but  for  wardens,  some 
prefer  evergreens,  in  which  case  the  holly  is  best,  next  the 
yew,  then  the  laurel,  laurustinus,  phillyrea,  kc. ;  others  prefer 
the  beech,  the  homl»eam.  and  the  elm. 

HEDYSARUM,  in  Botany,  a  genus  of  the  Diadelphia 
Decandria  class  and  order.  Natural  order  of  Papilionacem 
or  LeguminossB.  Essential  character :  corolla  keel  transversely 
obtnse ;  legume  jointed,  with  one  seed  in  each  joint  There 
are  ninety  spedes,  only  one  of  which  is  a  native  of  Great 
Britain :  nx.,  H.  onobrycbis  saintfoin,  or  cockshead,  and  but 
ten  which  are  natives  of  Europe.  Most  of  these  are  perennial. 
HEGIRA,  in  Chronology,  signifies  the  epoch  or  account  of 
time  used  by  the  Mahomedans,  who  begin  their  computation 
from  the  day  that  Mahomet  was  obliged  to  abandon  the  city  of 
Meoon,  July  16, 6S9.  The  years  of  the  hegira  are  lunar  ones, 
of  364  days ;  and  therefore  to  reduce  these  to  the  Julian  Calen- 
dar, we  must  multiply  the  years  of  the  hegira  by  364,  and 
divide  the  prodnet  by  365) ;  to  which  add  632,  the  date  at 
which  this  epoch  commenced,  and  the  result  will  be  the  Jullao 
year  required. 

HEIGHTS  and  Distances,  TAt  JfatturcftMi  ff.  In  the 
mensuration  of  heights  and  distances,  instruments  of  various 
kinds  are  aaed  for  determining  angles,  and  the  distances 
between  reoMMe  aad  inaccessible  objeets.  The  fittest  instm- 
meat  for  taking  vfrtiemt  or  Aenrenle/  mt^t,  is  a  tkeodoGu,  fur- 
nished with  n  eompaas  aad  lerel,  one  or  two  telescopes,  and  a 
vertical  arc.  Angles  Mifw  to  the  horinon  mav  be  taken  with 
a  Hmikfi'i  mmdrmmi  Of  stjrtwtf,  and  then  rodaood  by  ealealatioa 
to  their  projection  on  the  horiaoatal  plaaa^  Aagiea,  both  JUrt- 
tamiml  aad  errrica^,  may  also  bo  takaa  with  Hadley 's  «nadraat  i 
observing,  that  in  nser  eftf  sc<s  the  ^laadraat  is  to  bo  a^iostad  l» 
the  dirfcf  ei^'sct;  aad  that,  in  taking  ffftifal  aaglaa  with  it,  a» 
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artyfewi  lUrunt  should  be  aud,  and  the  ImaKs  of  the  objeol, 
TcOeeted  fnnu  the  glutea  of  the  qaadrant,  broaght  to  ooincide 
with  th«t  in  the  Artificial  horuon.  Set  Tubodoliib  Kod 
QifAiiiiANT.    Set  Altitudb,  from  pagea  28  to  3t. 

Baeei  or  ditlsneet  maj  be  inea«ared  with  Gvnler'e  cAoim,  or 
the  oommon  50  feet  fope/,  or  peUt,  or  mii,  of  a  cODTeaieiit 
length,  and  formed  of  such  matter  ai  is  least  liable  to  contract 
or  expand  in  leogtb,  dnring  the  meaiaremeot.  The  lue  of 
Instniments  is  best  acquired  under  the  direction  of  a  person 
practfcalljp  acqaainted  with  their  application  and  seTeral 
adJDstmeDts. 

Problem  1.—Taji»d  the  height  of  an  ocMinftb  <Aject.—RiUe. 
Measure  the  distance  between  the  boltomof  the  object,  and 
anj  convenient  station,  on  the  same  horizontal  plane ;  and  at 
that  station  observe  the  angle  of  elevation.  Then  saj.  At 
radios  Is  to  tfae  tangent  of  the  angle  of  elevatian,  bo  is  the 
horizontal  distance  to  the  height  of  the  object  above  the  boii- 
aontal  plane  passing  tbroogh  the  eye  of  the  observer,  to  which 
the  height  of  the  eje  being  added,  the  sum  will  be  the  height  of 
the  object.    Ste  Probs.  1  and  4,  Altitude. 

£^iiiiu)fe.— Let  the  borisontal  distance  AB  (fig.  1)  be  200 
feet,  and  the  angle  of  elevation  C  D  E  37°  35',  the  height  of  the 
eyebeingfifeet :  what  is  the  height  of  the  object  BCT 

As  radios  =  T.  45°        =  10-0000000 

To  tangent  CD  E  =        37°  3^  =    g-886287S 

Soisdislaoce  AB  =300  =:    2-3010300 


To  the  height  C  E 
Add  height  of  the  eye 


Height  of  the  object  BG    : 


2-IS73178 


Remarht.  1.  1nmea3DrIogheight3,the  stationof  tbeobeeirer 
should  be  chosen  so,  that  tbe  angle  of  elevation  may  be  as  near 
to  45°  as  possible,  because  tbe  less  error  In  tbe  altitgde  will 
arise  from  an  error  in  the  angle,  the  nearer  the  angle  is  to  4Sf. 
2.  When  the  angle  of  elevaUon  is  45°,  tbe  height  above  the 


when  the  angle  is  30°,  the  height  vrilt  be  equal  to  half 
hypotenase. 

The  angle  of  depression  F  C  D  is  =  tbe  angle  of  elevation 
EDO,  for  they  are  alternate  angles,  and  FC  is  parallel  to  DE. 


ProiUm  t.— To  find  the  height  of  an  inaeeettible  ahjtet — R%U. 
Lei  C  D  (fig.  3)  represent  the  object  of  which  the  height  is  to 
be  found  i  at  an<r  two  convenient  stations  A  and  B,  in  tbe  same 
vertical  plane  with  C  D.  observe  tbe  angles  of  elevation  D  A  C, 
DEC,  and  meaanre  tbe  distance  AB.  Then,  beeanse  the 
exterior  angle  D  B  C  is  equal  to  the  two  interior  angles  B  D  A, 
DAB;  if  DAB  be  subtracted  from  D  BC,  the  angle  BDA 
will  remwn.  Now,  in  the  triangle  D  A  B,  as  sine  D  is  to  sine 
A,  aoisAB  to  BD:  and  in  the  triangle  DBG,  as  sine  C  (rad.) 
to  sine  B,  so  is  B D  to  CD.  Set  Probs.  1  and  5,  Altitdde, 
where,  in  Csot,  these  two  problems  ore  given ;  and  their  intro- 
duction  here  is  defensible  on  no  other  ground  than  the  AJpha- 
belical  Title  of  oar  work,  for  we  abjure  repetition  as  needless 
waste  of  our  own  property.      , 

EjcampU.—Tht  angle  of  elevation  of  a  tower  at  a  station  on 
the  same  horiKintal  plane  was  48°,  and  at  another  station,  on 
a  level  with  the  former,  and  200  feet  farther  olT,  in  the  same 
direction,  ifae  angle  of  elevation  was  36°  45',  tbe  height  of  the 
•ye  bdos  6  feet;  irfaat  ww  the  heigbt  of  tbe  tower! 


4S»  —  WW  =  «"  15  =  A  D  B. 
ro/MiBD.  TofiudC^. 

S,ADB  =  21oi6'=fl-afi02338  :  8,C  =  90°=10.  000000 
8 j>Afi=  ae° 4a'=9-fl533076  :  B.DBC  =  48°=  BWIonS 
. :  AB    =:       il00=2'30 10300  :  :  BD     =348-37=  93051037 


D      =a«-37=3-3&51037  :  CD      =184-67=2-306177^ 


'  The  operation  may  be  performed  rather  more  coneiselj.  u 
follows :— To  tbe  sines  of  tbe  observed  angles  of  elevation  add 
the  co-secant  of  the  difference  between  these  angles,  and  tt» 
logarithm  ofthe  distance  between  the  stations  A  and  B,  tbe  sun. 
rejeeting  30  from  the  index,  will  be  the  logorithia  of  tbe  teigki 
of  the  object 

ProUfm  Z.— Given  the  angle*  of  elevation  of  any  dittani  ehjtti. 
taken  at  tkree  place*  in  a  horizontal  itTaighl  line,  wkitk  doit  M 
pat*  tbroi^k  tit  point  dirtellg  below  the  object;  and  the  Tttpectin 
dittaneet  betmeen  the  ttatiom ,-  tofnd  the  height  of  the  object,  end 
iti  dittanee  from  either  elation. 

Let  ABC  (Bg.  3)  be  tbe  horieontal  plane,  E  O  the  perpee. 
dicniar  height  of  the  object  O  above  tbat  plane.  A,  B,  C,  tfae 
three   places  of  ob- 
servation.   O  A  £, 
O  B  E,   O  C  E,  tbe 


Fig.  3. 


fcfca  respective  anglei 
VlL^  elevation,  andAB, 
'vAIZ/*  BC,  tfae  given  dis- 
.  --^po  tances.  Since  the 
.•-^li  triangles      A  E  0, 

J\  BEO,    CEO.    ire 

J  !_,  all  right-angled  it 
■■;  i^  ■  E.  the  distances  AB, 
B  E,  C  E,  will  eri- 
dentiy  be  as  tbe  co- 
tangents of  tbe  so- 
glea  of  elevatioa  st 
A,  B.  1,  respective 
ly.  Now  the  poiai 
E  may  be  detemua- 
od,  so  tbct  Aote 
lines  may  have  (bat  ratio  as  follows:— 

C^aitnieltim.— Find  A  D,  D  C,  Ihni.  Ciirf  B  :  CelC  ::  AB: 
A  D,  and  Col  B  :  Cbt  A  : :  B  G  :  G  D.  Hake  the  triaafb 
ADC,  about  which  describe  a  ctrole.    Join  D  B,  t     ' 


.  ..t  describing  the  circle,  tbosi  Having  found  AD,  CD,  st 
before,  and  made  the  triangle  A  S  C,  join  D  B,  and  draw  AB 
so  that  the  angle  E  A  C  may  be  equal  to  the  angle  B  D  C ;  tel 
will  A  E  meet  B  D  pradaced  in  E. 

Solution.— Xa  the  triangle  A  C  D,  of  which  the  three  sides  irt 
known,  find  tbe  angle  GAD.  Again,  in  the  trianrle  A  B  D,rf 
which  the  sides  AB,  AD,  and  tbe  included  angle  BADsn 
known,  find  the  side  BD.  Then,  because  the  triangles  BDC 
B A  E,  are  similar,  and  also  tbe  trian^es  BDA.  B C E,  u 
BD:CD::AB:AB;  also,  BD:AB  ::BG:BE. 
and  BD  :  AD  :  :  BG  :  CE.  Lastly,  Radius  :  Tan.  aagk 
of  elevation  at  A,  B,  or  C  : :  the  distance  of  B  from  that  sta- 
tion  :  the  height  (B  O)  required. 

example.— Three  observers.  A,  B,  C,  in  a  straight  line,  take. 
at  the  same  instant,  on  a  signal,  (be  altitude  of  a  bolloMi.  A 
finds  it  15°,  B  18°.  and  C  20° ;  also,  B  Is  1000  yarxls  D«n  A, 
and  C  1600  yards  from  B;  the  perpendlcnlu'  height  rf  tk* 
balloon  is  required! 


TofindtkeliMKH. 
CotB=18° 
CotG=20«        =0-4389341 
:    AB=1000      =3-000000 


AD  =  aM'70&=2«W7101  :     CD: 


Tofittd  tis  fitu  C  D. 
CotB=lB°        =0-48832W 


a-925=3-3Stf81« 
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3.  In  C  B  D,  tojiful  an  angle  C  D. 
:    BD  +  BC  =4939*84         =    3*6937129 

:     B  D  —  B  C  =:    328-34        =    2-5163238 

: :  Tan  i  (C  +  D)     =  64«  50'  30*    =  10  3282013 

:    Tan  i  (C  —  D)     =    8*   ^  18*    =    8- 1508122 

BCD     ^  =  72*  53'  48* 
:     S,C  =  72«  53'  48*  =  9980356 1 


:     S,B  =  SOMO'        =  9-8862568 
: :  B  D  =  263^09       =  3*4206310 


:     CD  =  2120'95      =:  3*3265317 

2120  95  links. 
In  like  manner,  the  distances,  taken  two  and  two^  between 
any  number  of  remote  objects  placed  aroand  a  base  line,  may 
be  determined. 

Problem  8. — Given  the  distances  between  three  objects  (A,  B,C,) 
and  the  anoular  distances  between  these  objects  at  a  station  (S)  in 
the  same  plane,  to  find  the  distance  between  that  station  and  each  of 
the  objects. 

Of  this  problem  there  are  several  cases. 

Case  1 .  When  the  station  S  is  without  the  triangle  ABC, 
fig.  9. 

Construction,  Make  the  tri-  Fig,  9. 

angle  ABC;  at  A,  make  the 
an^Ie  D  A  B  =  the  given  angle 
D  S  B  or  C  8  B  ;  at  B,  make 
the  angle  ABD  =  ASCor 
A  S  D.  Then  through  the  points 
A,  B,  D,  describe  a  circle ;  join 
D  C,  and  produce  it  till  itmeet 
the  circle  in  S,  the  station  of 
the  observer;  and  join  SA, 
S  B. 

Solation,  In  the  triangle 
A  B  C,  of  which  the  three  sides 
are  known,  find  the  angle 
B  A  C.  In  the  triangle  A  B  D,  of  which  the  angles  and  the  side 
A B  are  known,  find  the  side  A D.  In  the  triangle  CAD,  of 
which  two  sides  AC,  AD,  and  the  included  angle  CAD  are 
known,  find  the  angle  A  C  D.  In  the  triangle  A  S  C,  of  which 
the  angles  and  the  side  A  C  are  known,  find  the  sides  S  A, 
S  C.  And  in  the  triangle  AS  B,  of  which  the  angles  and  the 
side  A  B  are  known,  find  S  B. 

Case 2.  When  the  station  S  is  within  the  triangle  ABC,  as 
in  fig.  10. 

Construction.  Make  the  tri-  Fig,  10. 

angle  ABC;  make  the  angles 
BA  D,  A  B  D  equal  to  the  sup- 
plements of  the  given  angles 
.  B  S  C,  A  S  C,  respectively. 
Through  the  points  A,  B,  D, 
describe  a  circle  ;  joia  D  C,  D 
which  will  cut  the  circle  in  S, 
the  station  of  the  observer. 

Solution,  This  case  Is  calcu- 
lated  in  the  same  manner  as 
the  last. 

Case  3.  When  the  three  ob- 
jects are  in  one  straight  line, 
as  in  fig..  II. 

Construction.  This  case  is 
constructed  in  the  tame  man- 
ner as  Case  I. 

Solution*  In  the  triangle 
ADC,  of  which  the  angles 
and  the  side  A  C  are  known, 
find  AD.  In  the  triangle 
A  B  D,  of  which  the  sides 
AB,  AD,  and  the  included 
angle  B  A  D  are  known,  find 
the  angle  A  B  D  =  SBC; 
tbe  tapplement  of  which  ABS 


Fig.  II. 


Fig.  13. 


Fig.  12.  =  D  B  C.      In  the   triangle 

ABS,  of  which  the  iDgtef 
and  the  side  A  B  are  knmrn, 
find  S  A,  S  B.  And  in  the 
triangle  A  S  C,  of  which  the 
angles  and  A  C  are  known,  or 
in  the  triangle  B  S  C,  of  which 
the  angles  and  B  C  are  known, 
find  S  C. 

Case  4.  When  the  station  S 
Is  in  one  of  the  sides  of  the 
triangle,  or  in  one  of  tbe  sides 
produced,  as  ia  fi^.  12  aad 
13.  , 

Solution.  Find  the  angle 
B  A  C  from  the  three  sides. 
Then,  when  S  is  situate  as  in 
fig.  13,  the  angles  of  the 
triangle  A  S  C,  and  tbe  side 
A  C,  are  given  to  find  C  S, 
AS,  and  conseqaently  B8. 
And  when  S  is  situate  ai  m 
fig.  12,  the  angles  of  the  tri* 
angle  SAB,  and  the  side 
AB,  are  given  to  find  BS, 
A  S,  and  conseqaently  C  S. 
Example  1. — ^There  are  three  objects  A,  B,  C,  (fig.  9^  the  dis- 
tances  of  which  from  one  another  are  as  follows : — A  D  =:  424, 
A  C  :;=  213,  and  B  C  =  262  yards  ;  I  desire  to  know  my  dis- 
tance from  each  of  these  objects  at  a  station  S  without  tbe 
triangle  ABC,  where  I  observed  the  angle  ASC  to  be  = 
13"  30',  and  B  S  C  =  29"  50^  ? 

2.  /n  A  B  D  ioJisuL  AD. 
• :  S,D  =  13e»  4^  =  9-8S6I771 

:    S,B=    !»•  acy  =  9*3681855 
::AB  =  424         =  2-€2736» 


AB  =  424 
AC  =  213 

log. 
log. 

log 
log. 

2) 

COS. 

2-6273659 
2-3283796 

BC  =  262 

4-9557455 

2^899 
449-5 
1875 

150442545 
2-6527297 
2-2730013 

14°  58'  33" 
2 

19-9699855 
9*9849927 

AD=  144-236=  21590741 


29°  57'    6*  =:  BAC 

3.  In  A  C  D  tojind  the  angle  C. 


AC  +  AD         =357-236 

A  C  —  A  D         =    68-764 
Tan  i  (D  -h  C)  =  60"    6'  27^ 

Tan  i  (D  —  C)  =  18*  30'  47* 


=  2-5529552 

=  1-8373611 

=  10-2404445 

=  9-5248504 


C  =  41*35'  4"  =  sapplement  of ibe 
angle  ACS,  and  also  tbe  exterior  angle  of  the  triangle 
ASC;  whence,  18Qf  —  ACD  =  ACS,  and  ACD- 
ASC  =  CAS. 

5.  /nACSro>Siu2ASaiidCS. 

:   S,S=  13*30'        =9-3681853 


4.  In  ASB  tojind  BS, 
S,S  =  43*  20'    =  9-8364771 


S,A  =58*  2' 46*=  9-9286387 
AB  =  424         =26273659 


B  S  =  524-236  =  2-7195275 


S,C=  13^  24'  20*  =9.8220784 
:  A  C=213-  =2-3a8SW6 

A  S=605-712 

S,S=18*  SO' 

S,A=28*6'  40^ 
:  AC=213- 

C  5=429-682 


=9-3681853 


=2-3283796 


=2-6331473 

Example  2. — ^There  are  three  objects  A,  B,  C,  Bf.  9,  the 
distances  of  which  from  one  another  are  as  follows : — AB  = 
314  yards,  A  C  =  280  yards,  and  B  C  =  326 ;  bow  te  an  I 
from  each  of  these  objects  at  a  station  S  without  the  Iriaagfe 


*  Tbe  angle  A B  D  b  eqnal  to  th«  olMerrwd  uigto  ASC, 
•tand  oa  the  aame  arc  A  P,  (BacL  ill.  91 ;)  for  the 
BSC. 
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ABC,  where  I  observed  the  angle  A S C  to  be  =:  25* 4^,  and 
BSC  =  23*e'? 

2.  The  distaocci  between  throe  objects  A,  B,  C,  (fig.  10,)  are 
as  follows  :~A  B  =  267  yards,  A  C  =  346,  and  B  C  =  209 ; 
mnd  the  angles  at  a  point  (S)  within  the  triangle  ABC,  sub- 
tended by  those  distances,  are  128^  40^,  140^,  and  91*  20^,  re- 
spectively ;  what  is  the  distance  of  the  point  S  from  each  of  the 
objects  ? 

3.  If  the  three  objects.  A,  B,  C,  as  seen  from  S,  be  sitoate 
as  in  fig.  12,  and  A  B  be  =  122-4  chains,  B  C  =:  73*6  chains, 
A  C  =:  81*8  chains,  and  the  angle  8  =  22*  44'  40^.  Reqoired 
the  distances  S  A,  S  B,  and  8  C  ? 

4.  If  the  three  objects,  A,  B,  C,  as  seen  from  8,  be  situate  as 
in  Hg.  13,  and  A  B  be  =  122*4  chains,  B  C  =  73*6,  A  CT  =  81*8, 
and  the  angle  A  S  C  =  110*.  R<;quired  the  distances  8  A,  8  B, 
8C? 

6.  If  the  three  objects,  A,  B,  C,  as  seen  from  8,  be  situate  as 
in  fig.  II,  and  A B  be  =  2&50  yards,  A  C  =  7000  yards,  the 
angles  A  8  B  =  25*  15',  and  B  S  C  =  35*  SO'.  Required  the 
distances  8  A,  8  B,  S  C  ? 

Problem  ^.^Tofind  ihedisiana  of  the  visible  horizon,  fig.  14. — 


Fig.  14. 


Jiule  I.  To  the  diameter  of 
the  earth  add  the  height  of  the 
eye,  and  to  the  logarithm  of 
the  sum  add  the  logarithm  of 
the  height  of  the  eye ;  then 
will  half  the  sum  be  tho 
logarithm  of  the  tangent  B  A, 
Trhich  is  nearly  the  same  with 
the  arc  D  A,  the  distance 
required. 

Hule  2.  To  half  the  loga- 
rith  of  the  height  of  the  eve, 
add  3*8104601,  and  the  sum 
will  be  the  logarithm  of  the  distance  required  in  feet ^  nearly. 

£jrafii;»^^.— Let  the  height  of  the*  eye  be  100  feet.  Required 
the  distance  of  the  visible  horizon  ? 

B^  Rule  1. 

Diameter  of  the  earth  +  100  =  41,775,460  feet   log.  7*6209213 
Height  of  the  eye =  100  feet  log.  2  0000000 

2)9*6209213 
Distance  reqoired  =      64633*9  feet   log.  4*8104008 

By  Rule  2. 

Constant  logarithm  =:  3*8104601 

Half  the  logarithm  of  100  =:  1*0000000 

Distance  required  =:  61633*9        =:  4*8104601 

HEIR,  in  Law,  the  person  who  sneceeds  another,  by  descent, 
to  lands,  tenements,  or  hereditaments. 

Heik,  Apparent^  is  a  person  so  called,  in  the  lifetime  of  his 
ancestor,  at  whose  death  he  is  heir  at  law.    See  Apparent. 

Heir  Presumptive,  is  one  who,  if  the  ancestor  should  die 
immediately,  would,  in  the  present  circumstances  of  things,  be 
heir :  but  whose  right  may  be  defeated  by  some  nearer  heir 
being  bom. 

Heir  Looms,  in  Law,  are  such  goods  and  personal  chattels, 
as,  contrary  to  the  nature  of  chattels,  shall  go  by  special  custom 
to  the  heir. 

HELIACAL,  as  applied  to  the  rising  of  a  star,  planet,  Sco. 
denotes  its  emerging  out  of  the  sun's  rays,  in  which  it  was 
belbre  hid.  When  applied  to  the  setting  of  a  star,  it  denotes 
the  entering  or  immerging  into  the  sun's  rays,  and  thus  liecom- 
ing  lost  in  the  lustre  of  his  beams.  A  star  rises  heli:ically 
wLen,  after  it  has  been  in  conjunction  uith  the  son.  and  on 
that  account  iuTisible,  it  gets  at  such  a  distance  from  the  sun 
as  to  be  seen  in  the  morning  before  the  rising  of  that 
luminary. 

HELIOCENTRIC  Place  or  s  Planet,  is  that  place  in  the 
ecliptic  in  which  the  pHnet  would  appear  if  viewed  from  the 
eeotre  of  the  sun;  and  consenuently  the  heliocentric  place 
coincides  with  the  longitade  or  a  planet,  as  viewed  from  the 
••me  centre. 

HiLiocENTRic  leltliuif  of  m  Plmiot,  is  the  iaeliBatioB  of  tiM 


line  drawn  between  the  centre  of  the  sun  and  the  centre  of  a 
planet,  to  the  plane  of  the  ecliptic. 

HBLIOCOMETES,  Comet  op  the  Sun,  is  used  to  denote  a 
phenomenon  which  sometimes  attends  the  setting  of  the  sun. 
It  is  thus  denominated  by  Sturmius,  who  had  observed  it« 
because  it  seems  to  make  a  comet  of  that  lumioary,  having  the 
appearance  of  a  large  tail  or  column  of  light  which  follows  the 
sun  at  his  setting,  mnch  in  the  same  manner  as  the  tail  of  a 
comet. 

HELIOMETER,  or  Astrometer,  is  the  name  given  by 
Bouguer  to  an  instrument  which  he  invented  for  measuring 
with  particular  exactness  the  diameter  of  the  sun,  moon,  and 
planets.  This  instrument  is  merely  a  telescope,  consisting  of 
two  object  glasses,  of  equal  focal  distance,  placed  by  the  side 
of  each  other,  bo  that  the  same  eye-glass  serves  for  Imth.  The 
tube  of  this  instrument  is  of  a  conical  form,  larger  at  the  upper 
end,  which  receives  the  two  object-glasses,  than  at  the  lower, 
which  is  furnished  with  an  eye-glass  and  micrometer.  Hence 
two  distinct  images  of  an  object  are  formed  in  the  focus  of  the 
eye-glass,  the  distance  of  which  depending  upon  that  of  the 
two  object-glasses  from  one  another,  may  be  measured  nith 
the  greatest  accuracy. 

HELIOSCOPE,  a  telescope  fitted  for  viewing  the  sun  with- 
out hurting  the  eyes. 

HELIX,  in  Geometry,  the  same  with  Spirml,  which  see. 

Hklix,  in  Natural  History,  the  Snail,  a  genus  of  the  vermes 
testacea  class  and  order*  It  is  used  in  many  parts  of  Europe 
as  food,  particularly  at  Rome  during  the  weeks  of  Lent,  where 
they  are  fattened,  and  grow  to  a  very'large  sice.  H.  Hortensis, 
garden-snail,  has  an  imperforate  shell,  globular,  pale,  with 
broad  interrupted  brown  bands;  this  species  inhabits  the  car- 
dens  and  orchards  in  most  parts  of  Europe  ;  it  abounds  with  a 
viscid  slimy  juice,  which  it  readily  gives  out  by  boiling  in  milk 
and  water,  so  as  to  render  them  tliick  and  glutinous,  and  the 
compound,  especially  with  milk,  is  reckoned  elficacious  in  ron- 
sumptive  cases.  Snails  arc  very  destructive  to  wall  fruit : 
lime  and  ashes  sprinkled  on  the  ground  will  keep  them 
away,  and  destroy  the  young  brood.  Fruit,  already  bitten, 
should  not  be  taken  off  the  tree,  for  they  will  not  touch  the 
other  till  they  have  wholly  eaten  tisis,  if  left  for  them.  The  cy  cs 
of  snails  are  lodged  in  their  horns,  one  at  the  end  of  each  horn, 
which  they  can  retract  at  pleasure.  Cutting  oil  a  snail's  head, 
a  little  stone  appears,  which  is  supposed  to  be  a  good  diuretic, 
and  excellent  in  all  nephritic  disorders. 

HELLEUORUS.  in  Botany,  English  hellebore,  a  genus  of  the 
polyandria  polygjnia  class  and  order.  Natural  order  of  Mul- 
tisiliquw,  Renunculacea*,  Jussieu.  There  are  seven  species. 
The  root  is  tuberous.  By  distillation  an  extremely  poisonous 
oil  is  obtained  from  it. 

HELM,  a  long  and  flat  piece  of  timber,  or  an  assemblage  of 
several  pieces,  suspended  down  the  hind  part  of  a  ship's  stern- 
post,  where  it  turns  upon  a  kind  of  hinges  to  the  right  or  left, 
serving  to  direct  the  course  of  a  vessel,  as  the  tail  of  a  fi>h 
guides  the  body.  The  hrlni  is  usually  composed  of  thice 
parts,  ri:,  the  rudder,  the  tiller,  and  the  wheel,  except  in  small 
vessels,  where  the  wheel  is  unnecessafy.  The  rudder  becomes 
gradually  broader  in  proportion  to  its  distance  from  the  top,  or 
Its  depth  under  water ;  the  back  or  inner  part  of  it,  which  joins 
the  stem-post,  is  diminished  into  the  form  of  a  wedge,  through- 
out its  whole  length,  so  as  that  it  mav  be  more  easily  turned 
from  one  side  to  the  otiier  when  it  makes  an  obtuse  angle  with 
the  keel.  For  a  description  of  the  hinges  which  support  it,  see 
the  articles  Googings  and  Piktles.  The  leuK^h  and  thick- 
ness of  the  rudder  is  nearly  enual  to  that  of  the  stern-po«t. 
The  tiller  is  a  long  bar  of  timber,  fixed  ):(»rizoiitally  in  the 
upper  end  of  the  rudder,  within  the  vessel ;  the  inovcments  of 
the  tiller  to  the  right  and  left  accordingly  direct  the  efforts  of 
the  rudder  to  the  government  of  tho  nhip's  course,  as  she 
advances;  which  is  called  steering.  The  operations  of  the 
tiller  are  fcuided  and  assisted  by  a  sort  of  tackle,  commanicat- 
ing  with  the  ship's  side,  called  the  tiller-rope,  which  is  usually 
composed  of  untarred  rope  yams,  for  the  purpose  of  travers- 
ing more  readily  through  the  blocks  or  pulle\  s.  In  order  to 
facilitate  the  management  of  the  helm,  the  tiller-rope,  in  all 
large  vessels,  is  wound  about  a  wheel,  which  acts  upon  it  with 
the  powers  of  a  windlass ;  the  rope  employed  in  this  service 
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being  con? eyed  from  the  fore-end  of  the  tiller  to  a  single  blook 
on  each  side  of  the  ship,  forms  a  commonioation  with  the 
wheel,  by  nlbans  of  two  blocks  suspended  near  the  mizsen- 
mast,  and  two  holes  immediately  above,  leading  up  to  the 
wheel,  which  is  fixed  upon  an  axis  on  the  ^narter-deck  almost 
perpendicalarly  over  tbe  fore-end  of  the  tiller.  Five  turns  of 
the  rope  are  usually  wound  about  the  barrel  of  the  wheel,  and 
when  the  helm  is  a-midship,  the  middle  turn  is  nailed  to  the 
top  of  the  barrel  with  a  mark,  by  which  the  helmsman  readily 
discovers  the  situation  of  the  helm ;  tbe  spokes  of  the  wheel 
generally  reach  about  eight  inches  beyond  the  rim  or  circum- 
ference, serving  as  handles  to  tbe  person  who  steers  the  ves- 
sel: as  the  effect  of  a  lever  increases  in  proportion  to  the 
length  of  its  arm,  it  is  evident  that  the  power  of  the  helmsman 
to  turn  the  wheel  will  be  increased  according  to  the  length  of 
the  spokes  beyond  the  circumference  of  the  barrel :  so  that  if 
the  helmsman  employs  a  force  of  thirty  pounds,  it  will  produce 
an  effect  of  from  ninety  to  one  hundred  and  twenty  pounds 
upon  the  tiller,  (the  barrel  being  i  or  |  of  the  radius  of  the 
spokes,)  which  again  forming  the  long  end  of  a  lever  10  or  16 
times  the  length  of  its  shorter  arm,  the  force  of  the  rudder  will 
by  consequence  be  from  10  times  90  to  15  times  120,  or  from 
900  to  1800  pounds.  When  the  helm  operates  by  itself,  the 
centre  of  rotation  of  the  ship  and  her  movements,  are  deter- 
mined by  estimating  the  force  of  the  rudder  by  the  square  of 
the  ship's  velocity. 

When  the  helm,  fnstead  of  lying  in  a  right  line  with  the  keel, 
is  turned  to  one  side  or  the  other,  as  in  B  D,  in  the  figure,  it 
receives  an  immediate  shock  from  the  water,  which  glides 
along  the  ship's  bottom  in  running  afi  from  A  to  B ;  and  this 


fluid  poshes  it  towards  the  opposite  side,  whilst  it  is  retained 
in  this  position :  so  that  the  stern,  to  which  the  rudder  is  con- 
fined, receives  the  same  impression,  and  accordingly  turns 
from  B  to  6  about  some  point  c,  whilst  the  head  of  the  ship 
passes  from  A  to  a.  It  must  be  observed,  that  the  current  of 
water  falls  upon  the  rudder  obliquely,  and  only  strikes  it  with 
that  part  of  its  motion,  which  acts  according  to  the  sine  of  inci- 
dence, pushing  it  in  the  direction  of  N  P,  with  a  force  which 
not  only  depends  on  the  velocity  of  the  ship's  course,  by  which 
this  current  of  water  is  produced,  but  also  upon  the  extent  of 
the  sine  of  incidence.  This  force  is  by  consequence  composed 
of  the  square  of  the  velocity  with  which  the  ship  advances,  and 
the  square  of  the  sine  of  incidence,  which  will  necessarily  be 
greater  or  smaller  according  to  circumstances';  so  that  if  the 
▼esse!  runs  three  or  four  times  more  swiftly,  the  absolute  shock 
of  the  water  upon  the  rudder  will  be  nine  or  sixteen  times 
stronger  under  the  same  incidence :  and  if  the  incidence  is 
increased,  it  will  yet  be  augmented  in  a  greater  proportion, 
because  the  square  of  the  sine  of  incidence  is  more  enlarged. 
This  impression,  or,  what  is  the  same  thing,  the  power  of  the 
helm,  is  always  very  feeble,  when  compared  with  the  weight  of 
the  vessel ;  but  as  it  operates  with  the  force  of  a  long  lever,  its 
efTorts  to  turn  the  ship  are  extremely  advantageous.  For  the 
helm  being  applied  to  a  great  distance  from  the  centre  of  gra- 
▼ity  G,  or  from  the  point  about  which  the  vessel  turns  horizon- 
tally, if  the  direction  P  N  of  the  impression  of  the  water  upon 
the  rudder  beprolonged,  it  is  evident  that  it  will  pass  perpen- 
dicularly to  R,  widely  distant  from  the  centre  of  gravity  G : 


thus  the  absolute  effort  of  the  water  it  Tery  powerfiiL  Itii  lol 
therefore  surprising,  that  this  machine  impresses  tbe  ship  wid; 
a  considerable  circular  movement  by  piuhini^  the  steni  from  B 
to  hj  and  the  head  from  A  to  a ;  and  even  mncb  fartlMr  wlule 
she  sails  with  rapidity,  because  the  effect  of  the  helm  always 
keeps  pace  with  the  velocity  with  which  the  Tesael  advaiwes* 

Amongst  the  several  angles  that  the  rndder  makes  with  the 
keel,  there  is  always  one  position  more  favourable  than  any  eC 
the  others,  as  it  more  rc^iadily  produces  the  desired  effect  of 
turning  the  ship,  in  order  to  change  her  coorae.  To  aseertaia 
this,  it  must  be  considered,  that  if  the  obliquibr  of  the  nidder 
with  the  keel  is  greater  than  the  obtuse  angle  A  BD«  so  as  to 
diminish  that  angle,  the  action  of  the  water  apon  the  mdder 
will  increase,  and  at  the  same  time  oppose  the  coorse  of  the 
ship  in  a  greater  degree ;  because  tbe  angle  of  incidenoe  wil 
be  more  open,  so  as  to  present  a  greater  surface  to  the  shock 
of  the  water,  by  opposing  its  passage  more  perpendienlaxly. 
But  at  that  time  the  direction  N  P  of  the  effort  of  the  helm  opoa 
the  ship  will  pass  with  a  smaller  distance  front  the  centre  of 
gravity  G  towards  R,  and  less  approach  tbe  perpeodicolar  N  L^ 
according  to  which  it  is  absolutely  necessary  that  the  power 
applied  should  act  with  a  greater  effect  to  tarn  the  vesscL 
Thus  it  is  evident  that  if  the  obtuse  angle  A  B  D  is  too  nich 
enclosed,  the  greatest  impulse  of  the  water  will  Dot  coanteibs* 
lance  the  loss  sustained  by  the  distance  of  the  direction  NP 
from  N  L,  or  by  the  great  obliquity  which  is  giTen  to  the  sane 
direction  N  P  of  the  absolute  effort  of  the  helm  with  the  keel  A  & 
If,  on  the  contrary,  the  angle  A  B  D  is  too  much  opened,  the  di- 
rection N  P  of  the  force  of  the  action  of  the  helm  will  baesas 
more  advantageous  to  turn  the  vessel,  becaose  it  will  approish 
nearer  the  perpendicular  N  L ;  so  tiiat  the  line  prolonged  frim 
N  P  will  increase  the  line  G  R,  by  removing  R  to  a  greater  dis- 
tance from  the  centre  of  gravity  G,  but  then  the  hete  viil 
receive  tbe  impression  of  the  water  too  obliquely,  for  tiie  asglt 
of  incidence  will  be  more  acute  ;  so  that  it  will  only  prsteata 
small  portion  of  its  breadth  to  the  shock  of  the  water,  and  by 
consequence  will  only  receive  a  feeble  effort  By  this  priadplt 
it  is  easy  to  conceive,  that  the  greatest  distance  6  R  fhni  fte 
centre  of  gravity  G,  is  not  sufficient  to  repair  the  diminnlioB  «! 
force  occasioned  by  the  too  great  obliquity  of  the  shook  of  til 
water.  Hence  we  may  conclude,  that  when  the  water  dikr 
strikes  the  helm  too  directly,  or  too  obliquely,  it  loses  a  great 
deal  of  the  effect  it  ought  to  produce.  Between  the  two  ex- 
tremes there  is  therefore  a  mean  position,  which  is  the  mail 
favourable  to  its  operations. 

The  diagonal  N  P  of  the  rectangle  I  L'represents  the  ahsohli 
direction  of  the  effort  of  the  water  npon  the  helm.  N I  ex- 
presses the  portion  of  this  effort  which  is  opposed  to  theship*! 
head-way,  or  which  pushes  her  astern,  in  a  direction  paralM 
to  the  keel.  It  is  easily  perceived  that  this  part  N I  of  tk 
whole  power  of  the  helm  contributes  but  little  to  the  turn  of  tk 
vessel;  for,  if  IN  is  prolonged, it  appears  that  Its  direetitB 
approaches  to  a  very  small  distance  G  V  from  the  centn  of 
gravity  G ;  and  that  the  arm  of  the  lever  B  Nz=6  Y,  tovhiok 
the  force  is  applied,  is  not  in  the  whole  more  than  equal  tohiif 
the  breadth  of  the  rudder:  but  the  relative  force  NL,whicl 
acts  perpendicular  to  the  keel,  is  extremely  different.  If  tk 
first  N I  is  almost  useless,  and  even  pernicious,  by  retaidiB| 
the  velocity ;  the  second  N  L  is  capable  of  a  very  great  tfiecl» 
because  it  operates  at  a  considerable  distance  frooi  tk 
centre  of  gravity  G  of  the  ship,  and  acts  upon  the  ana  eft 
lever  G  £,  which  is  very  long.  Thus  it  appears,  that  befveea 
the  effects  N  L  and  N  I,  which  result  from  the  absolute  eflait 
N  P,  there  is  one  which  always  opposes  the  ship's  coorsSi  asd 
contributes  little  to  her  motion  of  turning ;  whilst  the  othv 
produces  only  this  movement  of  rotation,  without  operatiig  tt 
retard  her  velocity. 

Geometricians  have  determined  thr  m^st  fidvsntagmmsagk 
made  by  the  helm  with  tbe  line  prolonged  from  the  keeW  sm 
fixed  it  at  54^  44',  presuming  that  the  ship  is  as  narrow  at  her 
floating-line,  or  at  the  line  described  by  the  aorface  of  the  water 
round  her  bottom,  as  at  the  keel.  But  as  this  sappositioa  is 
absolutely  false,  in  as  much  as  all  vessels  augment  theirbreadth 
from  the  keel  upward  to  tbe  extreme  breadth,  where  tbe  flmt- 
ing-line  or  the  highest  water-line  is  terminated ;  It  foQows  that 
this  angle  is  too  large  by  a  certain  number  of  degrees*  For  tbe 
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roddter  is  inpretsed  by  tlid  water*  at  the  heif  bt  of  tbe  loatiiig- 
line,  more  directly  than  at  the  keel,  beoaase  tbe  floid  exactlr 
fellows  the  horisontal  oetlines  of  the  bottom ;  80,that  a  partt- 
enlar  position  of  the  helm  might  be  supposed  neoesaary  for 
each  difereot  incidence  which  it  eneonnters  flrom  tbe  keel  op- 
wards.  Dot  as  a  middle  position  may  be  taken  between  all 
these  points,  it  will  be  safficient  to  consider  the  angle  formed 
by  the  sides  of  the  ship,  and  her  axis  or  the  middle  Hne  of  her 
length,  at  the  surface  of  the  water,  in  order  to  determine  after- 
wards the  mean  point,  and  the  mean  angle  of  incidence. 

It  is  erident  that  the  angle  64^  44'  is  too  open,  and  very  on- 
iaYoerable  to  tbe  ship's  head-way,  becaase  the  water  acts 
upon  the  rudder  there  with  too  great  a  sine  of  incidence,  as 
being  equal  to  that  of  the  angle  which  it  makes  with  tbe  lioe 
prolonged  from  the  keel  below :  but  above  tbe  shock  of  the 
water  is  almosl  perpendicular  to  the  rudder,  because  of  the 
breadth  of  the  bottom,  as  we  have  already  remarked.  If  then 
tbe  rudder  is  only  opposed  to  the  floid,  by  making  an  angle  of 
4dP  with  the  line  prolonged  from  the  keel,  tbe  impression,  by 
becoming  weaker,  will  be  less  opposed  to  the  ship's  head- 
way, and  the  direction  N  P  of  the  absolute  effort  of  the  water 
open  the  helm  drawing  nearer  to  the  lateral  perpendicular, 
wiil  be  placed  more  adTantageously,  for  the  reasons  aboTc 
VMntioned.  On  the  other  hand,  experience  daily  testifies,  thst 
m  shin  steers  well  when  the  rudder  makes  the  angle  D  B 
equal  to  35P  only. 

It  has  been  already  remarked,  that  the  effect  of  moving  the 
wheel  to  govern  the  behn  increases  in  proportion  to  tbe  length 
of  the  spokes ;  aod  so  great  is  the  power  of  the  wheel,  that  if 
tbe  helmsman  employs  a  force  upon  its  spokes  equivalent  to  30 
poonds,  it  will  produce  an  effect  of  90  or  190  pounds  upon  the 
tiller.  On  the  contrary,  the  action  of  the  water  is  collected  into 
the  middle  of  the  breadth  of  the  rudder,  which  is  very  narrow  in 
coaparison  with  the  length  of  tbe  tiller ;  so  the  effort  of  the 
vrater  is  very  little  removed  from  the  fulcrum  B  upon  which  it 
tarns ;  whereas  the  tiller  forms  the  arm  a  lever  10  or  16  times 
longer,  which  also  increases  the  power  of  the  helmsman  in  the 
anne  proportion  that  the  tiller  bears  to  the  lever,  upon  which 
tbe  iflspulse  of  the  water  is  directed.  This  force  then  is  by  con- 
seofience  10  or  16  times  stronger ;  and  the  effort  of  30  pounds, 
wfajeh  at  first  gave  the  helmsman  a  power  equal  to  90  or  120 
pounds,  becomes  accumulated  to  one  of  900  or  1800  pounds 
epoa  the  rudder.  This  advantage  then  arises  from  the  short- 
Deaa  of  tbe  lever  upon  which  the  action  of  the  water  is  impress- 
ed, and  the  great  comparative  length  of  the  tiller,  or  lever,  by 
which  the  rudder  is  governed ;  together  with  the  additional 
power  of  the  wheel  that  directs  the  movements  of  the  tiller, 
•od  still  farther  accumulates  the  power  of  the  helmsman  over 
it.  Soeh  a  demonstration  ought  to  remove  tbe  surprise  with 
wkieb  tbe  prodigious  effect  of  the  helm  is  sometimes  considered 
from  an  inattention  to  its  mechanism ;  for  we  need  onlv  to  oh- 
ier?e  the  pressure  of  the  water,  which  acts  at  a  great  distance 
IhNB  the  centre  of  gravity  O,  about  which  the  ship  is  supposed 
to  turn,  and  we  shall  easily  perceive  the  difference  there  is  be- 
tween the  effort  of  the  water  against  the  helmsman,  and  the 
effect  of  the  same  impulse  against  the  vessel.  With  regard  to 
tbe  person  who  steers,  the  water  acts  only  with  the  arm  of  a 
very  short  lever  N  B,  of  which  B  is  the  fulcrum :  on  the  con- 
trary, with  regard  to  the  ship,  the  force  of  the  water  is  impress- 
ed in  the  direction  N  P,  which  passes  to  a  great  distance  from 
0«  and  acts  open  a  very  long  lever  B  G,  which  renders  the 
sctiott  of  the  rudder  extremely  powerful  in  turning  the  vessel ; 
ao  that,  in  a  large  ship,  the  rudder  receives  a  shock  from  the 
water  of  3700  or  2900  pounds,  which  is  frequently  the  case 
wben  she  sails  at  the  rate  of  three  or  four  leagues  by  the  hour ; 
mmd  tbb  force  being  applied  in  E,  perhaps  100  or  110  feet  dis- 
tant from  the  centre  of  gravity  O,  will  operate  open  the  ship, 
to  turn  her  about,  with  270,000  or  309,000  pounds ;  whilst,  in 
tbe  latter  ease,  the  helmsman  acts  with  an  effort  which  exceeds 
■ot  30  pounds  upon  the  spokes  of  the  wheel. 

After  what  hss  been,  said  of  the  helm,  it  is  easy  to  judge, 
tbat  tbe  more  a  ship  inoreases  her  velocity  with  regard  to  the 
aea^  the  more  powerful  will  be  tbe  effect  of  tbe  rodder ;  be- 
caaae  it  acts  against  the  water  with  a  force,  which  increases  as 
tbe  square  of  the  swiftness  of  tbe  fluid,  whether  the  ship  ad- 
os retfeats,  or,  in  other  words,  whether  she  has  bead- 
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way  or  stern-way ;  with  tbia  distiaetioBt  tbat  in  these  two  dr- 
cnmstances  the  effects  will  be  eontrary.  For  if  tbe  vessel 
retreats,  or  moves  astern,  tbe  behn  wiH  be  impressed  from  1  to 
N  ;  and  instead  of  being  poshed,  aceonKng  to  N  P,  it  will  re- 
ceive the  effort  of  the  water  tnm  N  towards  R ;  so  tbat  tbe 
stem  will  be  transported  to  the  same  movement,  and  tbe  bead 
turned  in  a  contrary  direction. 

HELMET,  an  ancient  defensive  armonr,  worn  by  hortemea 
both  in  wsr  aod  in  tournaments,  which  covered  both  tbe  bead 
and  face,  leaving  only  an  aperture  in  the  front  secured  by  bare 
which  was  called  the  visor.  It  is  still  need  in  beraldrT  by  way 
of  crest  over  the  shield  or  coat  of  arms,  to  express  the  differ- 
ent degrees  of  nobility  by  the  different  manner  in  whiob  it  ia 
borne.  Thus,  a  helmet  in  proflle  is  given  to  gentlemen  and 
esquires ;  to  a  knight  the  helmet  standing  forward  mud  tbe 
beaver  a  little  open ;  the  helmet  in  profile  and  open,  with  bars, 
belongs  to  all  noblemen  under  the  degree  of  a  duke :  and  the 
helmet  forward  and  open,  with  many  bars,  is  assigned  to  kings, 
princes,  and  dokes. 

HEMISPHERE,  in  Geometry,  is  one-half  of  a  globe  or 
sphere,  formed  by  a  plane  passing  through  its  centre. 

HsMisfHERR,  in  Astronomy,  is  particularlv  used  to  denote 
one-half  of  the  sphere,  as  separated  by  the  plsoe  of  theeqaa- 
tor;  that  situated  towards  the  north  pole  being  called  the 
northern,  and  the  other  the  southern  hemisphere.  The  boriaon 
also  divides  the  sphere  into  two  hemispheres,  the  lower  and  Ibe 
upper ;  the  latter  being  that  half  which  has  the  senitb  for  its 
vertex,  the  former  having  the  nadir  in  its  vertex. 

We  have,  in  this  work,  given'  two  hemispheres  of  tbe  celes- 
tial regions,  exhibiting  all  the  stars  and  constellations  exaetlv 
as  they  oppear  in  nature :  the  whole  of  tbe  stars  having  tbenr 
right  ascension  and  declination  competed  for  the  present 
century. 

Hbmisphbrr  is  also  used  for  a  map  or  projection  of  half  the 
terrestrial  globe,  or  half  tbe  celestial  sphere  on  a  plane.  These 
are  also  frequently  called  PltnUpkeru, 

HEMISTICH,  in  poetry,  denotes  half  a  verse,  or  a  verse 
not  completed. 

HEMP.  Set  Cannasis.  The  cannabis  sativa,  or  hemp 
plant,  is  cultivated  on  account  of  its  external  filaments, 
which  constitute  the  hemp  used  for  cordage,  canvass,  doth,  be. 
and  the  seeds  abound  with  oil.  Tbe  operations  of  barling, 
watering,  breaking,  swingling,  and  heckling  hemp  are  very 
much  like  those  practised  in  tbe  dressing  of  flax. — The  hemp 
imported  into  this  country  chiefly  comes  from  Russia.  The 
best  hemp  should  be  clean,  soil,  tender,  of  long  staple,  and 
a  sound  palish-yellow  colour,  neither  green  nor  red.  Many 
experiments  have  been  made  open  the  relative  strength  and 
utility  of  the  nettle,  the  hop,  tbe  aloe,  the  yucca,  the  barlu  of 
the  mulberry  and  bread-fruit  tree,  and  many  other  vegetable 
fibres  for  the  production  of  thread,  cloth,  and  paper,  yet  is  the 
hemp,  tbe  flax,  and  tbe  cotton  superior  to  them  all,  not  only 
on  account  of  their  abundance  and  easv  culture,  but  from  the 
very  superior  strength  and  fineness  of  their  fibres  ander  all 
chnnges  of  circumstance. 

The  hemp  being  the  larger  and  stronger  plant,  yields  the 
longest,  coarsest,  and  strongest  fibres,  and  is  usually  employed 
in  forming  all  kinds  of  ropes  and  cordage,  coarse  cloth  and 
sacking ;  notwithttsnding  which,  if  properly  dressed  and  ma- 
naged, a  white  linen  may  be  produced  from  it  very  little  in- 
ferior in  texture  to  that  of  flax,  and  certainly  superior  in 
dorability.  Flax,  on  tbe  contrary,  being  a  more  tender  and 
delicate  plant,  produces  a  finer  fibre  by  ordinary  treatment,  and 
is  used  for  the  finer  fabrics  of  thread,  linen,  and  easbrie. 

The  fiax  plant  (JLtmcaiof  Linnsras)  is  an  annual,  requiring 
to  be  sown  with  seeds  of  the  last  year's  prodoet,  frtMi  tbe 
second  week  in  March  to  the  middle  of  April.  It  pcelbrs  a 
free  open  loam,  which  is  neither  sobjeot  to  too  mneb  wet  or 
drougnt ;  is  certain  of  producing  a  good  crop  on  new  groaad, 
and  will  generally  thrive  on  any  soil  which  is  proper  lor  bar- 
lev  or  oats.  It  remains  in  the  ground  till  tbe  end  of  Jaly,  or 
middle  of  August,  when  it  ripens,  and  is  fit  for  palling,*  (un« 
less  it  should,  from  circumstanees,  be  desirable  to  keep  It  Ibr 
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seed  only,)  and  may  be  anoeeeded  by  a  crop  of  wheat  or  tor'- 
nips»  for  which  it  is  an  ex(!«ilent  preparation.  It  may  alao  be 
sown  to  advantage  with  olover  seeds,  which  will  then  snooeed 
it  as  an  after-crop.  Uemp(Cannmbii  taiiva)  is  a  mocb  more 
rank  and  coarse  plant,  growing  from  six  to  sixteen  feet  in 
height,  and  is  more  or  less  common  in  all  conntries.  It  is, 
however,  chiefly  caltivated  in  the  northern  parts  of  Europe, 
wbenoe  it  is  largely  imported  into  England.  It  thrives  well  in 
England;  and  English  hemp,  when  properly  manafacttired,  is 
fonnd-more  compact,  strong,  and  durable  than  that  of  Russia. 
It  jhonld  be  sown  aboot  the  same  time  as  flax,  in  a  deep,  rich, 
and  moist  soil,  on  which  account  the  Isle  of  Ely  and  the  fens 
of  Lincolnshire  are  particularly  faTonrable  to  its  growth.  Like 
flax,  when  snflioiently  ripe,  it  is  not  out,  but  pulled  up  root  and 
all,  on  which  account  botli  these  plants  leave  the  soil  parti- 
cularly clean. 

The  fibre  is  situated  between  the  interior  wood  and  exterior 
bark  of  each  stalk,  and  was  till  lately,  always  obtRined  by  an 
aqueous  decomposition,  or  by  rotting  away  the  wood  and  exte- 
rior bark  by  Exposure  to  moisture,  since  the  fibre  itself  (though, 
no  doubt,  somewhat  injured  by  the  process)  has  sufficient 
strength  and  durability  to  withstand  it  in  a  great  measure. 
The  process  of  rotting  away  the  woody  from  the  fibrous  parts 
of  plants,  though  one  of  extreme  antiquity,  has  proved  ex- 
trenioly  detrimental  to  the  health,  not  only  of  the  inhabitants, 
but  injurious  to  the  cattle,  of  those  countries  in  which  it  is  car- 
ried on  to  a  considerable  degree.  It  becomes  the  source  of 
many  pestilential  diseases,  among  which  perhaps  the  Malaria, 
so  prevalent  in  the  vicinity  of  Rome  and  Naples,  may  be 
numbered ;  besides  which,  since  flax  and  hemp  ripen  about  the 
month  of  August,  and  require  to  be  submitted  to  this  process 
as  soon  as  they  are  taken  from  the  ground,  or  at  least  before 
they  dry,  the  farmer's  attention  becomes  necessary  to  them 
when  his  time  is  most  Taluable  and  can  least  be  spared,  namely, 
in  the  time  of,  or  immediately  antecedent  to,  his  corn  harvest. 

The  product  to  be  expected  from  the  growth  of  flax  is  of  two 
kinds,  viz.  The  seed  for  oil  and  sowing,  and  the  fibre  for  spin- 
ning. These  are  nearly  equal  in  value,  and  it  has  been  usual 
for  cultivators  to  govern  their  operations  by  the  kind  of  crop 
which  is  produced ;  thus,  if  it  grows  short  and  branchy,  the 
seed  will  be  more  valoable  than  the  flax,  which  consequently 
should  not  be  disturbed  until  that  seed  is  perfectly  ripe ;  while, 
on  the  contrary,  if  it  proves  tall,  and  has  not  fallen,  the  seed 
(although  not  ripe)  is  excellent  food  for  cattle,  and  must  be 
threshed  oat  as  perfeotly  as  possible,  and  the  remainder  sacri- 
ficed to  the  fibre.  A  very  good  machine  for  threshing  out  flax 
in  this  state,  was  inventea  by  Mr.  Cleall,  and  will  be  found 
described  in  the  Transactions  of  the  Society  for  the  Encourage- 
ment of  Arts  and  Sciences,  London,  vol.  xxv.  p.  143. 

The  operation  of  rotting,  or,  as  it  is  generally  called.  Water 
Retting  Flax  and  Hemp,  is  one  of  considerable  nicety,  and 
haaard  to  the  cultivator,  on  which  account  it  has,  in  all  proba- 
bility, proved  a  much  greater  barrier  to  the  cultivation  of 
these  useful  plants  in  England,  than,  the  alleged  exhaustion 
of  soil,  or  any  other  cause  ;  for  its  perfection,  and  the  period 
when  it  should  cease,  depend  on  several  fortuitous  circum- 
stances, which  may  dispose  the  woody  matter  of  the  stem  to 
decompose  vrith  greater  or  less  facility.  Thus  it  will  be  in- 
fluenced by  the  strength  and  vigour  of  the  plant,  the  moisture 
or  dryness  of  the  season,  the  temperature  of  the  air  during 
the  process^  as  well  as  the  soil  from  which  the  plant  is  pro- 
duced^ If  the  operation  is  carried  too  far,  not  only  the  woody 
matter,  bat  the  fibre  also,  will  be  destroyed  or  injured,  and  if  not 
far  enoai^it  has  generally  been  thought  that  the  flax  will 
not  dress :  and  tins,  after  a  good  crop  has  been  produced,  it 
may  bemaeh  injured,  if  not  spoiled,  in  the  incipient  stage  of 
its  m«B«iaeture. 

The  steeping  or  watering  of  flax  is  most  commonly  per- 
foraied  in  artificial  ponds  or  canals,  excavated  by  the  sides  of 
rivers,  and  goierally  about  40  feet  long,  6  feet  wide,  and  4 
deep,  a  sufficient  sise  to  admit  the  produce  of  an  acre  of  land 
at  onee.  Slaioea  are  so  disposed,  that  the  contained  water 
may  at  any  time  be  let  oflT,  and  a  fresh  quantity  of  watery 
which  abould  be  soft,  admitted.  These  canals  should  be  ex- 
posed to  the  son,  which  assists  the  decomposition.  The  fresh- 
gathered  flax  being  tied  in  bandies  or  handfuls,  is  carefully 


planed  in  these  reservoirs,  the  svperior  baodiai  oasaiag  Aase 
which  were  first  deposited  to  sink ;  and  in  thia  vray  each 
reservoir  is  filled,  bat  sot  to  such  a  degree  as  to  force  any  nart 
of  the  flax.tovtooeb  the  bottom;  and  when  filled,  the  msle 
surface  is  covered  with  close  hurdles  or  boards,  and  aofleieiilly 
loaded  with  stones  to  cause  every  part  of  the  flax  to  be  andcr 
the  surface  of  the  water.  In  this  state  it  is  left,  and  oeca- 
sioually  examined,  to  ascertain  how  far  the  process  of  deeoa- 
position  is  completed,  which  will  generally  be  within  a 
fortnight.  The  bundles  of  flax,  which  have  by  this  time  beoome 
very  tender  and  difficult  to  handle,  are  now  to  be  takes  oat 
on  boards  or  trays,  and .  removed  on  to  the  Dearest  Ami 
grass  or  heath,  where  they  are  regularly  disposed  io  rows  to 
loose  their  moisture,  and  in  which  situation  they  reoeive  aa 
additional  preparation  from  the  evening  dews  and  oeratieasi 
showers  completing  the  decomposition,  and  at  the  sasw 
time  washing  away  the  slime  and  mucilage  with  which  they 
are  mixed.  This  last  exposure  is  called  dew-retting,  and 
continues,  according  to  the  state  of  the  atmosphere,  for  foor 
or  five  weeks,  or  until  the  flax  is  as  dry  as  it  can  be  got,  of  a 
clear  good  colour,  and  all  tlie  woody  matter  which  remains  is 
perfectly  brittle.  The  fibre  will  still  retain  most  of  its  origiail 
tenacity,  if  the  operation  has  been  carefiilly  and  skilAilly  cos- 
ducted.  It  is  then  carried  away,  like  hay,  on  a  fine  dry  day, 
and  deposited  in  barns,  being  now  ready  for  the  next  process, 
called  breaking  and  dressing.  | 

So  soon  as  a  reservoir  is  emptied  as  above  deseribed.  its 
water  is  let  off,  of  course  in  a  very  potrid  and  anwbolesoat 
state.  The  basin  is  washed  out ;  a  new  quantity  of  wator  is 
admitted,  which  is  now  ready  to  reoeive  a  fresh  <dmigs  sf 
flax.  The  rivers,  by  receiving  this  water,  particalarly  if  bcaqp 
has  been  steeped  in  it,  become  contaminated ;  their  fish  are 
killed ;  the  cattle  refuse  to  drink  it ;  and  the  atmospboe 
around  is  filled  with  noxious  vapours,  most  detriraeatal  ts 
the  health  of  the  inhabitants. 

The  breaking  of  flax  is  the  separation  of  what  is  tedinicaliy 
called  the  Boon^  or  woody  matter,  from  the  HmrU^  or  oseM 
fibre ;  and  this  may  be  eflected  in  a  variety  of  ways.  It  it 
done  in  mills  by  machinery,  and  by  hand,  and  in  aJsNst  al 
cases  is  very  effectually  performed  by  a  set  of  blaot  iron  teelb 
or  breakers,  fixed  upon  one  piece  of  wood,  and  met  by  aastbtf 
similar  set  of  teeth  fixed  to  a  moveable  pieoe,  which  is  woiked 
by  the  one  hand,  while  the  flax  in  handfuls  is  iatrodseed 
between  these  teeth  iu  various  directions  with  the  other  band. 
This  breaks  and  knocks  off  the  greater  part  of  the  vrood  ia  saisH 
fragments,  called  chaff,  and  the  operation  is  completed  ky 
seutehinff  or  beating  the  flax  against  a  smooth  post  eaBH  i 
scutching  post,  and  also  beating  it  with  an  instmmeat'soas- 
wbat  resembling  a  curry»comb,  and  sailed  a  hand  sooteh,  by 
which  the  few  remaining  fragments  of  wood  or  boon  tie 
taken  away,  and  nothing  but  the  long  fibre  remains,  wUdi 
is  now  to  be  hackled,  or  drawn  by  the  hand  OTor  a  species  «f 
comb,  having  a  gpreat  number  of  very  sharp  lon|^  and  peipcsd^ 
cular  steel  points  upon  it,  by  which  any  remaining  boon  tmi 
the  short  fibres  or  tow  are  removed,  and  the  long  fibres  wUek 
remain  are  regularly  disposed,  and  ready  to  pass  into  tie 
hands  of  the  spinner. 

Flax  and  hemp  have  obtained  the  character  of  beiag  very 
impoverishing  crops  to  the  land  which  bears  them, 'and  nnf 
deservedly  so.  For  while  every  other  crop  BMikea  a  retain  ts 
the  land,  either  of  its  roots  or  branches  to  deeay,  and  foras 
manure,  or  becomes  matter  of  animal  food ;  these  make  notai^ 
return,  at  least  to  their  own  Jand. 

But  although  the  above  methods  are  still  praetised  on  the  em 
tinent,  it  has  been  diseoveied,  that  the  proeess  of  steepi^f sad 
dew-  retting,  as  applied  to  flax  and  hemp,  is  wholly  onnecetmiy ; 
and  that  these  vegetables  will  not  only  dress,  hot  will  prsdaee 
ap  equal,  if  not  greater  ouantity  of  more  dorable  mid  se^ 
viceablc  fibre,  when  treated  in  the  dry  way,  than  when  expoesi 
to  the  tedious,  difficult,  and  precarions  process  which  has  been 
above  described ;  and  it  is  to  be  lamented,  that  a  dtseoveiy  ef 
so  much  national  importance,  made  in  this  country,  sboold  set 
hitherto  have  been  recorded  and  described  in  any  of  her  joor- 
nals  or  archives  of  science. 

This  discovery  was  first  given  to  the  world  b^  Jss.^Lee,  Bsq* 
formeriy  of  Old  Ford,  in  Essex,  and  latterly  of  M eitoa  Abbey 
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Flu  MiUi,  bo  hK*i>c  oUaiMd  >  patoBt  for  Ui  praoMi  in  ISia, 
Wider  the  ilDKolar  protcctioD  of  A  apecUl  aot  cf  PaiUwueBt, 
whioh  pomitted  the  •pealGoklloii  oT  tlmt  patMtt  ivMndon  to 
veMaiii  imM  np  for  M««a  jvmn,  oontrmrr  lo  tke  ^aenl  prmv 
tfco  in  Hoh  cuiei. 

Anoxic  ihs  mora  valuaUo  eoMomitamts  of  thi*  diieo* oiy, 
an  thtt  oireaiuUMaei  of  the  ouxiou  vapoara  and  nahealthy 
enploTnent  Kttendsat  apoo  tbo  fbnner  proeeu  of  fleeplnir 
lax  boinK  remoied,  a*  well  ■■  the  aopplj  of  ao  abandaoee  of 
in-door  wiater  aaplojwent,  beioK  produced  io  the  bieakioK 
■ad  prrparatioD  of  flks  for  tpinnlBR,  when  it  ha*  been  thus 
huflbanded,  and  which  may  be  retorted  to  at  all  convenient 
ttonei.  whed  Ibe  (arminit  laboorera  and  servanta  are  shut  oat 
from  other  work  by  the  inderaeBCf  of  aeaaou  or  other  causes ; 
and  thu4  it  is  presnmed  a  now  toorce  of  aclire  and  lucrative 
«mplofment  Js  beld  out  to  the  British  farmer,  by  the  adoption 
of  which,  he  may  in  a  few  jean  I>e  in  Ibe  receipt  of  that  im- 
mense capital  which  is  now  paid  to  foreign  coantriea  upoa  ihe 
importalion  of  llax  nod  bemp. 

The  nachioer)'  to  be  used  for  breakiDf  and  mannfaclnrinfc 
tbe  Dax  and  hemp  prepared  b;  bis  dry  method,  so  far  as  it  ha* 
came  before  tbe  public  in  iho  use  of  Ur.  Lee's  pateot  proceii. 
docs  not  appear  to  ha*e  fully  answered  hfa  parpoM :  for  we 
fiod  that  a  few  years  since  he  obtalood  another  patest  for 
other  machinery  aod  procestet  not  tndnded  in  tbe  Grsi, 
and  of  which  the  specification  Is  notproleeled  bylha  same 
aecrtcy  of  enrolment.  He  tbtu  appears  to  baTt  been 
Bade  fa)I][  *atis6ed,  by  aaperienee,  of  the  inoapadiy  of  his 
•rst  marhiaes  to  nrodoee  mnch  work,  and  Ihereforo  now 
abaodons  them,  and  performs  bis  wttole  operation  by  meant 
of  a  series  of  small  iron  fluted  roller*,  combiaed  by  pairs  in 
frame-work.  wotkioK  in  each  other's  teelh  or  projcclioni,  (a* 
shewn  In  (he  plate  of  Mills.)  and  made  to  press  or  bear  upon 
each  other  in  any  a*si(;ned  decree,  and  so  a*  to  admit  lar|cer 
or  smaller  cbari:es  of  Dux  between  theas,  by  means  of  IcTcr* 
and  weights  ;  and  althoagb  the  application  of  sach  fluted  rol- 


BO*el,  iDiCcoioo*,  aod  perfectly  answers  the  purpose. 

Instead  of  osinf  one  or  two  pair,  as  nsaal,  he  propoies  to 
dispose  a  number  of  single  pairs  of  rollers  by  the  aide  of  each 
other.  ba*inf  them  all  kept  In  motion  at  once  by  a  water 
wheel  or  other  prime  motor ;  and  instead  of  passing-  the  flaz 
throa^b  them  in  its  natorti  atraicbt  Uum,  it  is  entered  helwceo 
Ibem.  and  as  soon  at  the  ends  appear,  and  eome  oat  on  Ihe 
opposite  side  of  tbe  rollers,  those  end*  whieh  are  foIlowfoK 
are  intermixed  or  overlayed,  or,  as  It  It  technically  called, 
luiM  m  to  the  first,  to  ai  to  form  a  cirralar  hoop  or  skein  nf 
flax,  «hicb  hatioi;,  as  it  were,  no  ead,  wilt  coatinae  to  retoWc 
between  Ihe  rollers  for  any  len|tih  of  time. 

The  importance  of  a  cheap,  effeotire,  and  expedilions  mode 
of  breakiaf;  and  preparinfc  raw  Bax  and  hemp,  is  snob,  that  It 
eanaot  be  a  matter  uf  turprise,  that  many  in|[eoiaut  uecha- 
nict  shoold  have  turned  their  attention  lo  this  sabjecl.  Several 
■odds  of  macbines  for  this  pnrpose  hare  been  ioiented.  parti- 
cularly by  Bond  and  Duraod,  which  will  be  found  described  in 
tbe  Transaclions  of  the  Society  for  Ihe  BocouraRemenI  of  Arts, 
Uaaofacturet,  and  Commerce,  toI.  -J6,  p.  IA3.  and  lul.  31, 
p-  909;  and  especially  those  of  Messrs.  Hill  and  Bund]',  of 
Camdea  Town.  London,  for  which  Mr.  Bondv  obtained  a 
paieai  for  Great  Britain  and  France,  and  which,  from  Ibe 
novelty  of  their  actions  and  motions,  and  the  very  speedy  and 
cflcacions  mannei  in  which  they  perform  their  won,  deserve 
to  be  ptrticolarly  noticed. 

These  maohiaes  are,  a  Breaker  and  a  Robber. — Tba  Irat 
bainji  for  tbe  purpose  of  teparatioK  Ihe  harle  from  the  boon,  at 
BUal,  but  by  a  new  prooeas  :  the  latter  for  rubbioc  and  tnb- 
dividiiuc  Ihe  fibrea  to  at  to  prodnce  it  in  its  invalett  atalo  of 
perfection,  and  finally  cleansing  it  before  it  Koet  to  the  hack- 
Ur.  TbebreakinK  machine  will  be  first  described,  as  it  It  to  bt 
Aral  used,  and  it  will  appear,  that  although  it  ooniists  cUaly 
of  Bated  or  tnotlied  cylinders,  yet  it  varies  from  all  othac 
maabines  for  tiie  tame  pnrpose,  which  have  preceded  it,  by  the 
iaeqnalitj  of  the  depth  o/  its  Ireib,  Ibe  pity  or  apaco  whieh 
«d*ttbatweeB--"'-""^    -' ' "    "^  — 


MOlioB   of 


een  one  looih  and  aooibei,  and  in  tbe  rcciprocatiog 
the    cjliadcTi  oombiaod  with  tbeir   yrocnaatve 


DO,  laitnd  of  it*  belK  pracraHlto  only,  at  i«  all  bmav 
>;  by  iheao  neao*  ue  bapplett  effoela  are   prodaeed. 

Tho  aimpio  nuimer  in  wUtA  lUt  oompin  motion  i*  brooRht 

aboat,  ralleeU  Um  Ui^ettoredit  a  tbe  moobanioal  akill  of  Mr. 

Bundy,  Ihe  inventor,  not  only  of  iheM  roacbioet.  bnl  of  «aay 

others  of  equal  inseouity. 

Fif.  1. 


Fig.  1  represmls  a  side  view  of  the  hreakinK  machioe  on  a 
scale  of  ahnot  hnlf  an  inch  lu  a  foitt  The  framinf ,  A,  it  of 
timber,  «hlch  serves  to  support  the  five  brcaldng  eytindera 
marked  Ct  DEE,  tumingon  pivots.  CD  and  e  move  in  brass 
beaHoga,  fixed  upon  the  hoards  or  supports  B,  on  the  two 
oppotite  sides  of  the  roaehine,  while  B  E  merely  lay  above  aod 
between  CD  and  Dc,  ai»d  are  drawn  down  to  these  by  iwo 
rods,  at  aeen  at  F  F.  The  lower  ends  of  these  are  joined  hy 
a  eonneolirig  bar,  and  aoolber  rod  prcceeds  downwards,  ita 
lower  end  being  fixed  by  a  double  adjusting  nut  G,  near  the 
pin  or  fulcrum  H,  of  tbe  lever  or  pretser,  H,  I,  which  is  loaded 
with  a  weight  J.  There  is  a  siniiter  lever  on  each  side  of  tbe 
machine,  to  hear  down  Ibe  four  ends  or  pivots  of  tbe  two  rollera 
E  E,  and  tbe  ends  of  these  levers  nearest  I,  are  nnited  with  a 
cross  bar,  by  means  of  whIeh  one  weight.  J.  arts  on  tbrm  hath, 
and  is  made  lo  press  equally  by  an  adjoaling  out  aod  screw, 
on  eaeb  side,  like  O.  K  L  is  a  lever  placed  under  tlie  machine, 
one  end  at  whirh  is  attaclM-il  lo  tbe  weight  J,  in  inch  manner 
that  by  presaing  down  Us  mil  h.  J  is  raised,  and  all  pressure  is 
instantly  prevented  helwcen  tlie  saperior  cylinder*  E  E,  aod 
those  under  Ibem  at  CDe,  for  stopping  the  operation  of  Ibe 
machine  at  any  lime.  The  breaking  cylinders  are  about  eigh- 
teen or  twenty  Inches  in  length,  and  are  made  of  bccefa  or  any 
hard  wood,  and  are  all  similar  tn  rsch  other  in  dimenaiont,  and 
in  b"<ing  breakers  which  act  also  a*  teeth,  eitendiag  likepro- 
jectiog  plates  tbrir  whole  length  parallel  to  the  axis.  Toeae 
breaker*  or  Icelh  arn  formed  of  thin  hoop-iron,  lei  about  half 
ita  width  Into  taw  cuts  in  Ibe  cytlDriers  into  which  they  are 
driven,  and  Uwy  are  retained  in  their  plaeea  by  iron  boopt  put 
on  to  each  end  of  Ihe  cytiuders  :  they  are  about  half  an  Inch 
asuttder,  tbeir  exteroal  edgea  are  well  rounded,  so  as  not  lo  cut 
Ibe  flax,  and  Ibey  are  alternately  lung  and  short ;  the  long  or 
deep  teetb  projecting  abont  three-quarters  of  an  Ineb  fh>m  Ihe 
eylinder,  while  ihe  short  ones  are  about  half  that  length.  la 
pasing  Ihe  lower  breaking  cylinders  in  Ibeir  placet,  care  mutt 
be  taken  that  Iheydo  not  touch  each  other,  sineelbeir  Icelb  are 
only  lo  connect  ifarungb  tbe  medium  of  the  two  upper  rollers 
wbioh  press  apon  them.  Tbe  axis  of  Ihe  roller  U  is  longei 
iban  Ibe  othera,  and  extends  on  both  sides  beyond  Ibe  frame 
and  npon  oarh  end  of  It  ia  Dxrd  a  east-iron  wheel,  by  which 
motion  It  to  be  given  to  tMt  eyllndet,  and  Ibroagb  Ibis  to  all 
Iho  olhert.  Both  tbe  wheel*  ar«  of  the  aame  diameter,  bnl 
on  it  a  ra^sbel  wboel,  at  will  be  aeen  tn  tbt  InU  Igura,  wUlo 
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tkat  on  Ibe  opposite  side  U  *  ipnr  or  Gommoa  toothed  wheri, 
u  «U1  be  leen  in  Bg.  3,  wUoh-  repretents  lacb  part«  of  the 
mkohine  on  ilie  opposite  (ide  H  uv  euentiel  to  its  notioti,  and 
tbe  tame  letters  of  reference  are  nied  in  boOt  Spires  to  denote 


Fig.  2. 


Tlie  first  motion  is   ^*en  to   tliis  mechioe  from  the  iron 


pair  of  spgr  wheels  and  a  ij,  as  shewn  in  fig.  1,  to  aMistits 
motion.  On  each  end  of  the  lower  spindle,  if  two  are  ased, 
there  is  a  eranit,  as  at  Q,  attached  (o  a  conDecling  rod  V,  the 
opposite  end  of  which  in  fig.  1,  is  attached  to  a  pall  or  lever 
turning  on  a  centre  S,  so  that  when  O,  or  O  O,  is  tomed,  the 
end  of  this  ie*er  will  describe  a  portioD  of  a  circle,  shewn  b; 
the  dotted  line  T  A,  and  will  enjcsge  with  tbe  raichet  teeth  of 
the  wheel  H,  and  earrj  it  partly  roand  :  while  on  the  other 
Bide  of  the  mscbine,  sbewa  In  6g.  2,  tbe  connecting  rod  T 
passes  from  the  crank  of  O  to  a  toothed  segment  U,  tbe  teeth 
of  which  work  into  the  teeth  of  tht;  spni  wheel  N,  fixed  npon 
the  oppoiile  gudgeon  of  the  breakioic  cylinder  D.  The  con- 
necting rod  on  this  ildc  of  the  machine  must  be  so  adiosted  in 
tenctii,  that  in  its  motion  outwards  the  end  toolh  of  V,  next 
to  A,  mast  be  withdrawn  oat  of  the  tenth  of  the  wheel  N,  but 
that  when  it  moves  in  a  contrary  direction,  or  from  T  towards 
A,  it  must  muvo  completely  in  the  teeth  of  the  wheel,  and  not 
leave  them,  and  of  cunise  N  at  this  time  i*  iDcapable  of  any 
other  motion,  hot  what  tbe  segment  U  also  has. 

The  connecting  rod  Q  V,  in  fig.  1,  mast  also  be  so  adjasted 
in  length  to  the  pall  or  gathering  tooth  S,  as  to  make  it  continne 
to  act  npon  its  wheel  M,  for  the  space  of  one  tooth  of  N  in 
fig.  2,  after  the  segment  U  has  been  withdrawn  from  its  wheel, 
N ;  and  thus,  although  the  motion  of  V  wonld  prodace  a  back- 
ward and  forward  motion  of  its  corresponding  wheel  N,  and 
the  breaking  cylinder  D,  and  consequently  of  all  the  other 
cylinders,  yet  by  tbe  after  action  of  S  upon  H,  the  roller  D  and 
its  wheel  N  arc  made  to  advance  gradually  by  the  space  of  one 
tooth  of  N  for  every  rerolation  of  O ;  and  tiias  a  slow  but 
regular  progressive  motion  of  the  oylioders  is  obtained  at  the 
same  time  that  tbe  vibratory  or  oscillating  motion  is  going  on. 
The  flax  i*  fed  or  supplied  by  placing  it  in  handfals  on  the 
feeding  trough  Z,  and  pressing  it  gently  between  the  rollers, 
C  and  E,  and  it  is  delivered  out  from  between  the  rollers  E 
and  c,  at  the  end  of  tbe  machine  nest  to  L,  in  a  sufficiently 
clean  and  divided  stale  to  enter  the  rabbing  machine,  which  will 
he  nest  deacribed.  The  anperiority  of  this  machine  over 
eonunon  fluted  vollen  needs  no  comment,  since  the  distance 
between  (he  teeth  and  the  shake  which  is  produced  by  the 
alternating  motion  of  the  cylinders  exactly  gives  that  action 
which  is  best  snited  to  break  off  and  disengage  the  bark  and 
woody  matter,  which,  when dry.is  quite  brittle,  and  falls  to  the 
bottom  of  the  machine.  Once  passing  the  rollers  is  in  general 
■nfficient  for  cither  Bax  or  hemp  stalks,  but  the  work  is  ren- 


ore  perieetl, 
does  not  at  all  tqjnre  tbe  fibre. 

Hie  mbUng  nachiae,  which  is  to  be  ased  ImnedUlely  after 
the  ahote  breakii^  process,  was  soggesled  to  the  incMor 
from  the  beneScial  effect  which  he  foand  prodoeed  on  broke* 
flax  by  mbbinff  it  between  the  hands  in  the  same  nuuaner  ibat 
li  rahbed  while  wnshing,  and  which  not  only  elfsas  it 
of  the  small  fragments  of  wood  and  bark  which  adhere  to  it, 
bat  likewise  opens  and  snbdivides  tbe  fibres,  ao  as  tat  make 
than  produce  the  finest  thread.  The  maohine  and  opentlaB 
are  altogether  new  as  applied  to  llax  and  benp,  and  it  ii 
confidently  hoped  considerable  benefit  may  ariae  froi 
USB.  Fig.  3  represents  a  side  view,  or  rather  a*~"~ 
machine,  drawn  on  a  scale  of  one  inoh  to  a  foot. 
'Fig.  3, 


Inthis,aiL._. . 

the  bearers  for  the  three  rollers  ir  if  e,  disposed 
ing  machine ;  but  in  this  case,  they  are  only  for  Qie  pnvpeH  U 
drawing  or  leading  the  flax  tfarongh  the  machine,  (the  snak- 
ing being  presumed  to  have  been  already  don*  by  the  last 
described,  or  any  other  process ;)  they  mnst  be  flnted  or  gteevcd, 
or  may  be  made  in  the  same  manner  as  tbe  breaking  cyliidcii. 
but  with  the  teeth  of  eqnal  length,  mncb  ahorter,  and  of  > 
finer  gauge  or  pitch ;  fit  a  rigger  or  pulley  to  wUdi  a  nM 
circular  motion  is  to  he  given  ;  it  Is  hong  on  a  shaft  or  spiMle 
turning  in  brass  bearings,  and  fixed  to  the  frsune  « ;  on  fte  tat 
k  of  this  spindle  is  formed  an  endless  screw  or  worm,  whM 
turns  a  small  wheel  i  fixed  apon  the  lower  end  of  an  kit 
spindle  k  toraing  in  bearings,  and  leading  by  a  btvU  fbem. 
at  its  upper  end  to  the  face  wheel  k,  which  (■  fixed  oa  t» 
one  of  the  gudgeons  of  the  fluted  or  toothed  roller  t,  so  Atf 
whenever  tbe  rigger^  is  turned,  even  vrith  a  rapid  motiaa,  a 
very  slow  motion  will  be  communicated  to  the  itdlen  tii 
The  most  essential  part  of  thu  machine  oonsists  of  the  lahkn 
hoards  o;)fr,  which  are  placed  at  the  front  of  the  vacUas 
are  seven  in  number  in  the  print,  but  may  be  more  or  km, 
and  are  aboot  an  inch  in  thickness ;  they  may  be  made  of 
beech,  oak,  or  any  moderately  hard  wood.  Ilieir  edgei  ov 
sections  can  only  be  seen  in  this  repreaentatlcui,  bat  their 
length  may  be  from  eight  inches  to  a  fbot  or  mora.  Tbe 
board  a  is  firmly  fixed  to  the  top  of  the  fraiaing  ■,  and  is 

wilhoat  motion,  while  those  marked  ;i»*  are  ai "^ 

the  two  strong  cylindrical  iron  pin*  r,  wUiA  an 


Irmly  screwed 
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into  the  frame  «,  and  pus  tbroa^h  boleji  which  fit  them  io  the 
l>u;irds  pp  p^  so  that  these  last  can  be  moved  to  a  greater  or 
lesi  distance  from  each  other,  but  are  incapable  of  up  and  down 
motion.  The  intermediate  boards  07a  are  so  macb  shorter 
as  to  pass  between  the  iron  pins  t  and  admit  of  an  up  and  down 
motion  between  ppp;  for  this  purpose,  they  are  all  connected 
tugrthcr  b>  an  iron  link  or  staple  x,  fixed  opon  the  top  of  the 
connecting:  rod  y,  the  lower  end  of  which  works  upon  a  crank 
in  the  middle  of  the  first  spindle  upon  which  the  rij^ger  /  is 
placed,  so  that  in  ever?  revolution  of  /  the  moveable  boards 

9  9  f  are  driven  upwards  and  downwards  between  the  more 
stationary  boards  pppt  and  the  one  which  is  fixed  at  0.  The 
whole  of  the  boards  are  drawn  towards  o  by  means  of  a  rod  on 
each  of  their  sides  pasMUfc  throuf^h  ppp  and  o,  and  acted  upon 
at  t  by  weights  or  spiral  wire  springs,  and  the  whole  of  the 
boards  are  perforated  with  a  slit  or  mouth  from  four  to  six  inches 
loofc,  (according  to  their  width)  and  about  a  quarter  of  an  inch 
wide,  placed  near  their  tops  at  an  equal  distance  from  the  top 
of  each,  and  nicely  rounded  ofi*  on  all  its  edges.  The  conse- 
quence will  be,  that  whenever  the  crank  is  in  an  horixontal 
situation,  all  these  slits  will  coincide,  but  when  the  crank  is 
down,  as  in  the  figure,  the  slits  in  gqq  (which  slits  src  seen 
only  in  section)  will  be  below  those  in  ppp  and  •,  while  when 
the  crank  is  op  they  will  be  elevated  aoove  them ;  and  thus  it 
will  easily  be  perceived,  that  if  flax,  or  any  other  flexible  mate- 
rial, is  passed  through  the  slits  in  the  boards  when  they  do 
coincide,  and  then  conducted  between  the  toothed  rollers,  that 
while  these  draw  it  slowly  on  through  the  machine,  the  boards 
pp.  jq,kc.  by  their  rapid  up  and  down  motion,  will  eflectually 
rob  It,  and  cleanse  it  from  any  CKtraneoos  matter  which  may 
adhere  to  it,  as  well  as  open  the  fibres ;  and  for  the  better  regu- 
lation of  this  operation,  r  is  a  treadle  or  lever  near  the  foot  of 
the  attendant,  by  pressing  00  which,  the  weight  w,  which 
depresses  the  top  roller  i/,  will  be  raised,  in  consequence  of 
which  the  rollers  will  cease  to  draw,  although  the  rubbing  still 
continues,  no  that  its  velocity  io  passing  the  machine  may  be 
correctly  regulated  at  the  will  of  the  superintend  ant* 

The  average  crop  which  has  been  produced  in  Bngland  from 
sowing  three  bushels  of  flax  or  lint  seed  on  an  acre  of  land, 
is  2|  tons  of  flax  stem,  which,  when  broken  and  prepared, 
yielils  from  10  to  13  cwt.  of  harie,  or  flax  fit  for  hackling,  and 
the  boon  or  woody  matter  which  falls  through  the  machine, 
will  yield  from  90  to  100  bushels  of  chaff  from  the  seed,  and 
is  fit  for  provender  for  horses  or  cattle,  and  from  36  to  40  cwt 
of  chafl"  from  the  stem,  making  a  valuable  manure,  while  from 

10  to  14  bushels  of  seed  may,  in  almost  all  cases,  be  procured 
from  the  same  quantity.  The  operation  of  hackling,  which 
succeeds  that  of  breaking,  was  here  minutely  described  and 
shewn,  and  by  this  the  average  of  12  cwt.  of  harle,  produced 
by  an  acre  of  land,  becomes  diminished  down  to  about  from 
450  to  380 lbs.  of  fine  long  flax,  fit  for  spinninf:  the  best  mate- 
rials, being  but  little  more  than  ^th  of  the  gross  produce ;  not* 
withstandiofc  which,  the  value  of  the  seed,  the  chaffs,  and  the 
tow,  which  is  the  refuse  of  the  hackling  process,  are  said  to 
ansply  compensate  for  this  apparent  loss. 

Spinning  is  the  operation  which  succeeds  to  hackling,  and 
the  advanta^ces  arising  from  this  union,  b>  twisting  the  fibres 
toicether,  was  detailed,  as  well  as  the  mechanical  action,  by 
which  strength  and  continuity  of  length  are  obtained  by  the 
lateral  friction  of  one  fibre  against  another. 

The  yarns,  when  completed,  are  wound  into  skeins  of  300 
yards  each  in  length,  by  means  of  counting  reels,  which  strike 
upon  a  boll,  or  otherwise  indicate  when  this  quantity  is  com- 
plete, and  such  skeins  are  called  Utts.  From  the  number  of 
leas  which  u  pound  of  flax  will  produce,  its  denomination  and 
value  is  computed.  Thus  yarn  No.  10,  or  10  Ira  varn,  is  ten 
tioirs  300  yards,  or  .lOtN)  yards  from  one  pound  of  hackled  flax  ; 
40  lea  yarn,  or  1*2,000  yards  from  the  pound,  is  said  to  be  the 
finest  produced  in  England  by  machine  spinning,  though  by 
band  spinning  the  process  has  been  carried  as  high  as  1*J0  leas 
to  the  pound.    The  average  work  of  every  spindle  in  a  spinning 

*  For  am  aecottBC  of  die  quanfitj  of  work  tlirse  Bwhinrs  tro  eapoWe  of 
p«rfor«iBg.  ud  other  panicolart  rctpectioK  thea,  •••  Um  Beport  of  tko 
SoieoC  CoMsiUoo  of  ibo  Ifnato  of  Co«ann«  on  the  Mbjoct.  Sir.  Bamlj 
ku  likrwifto  •■TeBtcd  •  ver^  angenitfua  cu:!iw^  for  korkliag  flax. 

47. 


mill,  where  thousands  are  osoally  in  motion  at  once,  is  esti- 
mated at  an  average  of  13  leas  in  the  day,  or  3000  yards;  and 
in  spinning  the  finest  yarns  the  spindle  is  said  to  revolve  :)ouo 
times  in  a  minute !  We  do  not.  however,  vouch  for  this  almost 
incredible  velocity,  not  having  had  an  opportunity  of  csJculatiug 
the  machinery. 

The  qualities  of  the  tow,  or  refuse  of  flax  and  hemp,  and  the 
various  operations  performed  upon  it,  cannot  here  be  cnume* 
rated  and  explained,  among  which  is  that  of  carding  it  by 
machinery,  so  as  to  prodaoc  useful  rovings  for  spinning  infe- 
rior yarm. 

HENDECAGON,  in  Geometry,  a  figure  that  has  eleven 
sides,  and  as  many  angles. 

HEPATIC  (;as,  the  old  name  for  sulphuretted  hydrogen. 

HEPTACHORD,  in  the  ancient  poetry,  signified  verses  that 
were  song  or  played  on  seven  chords,  that  is,  on  seven  dif- 
ferent notes. 

HEPTAGON,  In  Geometry,  a  figure  consisting  of  se\e:i 
sides  and  as  many  angles. 

HEPTARCHY,  a  government  of  seven  persons  ;  also  astatr 
or  country  divided  into  seven  kingdoms,  and  governed  li> 
seven  independent  princes.  England  was  at  one  period  diw* 
ded  into  seven  kingdoms,  under  the  Saxon<i,  hence  called  the 
Saxon  Heptarchy. 

HERALD,  is  an  oiScer  at  arms,  whose  business  it  is  to 
denounce  war,  proclaim  peace,  or  be  otherwise  employed  by  iLu 
king  in  martial  messages  or  other  business. 

Heralds  are  the  judges  and  examiners  of  gentlemen's  coatn 
of  arms,  and  preservers  of  genealogies,  and  they  marsh ai  all 
solemnities  at  the  coronation  of  princes,  and  funerals  of  great 
persons. 

HhRALDS.  Tlie  heralds,  which  are  six  in  number,  are  dis- 
tinguished by  the  names  of  Richmond,  Lancaster.  Chester, 
Windsor,  Somerset,  and  York,  and  are  all  equal  in  degree, 
only  preceding  according  to  the  seniority  of  their  creation, 
their  patents  being  under  the  great  seal  of  England. 

HERALDRY,  is  a  science  Hhich  teaches  how  to  blazon  or 
explain,  in  proper  terms,  all  that  belongs  to  arms;  and  how  to 
marshal,  or  dispose  with  regularity,  divers  :irms  on  a  field.  It 
also  teaches  whatever  relates  to  the  marshalling  of  solemn  pro- 
cessions, and  other  public  ceremonies  at  coronations,  instal- 
lation of  knights,  creations  of  peers,  nuptials,  christenings  of 
princes,  funerals.  Ice. 

ArnUf  sometimes  called  comtt  ofmrmi,  are  hereditary  marks 
of  honour,  made  up  of  fixed  and  determined  colours  and  figures, 
granted  by  sovereign  princes,  as  a  reward  for  military  valour, 
or  some  signal  public  service:  and  serve  to  denote  the  descent 
and  alliance  of  the  bearer ;  or  to  distinguish  states,  cities,  soci- 
eties, &c.  civil,  ecclesiastical,  and  military.  Arms  are  distin- 
guished by  diflcrent  names  to  denote  the  causes  of  their  hearing, 
such  as  mrmt  i^t dominion^  ofurrtemsion,  ofconeeuion^  ofcwmmtuti* 
Iv,  otpatrommge,,  of /Mmify,  o/mllittnee,  of  smceessiom,  of  mssumptton. 
Those  of  dominion  and  sovereignty  are  those  which  emperors, 
kings,  and  sovereign  states  constantly  bear  ;  being,  as  it  were, 
annexed  to  the  territories,  kingdoms,  and  provinces  they  pos- 
sess.   Thus,  there  are  the  arms  of  England,  of  France,  Ice. 

Arms  of  prtttnsion,  are  those  of  such  kingdoms,  provinces, 
or  territories,  to  which  a  prince  or  lord  has  some  clsini.  and 
which  he  adds  to  his  own,  although  such  kingdoms  or  territ«»- 
lies  are  possessed  by  another  prince  or  lord.  Arms  of  court x- 
Mwn.  or  augmentation  of  honour,  areentire  arms,  as  the  fortress 
of  Gibraltar  on  the  escutcheon  of  Lord  Heathfield.  Arms  nl 
rommMRiVy  belong  to  bishoprics,  cities,  companies,  &e.  Of 
pmtrtmvpe,  to  governors  of  provinces,  lords  of  manors.  1^  t . 
Arms  of  familif  are  the  property  of  individuals,  and  itiscriminril 
in  any  persona  not  of  the  family  to  a^nume  them.  Arms  of 
mUimnet  shew  the  union  of  families  and  individuals.  Arms  of  #Me- 
ctMsion  are  taken  up  by  those  who  inherit  certain  estates, 
manors.  Ice.  either  by  will,  emimil,  or  Honalion,  and  which  thry 
impale  or  ouartcr  with  their  own  :  this  multiplies  tlie  titles  of 
some  fa  mi  lies  from  necessity,  and  not  from  osientatiam.  Of 
mssumptum.  or  assumptive  arms,  are  taken  up  by  the  caprice  or 
fancy  of  upstarts  of  mean  extraction,  who.  on  becoming  per- 
sons of  fortune,  assume  them  without  a  legal  title.  They  are 
also  such  as  a  man  of  his  proper  right  may  assume,  with  the 
approbation  of  bis  sovereign  and  of  the  king  of  arms. 
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The  parts  of  arms  are  the  eseuteke&n,  the  tincfnref ,  ebarges, 
and  ornaments.  Heralds  distiagoish  niDe  dUTerent  points  in 
escotcbeons,  in  order  to  determine  exaetJy  the  positions  of  the 
bearing  they  are  charged  with,  as  in  the 

figure.    A,  the  dexter  chief;  B,  precise         . 

middle  chief;  C,  sinister  chief;  D,  ho-   \A        B        C^ 
nour  point ;   E,  fess  point ;  F,  nombiil 
point ;  6,  dexter  base  ;  H,  precise  mid- 
dle base ;  I,  sinister  base. 

The  tinctures  mean  that  variable  hoe 
common  both  to  the  shields  and  their 
bearings ;  and  there  are  seven  tioetares, 
yellow  or  ffold,  expressed  by  dots^  wksttf 
or  argent;  red  by  perpenduulmr  lines: 
blueor  azure  by  Aortron/a/ lines.  Purph, 
by  diagonal  lines  from  right  to  left ;  green^  by  the  same  fVom  lefi 
to  right ;  black  by  borixontal  and  perpendicular  lines  crossing ; 
and  orange  and  blood  colour  are  expressed  by  diagonal  lines 
crossing  each  other. 

The  charges  are  those  emblems  occupying  the  field  of  the 
escutcheon,  or  any  part  of  it.  All  charges  are  distinguished 
by  the  name  of  honourable  ordinaries,  sub-ordinaries,  and  com- 
mon charges. 

Honourable  ordinaries,  the  principal  charges  in  heraldry, 
are  made  of  lines  only,  which,  according  to  their  disposition 
and  form,  receive  different  names.  Sub-ordinaries  are  ancient 
heraldic  figures  frequently  used  in  coats  of  arms,  aud  which 
are  distinguished  by  terms  appropriated  to  each  of  them. 
Common  charges  are  composed  of  natural,  artificial,  and  even 
imaginary  things,  such  as  stars,  animals,  trees,  ships,  &c. 

The  ornaments  that  accompany  or  surround  escutcheons, 
were  introduced  to  denote  the  birth,  dignity,  or  office  of  the 
person  to  whom  the  arms  appertain ;  they  are  used  both  by 
clergy  and  laity.  Those  most  in  use  are  of  ten  sorts,  viz, 
crowns,  coronets,  mitres,  helmets,  mantlings,  chapeaux, 
wreaths,  crests,  scrolls,  and  supporters. 

The  crest  is  the  highest  part  of  the  ornaments  of  a  coat  of 
arms ;  it  is  called  crest  from  the  Latin  word  crista,  which  sig- 
nifies a  comb,  or  tuft,  such  as  many  birds  have  upon  their 
heads,  as  the  peacock,  &c.  Crests  were  anciently  marks  of 
great  honour,  because  they  were  worn  only  by  heroes  of  great 
valour  and  high  rank,  that  they  might  be  the  better  distin- 
guished in  an  engagement,  and  thereby  rally  their  men  if  dis- 
persed.   They  are  at  present  considered  as  mere  ornaments. 

The  scroll  is  an  ornament  usually  placed  below  the  shield  and 
supporters,  containing  a  motto  or  short  sentence,  alluding 
thereto,  or  to  the  bearing,  or  to  the  bearer's  name. 

It  is  not  our  object  to  dwell  on  this  article,  and  we  will 
therefore  conclude  it  by  noticing  briefly  that  the  science  of  he- 
raldry consists  in  blazoning  and  marshalling  arms.  The  word 
blazonina  it  borrowed  from  the  French  emhiaxoner ;  and  signi- 
fies displaying  or  explaining  the  several  emblems  and  colours 
of  an  achievment  in  proper  terms. 

The  blazoning  of  the  arms  of  gentlemen,  esquires,'  knights,  and 
baronets,  is  derived  from  metals  and  colours ;  those  of  barons, 
viscounts,  carls,  marquises,  and  dukes,  from  precious  stones ; 
and  those  of  princes,  kings,  and  emperors,  from  the  planets. 

Marshalling  is  the  orderly  disposition  of  several  coats  of 
arms,  belonging  originally  to  different  families,  within  one 
shield  or  escutheoo,  together  with  all  the  proper  armorial 
ensigns,  ornaments,  and  decorations.  Wo  will  in  this  place 
first  notice  the  four  rreat  orders  of  BriUsh  knighthood ;  second- 
(y,  we  will  explain  the  various  heraldic  terms. 

Degrees  of  Precedency,  and  different  kinds  of  Arms 


Degrees  of  Preeedeney,  and  differont  kmds  of  Arms 


The  King. 

Princes  of  the  Blood. 

Archbp.  of  Canterbury. 

Lord  High  Chancellor. 

Archbishop  of  York. 

Lord  Treasurer. 

Lord  President  of  the  Coun- 
cil. 

Lord  Privy  Seal. 

Dukes. 

BIdest  sons  of  Dukes  of  the 
Blood  Royal. 


Marquises. 
Eldest  sons  of  Dukes. 
Earls. 

Marquises'  eldest  sons. 
Duke*s  younger  sons. 
Viscounts. 
Bari's  eldest  sons. 
Marquises'  younger  tons. 
Bishops. 
Barons. 

Speaker  of  the  House  of  Com- 
mons. 


Lord    Commissioneu   of    the 

Great  Seal. 
Viscounts'  eldest  sons. 
Earls'  younger  sons. 
Barons  eldest  sons. 
Privy  Counsellors  not  Peers. 
Chancellor  of  the  Exchequer. 
Chancellor  of  the  Duchy. 
The  Knights  of  the  Garter  not 

Peers. 
The  Lord  Chief  Justice  of  the 

King's  Bench. 
The  Master  of  the  Rolls 
The  Lord  Chief  Justice  of  the 

Common  Pleas 
The  Lord  Chief  Baron  of  the 

Exchequer. 
Puisne  Judges  and  Barons. 
Knights  Banneret,  if  made 
in  the  field  of  battle. 


Master  in  Chancery, 
Viscounts'  yoonger  soos. 
Barons'  younger  aons. 
Baronets. 
Knights  Banneret. 
Knights  of  the  Bath. 
Knights  Bachelors. 
Baronets  eldest  sons. 
Knights'  eldest  soos. 
Baronets'  younger  sons. 
Knights'  younger  sons. 
Field  and  Fla|^  olBoer^ 
Doctors  graduate. 
Serjeants  at  Law. 
Esquires. 
Gentlemen. 
Teomen. 
Tradesmen. 
Artificers. 
Labourers. 


The  ladies,  except  those  of  Archbishops,  bishops,  aai 
judges,  take  place  according  to  the  quality  of  their  bosbaads. 
and  unmarried  ladies  take  place  according  to  that  of  thtir 
fathers. 

HERB,  in  Botany,  is  that  part  of  the  plant  which  rises  friMi 
the  root,  and  Is  terminated  by  the  fructification.  It  ooaipffe- 
hends  the  trunk  and  stem ;  the  leaves ;  the  fulcra,  or  sopports; 
and  the  bods,  or,  as  they  are  sometimes  denominated,  the  wialv 
quarters  of  the  future  vegetable. 

HERBACEOUS  Plants,  in  Botany,  are  those  which  hava 
succulent  stems  that  die  down  to  the  ground  every  year. 

HERCULES,  Cerberus,  and  the  Apple  Bremeh.  T^  eso* 
stellation  serves  to  perpetuate  the  memory  of  Hercnle8,the 
Theban,  son  of  Amphitryon  and  Alcmene,  famous  in  andt 
times  by  his  wisdom,  his  heroic  labours,  and  his  extraorii- 
nary  strength.  Hevelius  placed  Cerberus,  or  the  Serpeotwhii 
three  heads,  by  the  side  of  Hercules.  If  Cerberas  be  eoofr 
dered  allegorically  as  the  symbol  of  the  earth,  or  more  pr^ 
perly  of  all-devouring  time,  his  three  mouths  will  represent  the 
present,  past,  aod  future.  The  victory  which  Hercnles  sb- 
tained  over  this  monster  is  thought  to  denote  the  conqacH 
this  hero  acouired  over  his  passions.  Dr.  Bryant  derives  tUi 
name  from  Kir  Ahor, "  the  place  of  light,"  and  the  temple  of  tht 
son  was  called  Tor-Caph-£l,  which  was  changed  to  rpccffaXfc, 
and  hence  Cerberus  (originally  the  name  of  a  place)  was  sap- 
posed  to  have  three  heads. 

Boundaries  and  Contents.^iJn  the  N.  by  Draco,  B.  hy  Ljia 
S.  by  Serpentarius,  and  W.  oy  Serpens  and  Corona  Boreafii. 
There  are  113  stars  in  this  constellation,  of  which  seven  are  ii 
the  3d  magnitude,  seventeen  of  the  4th,  Ice.  Rsu  Algotki,  st 
the  3d  magnitude,  is  situated  in  the  forehead,  over  the  r^ 
eye.  Ras  Algothi,  the  principal  star  in  this  consteOatisai 
having  256*  Off  32"  right-ascension,  and  14*  SO'  IT''  of  N.  dec:, 
appears  on  the  N.  E.  by  E  f  E.  point  of  the  horiaon,  aod  rim 
and  culminates,  at  London,  as  in  the  following  Tahle:  Mccii 
Alt  63»  &  17"  N. 

Cuui. 
ho.M. 
It  M  A. 

8  aa  A. 

6  M  A. 

4  4i  A. 

5  4ft  A. 

la  sf  A. 


Month. 

Rises. 

Culm. 

Month. 

Rises. 

bo.  mi. 

bo.  mi. 

bo.  mu 

JtB. 

a   oBff. 

10  20  M. 

Jalj 

8  14  A. 

Feb. 

12  50  U. 

8    OM. 

Aog. 

1     6  A. 

Mar. 

11     9  A. 

6  10  M. 

Sept. 

11     OM. 

AprU 

9    6  A. 

4  15  M. 

Oot 

9  10  M. 

Maj 

7  15  A. 

2  SOM. 

Nor. 

7  15  M. 

Jane 

6  16  A. 

12  SO  A. 

Dec. 

5  10  M. 

HEREDITAMENTS,  such  things  immoveable,  whetKer 
poreal  or  incorporeal,  as  a  man  may  leave  to  hia  heirs,  byvay 
of  inheritance ;  or  whioh^  not  being  otherwise  deviaed,  nataraly 
descend.  Corporeal  hereditaments  consist  wholly  oj  sahataa 
tial  and  permanent  objects,  all  of  which  may  be  compcakeaded 
under  the  general  denomination  of  land  only ;  iueatpway 
hereditaments  are  not  the  objects  of  sensatioa,  are  ereatarcs 
of  the  mind,  and  exist  only  In  contemplation.  They  are  pria 
cipally  of  ten  sorts,  ris.  advowsons,  tithes,  coiansoaay  ways 
offices,  dignities,  franchises,  presents,  and  rents. 
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HERMAPHRODITB,  m  term  fonBeriy  applied  ezoliieiTelj 
to  sigoily  •  hunmo  creiitare  posteesed  of  both  lexei.  The 
term  b  now  applied  to  c^er  aoiroeli*  ami  to  planta.  It  is 
^uw  well  known  there  if  no  each  thinfr  m  an  henBaphrodite  ia 
the  human  ipedej.  In  most  spedea  of  animala.  the  produc- 
tion of  hcrmaphroditea  appeara  to  be  the  effect  of  oham^e,  bat 
in  the  black  cattle  it  aeema  to  be  an  eatabliabed  principle  of 
their  propaf  atioo.  It  ia  a  well  known  fact,  and,  as  far  aa  haa 
jet  been  diacof  ered,  appeara  to  be  aniYeraal,  that  when  a  cow 
brinf  a  forth  two  caWea»  one  of  them  a  ball,  and  the  other  a 
eow  to  appearacce,  the  cow  ia  an6t  for  propai^tion,  bat  the 
bull-calf  becomes  a  very  proper  boll.  Thej  are  known  not  to 
breed ;  they  do  not  ahew  the  leaat  incltnAtioa  for  tb«  ball,  nor 
does  the  bull  ever  Uke  the  least  notice  of  them.  Amonic  the 
country  people  in  England,  this  kind  of  calf  is  called  a  free- 
martin  ;  and  this  aingularitv  ia  juat  as  well  known  among  the 
farmers  aa  either  cow  or  bull.  When  they  are  preaer?ed.  it  ia 
Cor  the  purpose  of  an  ox,  or  apayed  heifer,  vtx.  to  yoke  with  the 
oxen,  or  fatten  for  the  Ubie.  They  are  much  larger  than  either 
the  ball  or  the  cow,  and  the  horns  grow  longer  and  bi|^er, 
being  Tcry  similar  to  those  of  an  ox.  The  bellow  of  a  free- 
martin  is  alao  aimilar  to  that  of  the  ox,  and  the  meat  ia  similar 
to  that  of  the  ox  or  »payed  heifer,  viz.  much  finer  in  the  fibre 
than  either  the  bull  or  cow,  and  they  are  more  anaceptible  of 
growing  fat  with  good  food. 

Among  the  reptile  tribe,  indeed,  aocb  aa  worms,  snails, 
leeches,  &c.  hermaphrodites  are  frequent  In  the  memoirs  of 
the  French  Academy,  we  have  an  account  of  thia  very  extraor- 
dinary kind  of  hermapliroditea,  which  not  only  have  both  aexea, 
but  do  the  office  of  both  at  the  aame  time.  Such  are  earth- 
worma,  round-tailed  worma  found  in  the  inteatinea  of  men  and 
boraea,  land-snails,  and  thoae  of  freah  waters,  and  all  the  aorta 
of  leechea.  And  aa  all  theae  are  reptilea,  and  without  bonea, 
it  ta  inferred,  that  all  other  insecta  which  have  two  charactera, 
are  alao  hcrmaphroditea.  The  method  of  coupling  practised 
bi  thia  claas  of  hermaphrodites  may  be  illustrated  in  the 
iaatance  of  earth-worms.  These  little  creatures  creep,  two  by 
two,  out  of  holes  proper  to  receive  thrm,  where  they  dispose 
tbeir  bodies  in  such  a  manner,  as  that  the  head  of  the  one  ia 
tamed  to  the  tail  of  the  other.  Ueing  thus  stretched  length- 
tHate,  a  little  conical  button,  or  papilla,  is  thrust  forth  by  each, 
and  recfiTed  into  an  aperture  of  the  other;  these  animals 
being  male  in  one  part  of  the  body,  and  female  in  another. 

Among  the  insects  of  the  soft  or  boneless  kind,  there  are 
great  numbers  indeed  which  are  so  far  from  being  herma- 
phrodites, that  they  are  of  no  sex  at  alt.  Of  thia  kind  are  all 
the  caterpillars,  maggots,  and  worma.  prodaeed  of  the  t^gt  of 
fliea  of  all  kinds.  Uut  the  reason  of  this  is  plain  ;  these  are 
not  animals  in  a  perfect  state,  but  disguises  under  which 
aninuUs  lurk.  They  have  no  business  with  the  propagating  of 
tbeir  species,  but  are  to  be  transformed  into  animals  of  another 
kind,  by  the  putting  off  their  several  coverings ;  and  then  only 
tbey  are  in  their  perfect  state,  and  therefore,  then  only  ahew 
tbe  differences  of  sex,  which  are  always  in  the  distinct  ani- 
■lala,  each  being  only  male  or  female.  Theae  copulate,  and 
tbeir  cfgs  produce  those  creatures  which  shew  no  sex  till  they 
arrive  at  that  perfect  state  again.—  Waiknit  Ofd^pttdim, 

Hbimaphroditk  Flowers,  in  Botany,  are  ^o  called  on  ac- 
ooant  of  their  containing  both  the  antherae  and  stigma,  the 
•opposed  organs  of  generation,  within  the  same  calyx  and 
petals.  Of  this  kind  are  the  flowers  of  all  the  classes  in  Lin- 
o«aa*8  method,  except  the  classes  monoecia  and  dicecia. 

HERMBTICAL  Philosophy,  is  that  which  professes  to 
explain  all  the  phenomena  of  nature,  from  the  three  chemical 
principles  of  salt,  sulphur,  and  mercury. 

HcRMETiCAL  Staling,  is  used  to  denote  a  peculiar  manner  of 
stopping  or  closing  glass  vessels  for  chemical  and  other  opera- 
tioas,  so  that  not  the  rarest  medium  can  cither  escape  or  enter. 
This  is  usually  done  by  heating  the  neck  of  the  Teasel  in  the 
iome  of  a  lamp  with  a  blow-pipe,  till  it  be  ready  to  melt,  and 
tben  with  a  pair  of  hot  pincers  twisting  it  close  together. 

HBRSCHBL,  the  name  frequently  given  to  the  new  planet 
<liaeovered  by  Dr.  Herschel ;  it  ia  otherwiae  called  the  Oeor^ 
gioa.  or  Georgiom  Sidaa,  but  now  more  commonly  Uranoa. 
Sir  William  Herschel,  a  very  celebrated  aatronomer,  who  waa 
originally  a  maaieian  in  a  marching  rogUoeat,  bat  by  hia  geaina 


and  industry,  raised  himself  to  tbe  boooor  of  knighthood,  and 
a  name  that  will  live  whilst  astrooomieal  aeienee  shall  be  cul- 
tivated. This  great  observer  and  ingenious  optician  lived  to  a 
good  old  age,  many  years  of  which  he  paaaed  at  Sloogh,  in 
tbe  neighbourhood  of  Windaor,  where  tbe  principal  part  of  hia 
obaerrationa  on  the  heavena  were  made. 

HESSE,  William,  Prince  op,  one  of  the  greateat  pro- 
motera  and  encouragera  of  the  sciences  in  the  sixteenth' ceo- 
turr.  He  erected  an  observatory  at  Cassel,  and  furnished  it 
with  excellent  instruments  for  the  purpose  of  observing  the 
celestial  motions  ;  having  called  to  his  assistance  Christopher 
Rothmann  and  Juste  Byrgs:  these  observations  were  pab- 
Ushed  by  Wellebrord  Snell  at  Leyden,  in  1618,  and  are  of  a 
very  curious  uatuto  ;  they  lue  alao  mcotioned  by  Tycho  Brahe, 
in  the  second  volame  of  hia  **  Progymnasmata."  This  prince 
died  in  1607. 

HETEROGENBOUS,  literally  imports  something  of  a 
different  kind,  in  opposition  to  howtopemeaut, 

Hetbroobneous  Bodies,  are  bodies  of  unequal  density  and 
composition. 

Hbterooeneoijs  Ligki^  that  which  oonsists  of  rays  of  differ- 
ent degrees  of  refrangibility. 

Heterookneous  S'umhtrs,  consisting  of  integers  and  frac- 
tions. 

Heterooencous  Qumntities^  are  those  whirh  admit  of  no 
comparison  as  to  greater  or  less.  Thus,  a  surface  and  a  solid 
are  heterogeneous  quantitiea,  because  we  can  in  no  way  make 
comparison  between  them,  or  say  that  a  surface,  however  large, 
is  greater  than  a  solid,  however  smalt.  In  this  respect  it  has 
been  said,  that  momentum  and  pressure  are  heterogeneous 
quantities. 

HaTBROGENBous  Surdf,  are  such  as  have  different  radical 
signs,  as  v^oe,    ^bb,  i/9  v^l8,  tec.  ^e  Surd. 

KETEROSCII,  in  Geography,  arc  such  inhabitants  of  the 
earth  as  have  their  shadows  at  noon  projected  always  the 
same  way  with  regard  to  themselves,  or  always  contrary  ways 
with  respect  to  each  other.  Thus,  all  the  inhabitants  without 
the  torrid  xone  are  heteroscii,  with  regard  to  themselves,  since 
any  one  such  inhabitant  baa  hia  shadow  at  noon  always  the 
same  way;  vit,  alwaya  north  of  him  in  north  latitude,  and 
always  south  of  him  in  south  latitude. 

HEXACHORD,  in  ancient  Music,  a  concord  called  by  tbe 
modems  a  Sixth. 

HEXABDRON,  or  Hexahedron,  one  of  the  five  regular  or 
platonic  bodies,  so  called  from  its  having  six  faces.  The 
square  of  the  side  or  edge  of  a  hexahedron,  is  one-third  of  the 
square  of  the  diameter  of  the  circumscribing  sphere ;  and 
hence  the  diameter  of  a  sphere  is  to  the  side  of  iu  inscribed 

hexahedron,  as  ^/3  to  I. 

HEXAGON,  in  Fortification,  a  place  defended  by  aix 
bastions. 

HEXAMETER,  in  ancient  Poetry,  a  kind  of  verse  consist* 
ing  of  six  feet;  the  first  foor  of  which  may  be  indifferently 
either  spondees  or  dactyls  i  the  fifth  is  generally  a  dactyl,  and 
the  sixth  alwaya  a  spondee.  Such  is  the  following  vena  of 
Horace: 

I  3  3  4        5        6 

Aut  frv\4imi  rS|lMil,  ««lMc2rc|l«r»  fSUfir. 

Sometimes,  indeed,  a  spondee  constitutes  the  fifth  foot ; 
whence  such  hexameter  verses  are  called  spondaic ;  as  In  this 
of  Virgil  :— 

1  3  3  4  5  6 

Cir4  D^lwm  M$\tiM  aU|f««in  J»r1fl  \meri\\ 


Epic  poems,  as  the  Iliad,  iEneid,  8us.  consist  wholly  of  hexa- 
meter verses :  whereas  el^ea  and  epistles  consist  asaoUy  of 
hexameter  and  pentameter  Teraea  alternately. 

HIATUS,  properly  algnifiea  an  opening,  chasat,  or  gap ;  but 
it  la  partieularly  applied  to  those  veraea,  where  one  word  ends 
with  a  vowel,  and  tbo  following  word  begins  with  one,  and 
thereby  occasion  the  month  to  be  more  opened,  and  tbo  soaad 
to  be  very  harsh.  The  term  Hmtmt  ia  also  used  in  apeaklog  of 
manuseri'pta,  to  denote  their  deteta,  or  the  porta  Ibal  have 
been  lost  or  offaoed. 
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HIDES,  the  tkins  of  b^aafs ;  bat  U  i^artioalmrly  applied  to 
thoie  of  large  cattle,  as  bollocks,  cows,  baffaloes,  horses,  &c. 
Raw  or  greea  bide,  is  that  which  has  not  imdergoiie  any  pre- 
paration. There  are  also  hides  dried  in  the  hair.  Salted  hide, 
is  a  green  hide  seasoned  with  sea  salt  and  alnm  or  saltpetre, 
to  prevent  its  cormption.    See  Currying  and  Tanning. 

Hide  of  Landy  was  soch  a  quantity  of  land  as  might  be 
ploofirhed  with  one  ploagh  within  the  compass  of  a  year. 

HIERARCHY,  the  subordination  of  the  clergy,  ecclesiasti- 
cal polity,  or  the  constitution  of  the  Christian  church  consi- 
dered as  a  society. 

HIEROGLYPHICS,  in  antiquity,  mystical  characters  or 
symbols,  in  use  among  the  Egyptians,  and  that  as  well  in  their 
writings  as  inscriptions :  being  the  figures  uf  various  animals, 
the  parts  of  human  bodies,  and  mechanical  instruments.  The 
meaning  of  a  few  of  these  hierof^lyphics  has  been  preserved. 
They  represented  the  Supreme  Deity  by  a  serpent,  with  the 
head  of  a  hawk.  The  hawk  itself  was  the  hieroglyphic  of 
Osiris ;  the  river-horse,  of  Typhon  ;  the  dog,  of  Mercury  ;  the 
cat,  of  the  Moon  or  Diana  ;  the  beetle,  of  a  courageous  war- 
rior. To  decipher  the  more  ancient  hieroglyphics  has  hitherto 
baflled  the  ingenuity  of  the  learned,  but  by  a  comparison  of 
inscriptions  which  have  been  written  in  Greek,  the  hieroglyphic 
characters  used  for  letters  in  writing  proper  names  have  been 
fully  ascertained ;  and  hence  many  inscriptions  which  were  not 
accompanied  by  a  corresponding  Greek  inscription,  have  been 
deciphered.  In  every  other  respect,  the  subject  is  in  as  much 
obscurity  as  ever. 

HIGH  Water,  that  state  of  the  tides  when  they  have  flowed 
to  the  g^reatest  height,  in  which  state  they  remain  nearly  sta- 
tionary for  about  15  or  20  minutes,  when  the  water  begins 
again  to  ebb.  The  time  of  high  water  is  always  nearly  the 
same  in  the  same  place  at  the  full  of  the  moon,  and  at  all 
other  times  the  time  of  high  water  depends  upon  the  age  of  the 
moon.  The  rule  for  finding  which,  the  age  of  tlie  moon  being 
given,  is  as  follows,  viz.  Add  \  of  the  days  of  the  moon's  age, 
as  so  many  hours,  to  the  time  of  high  water  at  the  full  of  the 
moon,  and  the  sum  is  the  time  of  high  water,  answering  to  that 
day  nearly.  The  time  of  high  water  at  London,  on  the  day  of 
the  full  moon,  is  three  o'clock  in  the  afternoon. 

HIGHWAY,  a  public  passage  for  the  king's  people,  whence 
it  is  called  the  king's  highway.  There  are  three  kinds  of  ways, 
a  footway,  a  pack  and  prime  way,  which  is  both  a  horse  and 
foot  way,  and  a  cart  way,  which  contains  the  other  two.  A 
river,  common  to  all  men,  may  also  be  called  the  king's  high- 
way ;  and  nuisances  in  any  such  ways  are  punishable  by 
indictment.  If  passengers  have  used,  time  out  of  mind,  where 
the  roads  are  bad,  to  go  by  outlets  on  the  land  adjoining  to  an 
highway  in  an  open  field,  such  outlets  are  parcels  of  the  high- 
way ;  and  therefore,  if  they  are  sown  with  com,  and  the  track 
is  found  and  can  be  trodden,  the  king's  subjects  may  go  upon 
the  com.    See  Road. 

Repairing  Highways.  —  By  the  common  law,  the  general 
charge  of  repairing  all  highrways  lies  on  the  occupiers  of  the 
lands  in  the  parish  wherein  tv^^y  are.  But  it  is  said  that  the 
tenants  of  the  lands  adjoining  are  bound  to  scour  their  ditches. 

Particular  persons  may  be  burdened  with  the  general  charge 
of  repairing  an  highway,  in  two  cases ;  in  respect  of  an  enclo- 
sure, or  by  prescription ;  but  the  parish  cannot  take  advantage 
of  th^s  on  the  general  issue,  but  must  plead  it  specially.  At 
common  law,  it  is  said,  that  all  the  county  ought  to  make  good 
the  reparations  of  an  highway,  where  no  particular  persons  are 
bound  to  do  it.  By  the  ancient  common  law,  villages  are  to 
repair  their  highways,  and  may  be  punished  for  their  decay  ; 
and  if  any  do  injury  to,  or  straighten  the  highway,  he  is 
punishable  in  the  King's  Bench,  or  before  the  justices  of  peace 
in  the  court-leet,  &c.  Destroying  any  public  turapike-gate,  or 
the  rails  or  fences  thereto  belonging,  subjects  the  offender  to 
hard  labour,  or  transportation  for  seven  years. 

Every  justice  of  the  peace,  by  the  statute,  upon  his  own  view, 
on  on  oath  made  to  him  by  the  surveyor,  may  make  present- 
ments of  roads  being  out  of  re|Mir ;  and  thereupon,  like  pro- 
cess shall  be  issued  as  upon  indictment. 

HIN,a  Hebrew  measure  of  capacity  for  things  liquid,  con- 
taiainfc  the  sixth  part  of  an  epha,  or  one  gallon  two  pints, 
English  measure. 


HIND,  a  female  stag  in  the  third  year  of  its  age.  Set 
Cervus. 

HINGES,  the  joints  on  which  gates,  doors,  tide,  folds  of 
tables,  &c.  hang  and  turn  in  opening,  shutting,  and  folding. 

HIP  Roof,  among  carpenters,  called  also  ItaUmn  Rotf^  is  a 
roof  which  has  neither  gable-head,  shread-head*  nor  jerkeo- 
head,  (by  which  is  meant  such  heads  as  are  both  g^ble  and  hip 
at  the  same  end ;)  for  it  is  a  gable  or  upright,  as  bigfa  as  the 
collar  beam,  and  then  there  are  two  short  hips,  -which  shnt  ap 
with  their  tops  to  the  tops  of  a  pair  of  rafters,  which  comtiy 
carpenters  call  singlars.  A  hip-roof  has  rafters  aa  long,  and 
with  the  angle  of  the  foot,  8cc.  at  the  ends  of  biiildiogs«  as  it 
has  at  the  nidex ;  and  the  feet  of  the  rafters,  at  the  end  of  snch 
buildings  as  have  hip-roofs,  stand  on  the  same  plane,  m. 
parallel  with  the  horizon,  and  at  the  same  height  from  the 
foundation,  with  rafters  on  tibe  sides  of  the  roof. 

HIPPOCRATES,  of  Chios,  a  celebrated  mathematiciaB  of 
antiquity,  who  flourished  about  460year^  before  Christ,  and  \n 
whom  we  are  indebted  for  the  curious  property  of  the  lanes, 
which  bear  his  name,  and  which  were  the  first  ennrilinear 
spaces  whose  quadrature  was  precisely  determined.  iSeeLuwts. 

Hippocrates  was  originally  a  merchant,  and  is  repreaentedai 
having  been  a  man  of  extreme  simplicity,  and  very  negUgentsf 
his  own  aflairs,  whereby  he  was  nearly  mined.  This  ciicBSi- 
stance  brought  him  to  Athens  to  arrange  his  concerns,  and  heia 
it  seems  that,  by  chance,  he  first  acquired  some  knowledge  of 
geometry,  which  he  afterwards  prosecuted  with  the  greatest 
success,  and  taught  it  in  the  school  of  Pythagoras,  from  whiek, 
however,  it  is  said  he  was  afterwards  exponged  for  having 
received  money  for  his  instraction. 

HIPPOPOTAMUS,  in  Natural  History,  a  genus  of  mamma- 
lia, of  the  order  belluas.  This  animal  is  supposed  to  be  the  behe. 
moth  described  in  the  book  of  Job.  When  full-grown,  they  aie 
from  11  to  12  feet  in  length.  Mr.  Brace  reports,  that  they  are 
occasionally  found  even  of  the  length  of  twenty  feet.  Tbdr 
form  is  awkward  :  the  head  astonishingly  large,  and  the  body 
extremely  fat  and  round ;  the  legs  are  very  short  and  IliBk, 
and  the  teeth  of  vast  strength  and  size.  The  whole  ammslil 
covered  with  short  hair ;  its  skin  is  so  tough,  as  in  some  parts 
to  resist  a  bullet;  and  its  colour,  when  dry,  is  an  ohsme 
brown.  It  inhabits  the  warmer  latitudes,  and  is  to  be  foosd 
chiefly  in  the  interior  of  Africa,  in  the  largest  rivers,  in  wbich 
it  ranges  at  the  bottom,  sometimes  reaching  the  surface  far  thi 
purpose  of  respiration.  By  night  it  quits  the  water  to  iesd, 
and  devours  a  vast  quantity  of  grass,  and  the  tender  braacks 
of  trees.  Its  disposition  has  nothing  in  it  sanguinary  or  fa^ 
cious ;  it  never  attacks  other  animals.  It  frequently  cosaaiii 
great  depredations  on  the  plantations  of  corn  or  sugar  whal 
are  within  the  reach  of  its  nocturnal  progresses,  andbydeftret* 
ing  with  its  vast  teeth  the  roots  of  trees.  Its  motion  on  land  ■ 
inelegant  and  slow  ;  yet  if  surprised  and  pursued,  it  mm  vM 
great  speed  till  it  reaches  the  water,  into  which  it  instmllf 
plunges  ;  and  though  it  vi  able  to  swim  with  great  rapidity,  itf 
progress  in  the  water  is  at  the  bottom  by  walking.  If 
in  the  water,  it  sometimes  is  highly  infuriated,  and  has 
known  to  attack  the  boats  or  canoes,  which  it  supposed  te 
tain  its  enemy,  and  overturn  them  by  its  vast  strength,  or 
them  by  making  a  large  hole  in  them  vvith  its  teeth.  It  pro- 
duces but  one  at  a  birth,  generally  in  the  little  rushy  isles  ef  tks 
rivers  which  it  frequents,  and  in  these  islets  it  general^ 
sleeps.  When  taken  young,  it  is  capable  of  being  tamed. 
These  animals  are  sometimes  seen  in  considerable  naBtas, 
ranging  for  several  miles  beyond  the  banks  of  their  liters. 
They  are  valued  by  the  natives  of  Africa  for  food,  and  the  fat 
which  it  supplies  is  supposed  to  be  equal  to  that  of  the  hog; 
The  feet  are  highly  gelatinous,  and  regarded  as  a  particaUr 
delicacy.  With  their  skins  the  warriors  of  Africa  are  finisb* 
ed  with  shields  and  bucklers.  Their  tusks  are  whiter  thai 
those  of  the  elephant,  and  retaining  their  original  clearness  and 
beauty,  are  preferred  by  dentists  for  artificial  teeth  to  evciy 
other  substance. 

HIRE,  Philip  db  la,  an  eminent  French   mathemaUeiu 

and  astronomer,  was  born  at  Paris  in  1640.    De  la  Hire  wu 

employed  with  Picard  in  making  the-  necessary  ohservatioBS 

for  constructing  a  new  and  accurate  map  of  Fraooe,  a  task 

I  which  ho  executed  with  the  greatest  ability,  at  the  same  time 
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znakini;  otbrr  observations  on  the  height  of  mountains,  the 
variation  of  the  mmcnMic  noodle,  kc. 

IllKl'IM).  the  Lffch,  a  Konus  of  the  vermes  intestina  olass 
a»fl  order.  The  body  moves  either  forward  or  baekward.  There 
.irr  kcvrntoen  speoies,  priucipallydiAlinjcuished  by  their  colour. 
Thf*moKC  remarkable  ii  tbemedirinal  leech,  wbieh  arrows  to  the 
ItnirUi  of  t«io  or  three  inches.  The  bod  v  is  of  a  blackish  bro\«  n 
rnlnur,  marked  on  the  baek  wiih  six  }cllow  spots,  and  edced 
'.\ith  a  yellow  line  on  each  side;  but  both  the  spots  and  the 
Iinr*^  crow  faint,  and  almost  di.<rippear  nt  !<ome  seasons.  The 
head  ii  smaller  than  the  tail,  which  fixrs  itself  very  firmly  to 
any  thinir  thecreatur**  pleases.  It  is  vi\ip;iroas,  and  produres 
but  n:ie  >nuni^  at  a  time,  which  is  in  the  month  of  July.  It  is 
nn  inhabitant  of  clear  runnint;  waters,  and  Is  well  known  for  its 
ii«r  in  bleedinir.  The  mouth  of  the  leech  is  armed  with  a  sharp 
instrument.  th:it  makes  three  uounds  at  once,  and  may  be  com- 
pared to  the  lioily  of  the  pump,  and  the  tonirue  or  fleshy  nipple 
to  the  sucker ;  by  the  workiufc  of  this  pitre  of  merhanisni  the 
blood  is  made  to  rise  up  to  the  conduit  which  conveys  it  to  the 
smimal's  stomach,  whirh  is  a  mrniliranaccnus  skin,  divided  into 
itienty>four  cells.  The  blood  which  i^  sucked  out  is  thrrc 
preserved  for  several  months,  almost  without  conirulatinir.  niul 
proves  a  store  of  proviiinn  to  the  animal.  It  is  usrd  in  incdi- 
cine,  brin^  applied  to  the  skin  in  order  to  draw  f»lf  blood. 
With  this  view  thry  are  employed  to  plilcbotoniize  vounL'  chil- 
dren. If  the  leech  docs  not  fasten,  a  drop  of  su;rared  milk  is 
pat  on  the  spot  it  is  wished  to  Ax  on.  or  a  little  Mood  is  drawn 
liy  means  of  a  sli;;ht  puncture,  after  which  it  imnwdiately  set- 
tles. The  leech,  when  fixed,  should  be  uatcliid,  lent  it  should 
find  its  1% ay  into  the  anus  h hen  used  fi>r  the  hcmoirhoiffs,  or 
penetrate  into  the  trsophsirns,  if  cmpiovcd  to  draw  the  &;oms. 
In  such  a  casr,  the  best  and  quickest  remedy  is  to  swallow 
S'-iiic  salt :  uhich  is  the  method  practised  to  make  it  loose  its 
li'il  i  whi  n  it  sucks  lon>cer  than  it  w^s  intenilcd. 

II.  sah:£uisu}:a,  horse  leech  :  is  elouLMted.  nlive-brown.  «iih 

•  »:i  oi'hrc  yellow  murjcinal  band  ;  found  in  s::iennnt  \v-itrr.4, 
liitches,  and  ponds:  troui  four  to  six  inches  loni;:  ho<!\  :ibo>e 
dull  olive  bifick,  utth  an  ochre  niar^ia  un  each  side;  beneath 
paler,  uith  sonielinies  a  few  blmk  spots:  tail  thicker  than  the 
head.  This  species  .sucks  blood  uith  irreat  aridity,  and  in 
lar^c  iiuaniilii:s. 

HIKliNI)t>,the.SV'4i//<)ir',  in  Nntural  History,  :i  ^enus  of  birds 
of  the  order  pas.seres.  These  live  almost  perpetoaily  in  the 
air.  and  perform  in  it  every  act  of  their  nature.  Tliev  subsist 
upon  the  insects  with  which  that  element  abounds,  and  which 
thff*T  catch  on  the  winfc  with  admirable  <lexterity  ;  and  for 
this  purposi;  they  are  furnished  with  a  must  extraordinary 
power  of  distondini;  their  jaws.  The  service  they  perfi»rni  to 
man  by  their  incerisant  assiduity  in  this  work  of  destruction  is 
ijfit  lischtty  to  be  nppieciated,  and  those  who  observe  the  croud- 
cd  population  of  the  atmosphere  through  the  bi-ams  of  a  sum- 
mer evening,  will  easily  he  led  to  believe  that,  but  for  the  in- 
terrrptiou  of  incalculable  nuriads  of  insects  by  these  birds, 
th<*  annoyance  of  man  by  these  minute  animals  would  be  highly 
ilii&trcs«inK,  and  perhaps  almost  iutnlerablo.  \  arious  opiuinns 
have  been  formed  of  the  st^iic  in  which  they  exist  duriiiK  the 
time  of  tbinr  disappearance :  some  imat^inimc  them  to  lie  torpid 
ia  the  banks  of  rivers,  or  in  decayed  trees,  or  in  ruined  edifiecM 
or  vanlts:  and  others,  that  they  retire  for  the  winter  from  the 
ftir  to  the  Hater,  him;  in  immense  clusters,  like  >warms  nt  bees 
al  the  bottoui>  of  rivers.  Particular  f.iets  are  on  record,  by 
respectable  testimony,  in  favour  of  both  these  h\|Mithrses.  It 
AS  also  attc«ied.  'in  similar  authority,  that  mi^r.itioii»  i»('  these 
Urds  actually  tnke  place,  and  that  they  ipiit  this  country 
Inwards  winter,  for  one  where  the.v  may  enjov  a  mibler  climate, 
rfud    more  plentiful  food.     Tiicy  ;ire  to  be  met  with  in  every 

•  i>untry  of  iiic  world,  and  in  all.  or  nearly  so,  are  found  to  be 
uiiffratory.     There  are  thirty-si:\en  species. 

The  house  swallow,  appears  in  March  in  this  country,  and 
ita«i*s  it  in  Si-ptcmber.  It  'generally  builds  in  Hiiinneis.  nr 
Tinder  the  ea«cs  of  houses,  anti  will  rdiirn.  unless  ioierrui  led. 
I'i  its  oriKinal  haunt  for  a  numlir-r  nt'  veats.  These  btnis 
brred  twice  a  year.  They  are  easily  rcodereil  familiar ;  and 
It  has  been  calculated  that  a  stii;:le  swallow  will  devour  Hum 
acsrn  hundred  to  a  thousand  flies  in  one  day. 

The  niartin  arrives  io  thuouiuiny  rather  later  than  the  swai« 
IX. 


low,  and  remains  lnng:er.  It  builds  often  in  the  crairs  of  rorks 
near  the  sea  ;  often  under  the  eaves  and  cornices  of  houses.  As 
soon  as  the  youmr  are  able  to  tly,  they  are  fed  oy  the  old  birds 
upon  the  wiui:,  by  a  process  so  rapid  and  instantaneous,  n% 
almost  to  be  deemed  incredible  b}  those  who  have  not  actually 
witnessed  it.  Before  their  departure,  they  rollect  in  immense 
fI(M*ks  in  the  small  islands  of  the  Thames,  where  they  roost, 
and  in  their  fiiehts  about  which  they  almost  obscure  liy  thi  ir 
numbers  the  face  of  the  sky. 

The  swift  arrives  later  and  quits  soi»ner  than  any  other  spe- 
cies, and  is  also  lartccr  and  stronger.  It  buihis  in  elevated 
situations,  particularly  about  chnrchcs  and  steeples.  As  tbi-se 
birds  catch  at  almost  every  thinir  in  the  air.  they  are  tak*'n 
sometimes  by  a  cock-chatfer  or  other  insects  lied  to  a  tbrcinl. 
They  retire  darinsc  the  heat  of  the  day,  but  in  the  morning 
nnd  eveninir  are  iiieessRiitly  (m  the  winir,  takimr  higher  and 
bolder  Ili;;hls  than  the  swallows,  and  always  keeping  separate 
from  them.    Thcv  leave  this  island  in  August. 

The  Chinese  swallow,  is  said  to  be  less  than  the  wren  by 
some  authors,  while  others  attribute  to  it  the  siito  of  the  martin. 
This  bird  is  principally  remarked  for  its  nest,  which  is  retrard- 
cd  as  one  of  the  grreatest  lo.xuries  on  which  the  ei>ieure  can 
b:ini(!if'l. 

lllSTnHY,  is  a  cimneetcd  recital  of  pa*t  or  present  events. 
It  is  the  olhee  of  thv  hi^ioriaii  to  Unvv  the  progress  of  man 
I'roiM  the  savage  slate  ami  ihroiich  the  internwdiate  decrees  of 
civilisation,  to  the  m^arest  approach  to  pcrleetion  of  which 
social  institiiti'iiis  .ire  capable.  It  falls  wiilmi  his  province  tt> 
note  the  elTects  of  laws  and  political  rei:nlaiioiis.  nnd  to  recoid 
the  revolutions  which  have  been  produced  in  <•!  iies  by  extei- 
nal  violence,  fir  the  gradual  corruption  of  anrieot  s\  sterns  nf 
srovernnient.  The  record  of  past  transaction*,  when  .lilifi^cntly 
and  minutely  examined,  will  present  to  the  pfiliiiei.in  matter 
I  I  warning:  and  of  instruction,  and.  in  a  moral  poitit  of  «iew.  his- 
tory is  extremely  useful,  as  it  points  out  the  issues  of  thiims, 
and  exhibits,  as  its  «rencrnl  re>ult,  the  reprobation  co:isei{iient 
upon  vice,  and  the  ulorv  which  awaits  virtue. 

The  student  of  hisitory  inii<*t  make  himself  master  of  the  de- 
tails of  iceoicrapby.  Uie  priiiciple<i  of  statistical  cidcnlalions.  and 
the  niiiiutia*  id'  elmiii'l-uicil  rc«e'irehe.<.  ile  ouirhl  likcwi>e 
to  be  animated  by  a  spirit  <»l  piiil<'<oi>hirHl  impiiry.  that  hemav 
distinguish  truth  from  fiilsc hood,  ai.d  be  aMi*  to  <iediiee  iiselul 
conscipiences  from  the  facts  passim:  in  review  bcloic  him.  in 
the  obscure  records  of  former  times,  or  amidst  the  misrepre- 
Hcntalions  of  factious  muliirnity.  lie  must  have  a  minute 
knowledKC  of  the  human  heart,  and  pivc  due  ueiuht  to  circnm- 
stances  and  situ.ition.s.  Let  him  not  direct  his  ehiei  attention 
to  the  frivolous  anecdotes  of  a  court,  but  to  ilie  ciic-ini»tuuces 
which  stamp  the  character  and  decide  the  dc«tui\  ol  a  nation. 

HIVE.      Sir  liKk. 

lion,  an  instrument  used  t«Y  carry  bricks  and  mortar  in  up 
ladflers. 

MoK.  in  cf»nntr>  affairs,  a  tifol  made  like  a  cooper  s  adze,  to 
cut  upwartl^.  in  gardens,  fields.  \c. 

liOKIC  l>4\,the  Tuesday  after  Kastcrweek.  which  was  the 
da>  on  which  the  Kntclish  eompicrrd  and  expelled  iIm*  Danes; 
this  was  therefore  ke|it  as  a  da>  of  rcjoicinje.  and  a  dutv.  called 
Hoke  Tue*.day  money,  was  paid  to  the  landbod,  for  giviOK  liis 
tenatits  and  bondmen  lea\e  lu  celebrate  it.. 

Hit  LCI'S,  indimn  Mn/ht,  or  Luih,  a  (cenus  of  the  pidvcsmi'i 
momrcia  class  and  order  of  plants.  Natural  order  of  grasses. 
Kssential  character:  hermaphrodite,  calvx  ^lume.  one  or  two 
llowered;  corolla  fclunie.  awned:  stamina  three:  ttvlestuo; 
.seed  one  ;  male,  calyx  plume.  Iwo-valved ;  cor<dlii  none;  sia- 
n-ina  three.    There  are  li"»  specii-s. 

nnt.|>.  the  whole  intcriitr  cavity  or  bellv  of  a  ship,  or  ail 
that  part  of  her  insi<li?  which  is  eomprcbemled  between  the 
!!oor  ami  the  lower  deck,  throughout  her  Icusth.  This  capa- 
cious ap.irtment  usoally  contains  the  ballast,  piuvi!iion».  aiid 
stores  ol  a  ship  of  war,  and  the  principal  part  of  the  cargo  in 
a  merchantman  :  in  the  former  it  is  divided  into  several  apart- 
ments (ill  balk-iieads)  which  are  denominated  according  to  the 
articles  which  they  contain,  as,  the  lish-roow.  the  spirit-rooin, 
the  maeajane.  the  bread  room.  t^c.    Str  the  artirle  .Srowtut. 

The  nfirr  lloLii,  i$  that  which  lies  abaft  the  main  mast,  and  it 
usualiv  set  apart  fur  the  stuwajce  of  the  piovisioosin  ships  of  war. 
ii  \ 
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ThefoTB  Hold,  denotes  that  part  of  the  bold  which  is  situ- 
ated in  the  fore  part  of  the  ship,  or  abont  the  fore  hatchway. 
It  is  asaaliy  in  continuation  with  the  main-hold,  and  serves  the 
same  purposes. 

Tlie  mam-HoLD,  that  part  which  is  just  before  the  main-mast, 
and  which  generally  contains  the  fresh  water  and  beer  for  the 
use  of  the  ship's  company. 

Hold  Fast^  a  large  piece  of  iron,  in  the  shape  of  the  letter  S, 
fixed  into  the  wall  to  strengthen  it.  Also  a  tool  used  by 
joipers,  carvers,  &c.  which  goes  through  their  benches  to  hold 
fast  work  that  cannot  be  finished  in  the  hand. 

HOLLAND,  a  fine  and  close  kind  of  linen,  so  called  from  its 
being  first  manufactured  in  Holland. 

HOLLOW  Square,  in  the  Military  art,  a  body  of  foot  soldiers 
drawn  up,  with  an  empty  space  in  the  middle  for  colours, 
baggage,  &c. 

HOLOCENTRUS,  a  genus  of  the  order  of  the  thoracici,  of 
which  there  are  35  species. 

HOLO METER,  a  mathematical  instrument  that  serves  uni- 
Tersaliy  for  taking  all  measures,  both  on  the  earth  and  in  the 
heavens. 

HOME,  in  a  Naval  sense,  signifies  the  situation  of  some 
object  where  it  [retains  its  full  force  of  action,  or  where  it  is 
properly  lodged  for  convenience  or  security.  In  the  former 
sense,  it  is  applied  to  the  sails,  and  in  the  latter  it  usually 
refers  to  the  stowage  of  the  hold,  or  the  anchors. 

To  haul  Home  the  Topsail-sheets ^  is  to  extend  the  bottom  of 
the  top-sail  to  the  lower  yard-arms  by  means  of  the  sheets. 

Sheet  Home  the  Top-galU^nt-sails,  the  order  to  extend  the 
clues  of  those  sails  to  the  top-sail  yard-arms. 

In  the  stowage  of  the  hold,  a  cask  is  said  to  be  home  when 
it  bears  against  or  li^s  close  to  some  other  object,  and  indeed 
the  security  or  firmness  of  the  stowage  greatly  depends  on  tiib 
circumstance. 

Tlie  Cartri^e  is  Ho  MB,  i  e.  is  rammed  close  down,  so  as 
that  the  priming-wire  may  pierce  it  through  the  touch-hole* 

HOMER,  Ombr,  CoruSf  or  Chomer^  in  Jewish  antiquities,  a 
measure  containing  ten  baths,  or  seventy-five  gallons  and  five 
pints,  as  a  measure  for  things  liquid ;  and  thirty-two  pecks  and 
one  pint,  as  a  measure  for  things  dry. 

HOMICIDE,  in  Law,  the  killing  of  a  man  by  man.  Of  this 
there  are  several  species,  as  homicide  by  self-defence,  homi- 
cide by  misadventure,  justifiable  homicide,  manslaughter, 
chance  medley,  and  murder.  Homicide  by  self-defence,  or  se 
defendendo,  is  where  one  has  no  other  possible  means  of  pre- 
•erving  his  life  from  one  who  combats  with  him  on  a  sudden 
quarrel,  and  kills  the  person  by  whom  he  is  reduced  to  such 
inevitable  necessity.' 

Homicide,  by  misadventure,  is  vthere  a  man  in  doing  a  law- 
ful ^ct,  without  any  intent  to  hurt,  unfortunately  chances  to  kill 
another.  Neither  homicide  by  misadventure,  nor  homicide  se 
drfendendo,  are  felonious,  because  not  accompanied  with  a 
felonious  intent. 

Homicide,  Justifiable.  To  make  homicide  justifiable,  it  must 
be  owing  to  some  unavoidable  necessity,  to  which  a  person 
who  kills  another  must  be  reduced,  without  any  manner  of 
fault  in  himself.  Justifiable  homicide  of  a  public  nature  is  such 
as  is  occasioned  by  the  due  execution  or  advancement  of 
public  justice. 

Homicide,  Manslaughter,  is  either  with  or  without  malice ; 
that  which  is  without  malice  is  called  manslaughter,  or  some- 
times chanoe  medley,  or  chaud  medley ;  by  which  is  understood 
such  killing  as  happens  either  on  a  sudden  quarrel,  or  in  the 
commission  of  an  unlawful  act,  without  any  deliberate  inten- 
tion of  doing  any  mischief  at  ail.  The  only  difference  between 
murder  and  manslaughter  is,  that  murder  is  upon  malice 
aforethought,  and  manslaughter  upon  a  sudden  occasion. 

Chance,  or  Chaud  Medley.  Authors  of  the  first  authority 
disagree  about  the  application  of  this  word.  By  some  it  is  ap- 
plied to  homicide  by  misadventure,  by  others  to  manslaughttf. 

Murder  it  the  highest  crime  against  the  law  of  nature  that  a 
man  is  capable  of  committing.  It  is,  when  a  man  of  sound 
memory,  and  at  the  age  of  discretion,  unlawfully  kills  another 
person  under  the  king\i  paeoe  with  malice  aforethought,  either 
•zpressed  by  the  party,  or  Implied  by  the  law,  so  as  the  party 
vrooiided.or  htfrt  dia  jpf  the  wound  or  hurt  within  a  year  and  a 


day,  the  whole  day  on  which  the  hurt  was  done,  being  reckoned 
the  first— The  law  so  far  abhors  all  duelling  in  cold  blood,  that 
not  only  the  principal  who  actually  kills  the  other,  but  alto  his 
seconds  and  those  of  the  persons  killed  are  accounted  guilty  of 
murder. 

HOMINE  Rbplegiando,  a  writ  to  bail  a  man  out  of  prison. 

HOMO,  ilfan,  in  Natural  History,  is  ranked  by  Linnsem 
under  the  order  primates,  which  is  characterized  by  having  four 
cutting  teeth  in  the  upper  and  lower  jaw,  and  two  mamme  in 
the  breast. 

H0M06ENEAL,  or  Homogeneous,  Is  a  term  applied  to 
various  subjects  to  denote  that  they  consist  of  similar  parts, 
or  of  parts  of  the  same  nature  and  kind ;  in  contradistinctioB 
to  heterogeneous,  where  the  parts  are  of  different  natures,  ice 

Natural  bodies  are  generally  composed^  of  homogeneous 
parts,  as  a  diamond,  a  metal,  &c.  Artificial  bodies,  on  the 
contrary,  are  assemblages  of  heterogeneous  parts,  or  parts  of 
different  qualities,  as  a  building  of  stone,  wood.  Sec. 

Homogeneal  Liglit,  is  that  whose  rays  are  all  of  one  and  Ike 
same  colour,  degree  of  refrang^bility,  and  reflexibility. 

Thus  if  the  ratio  of  A  to  B  be  the  same  as  that  of  C  to  D 
A  is  homologous  to  C  as  B  to  D ;  because  of  the  simUitade 
between  the  antecedents  and  consequents.  The  two  antece- 
dents and  the  two  consequents,  then,  in  any  continued  geosM- 
trical  proportion,  are  homologous  terms, 
•  Thus,  the  base  of  one  triangle  is  homologous  to  the  base  of 
another  similar  triangle;  so  in  similar  triangles,  the.stdei 
opposite  to  equal  angles  are  said  to  be  homologous. 

Equiangular,  or  similar  triangles,  haye  their  homologon 
sides  proportional. 

All  similar  triangles,  rectangles,  and  poljgonsy  are  to  each 
other  as  the  squares  of  their  homologous  sides. 

HOMOGENEOUS  Surds,  those  which  have  the  sameraii- 

cal  character  or  signs,  as  ^y^^a,  and  'i\Jb. 

HOMOLOGOUS,  in  Geometry,  an  appellation  giTeatDtbt 
eorresponding  sides  and  angles  of  simUar  figures,  as  bcto; 
proportional  to  each  other. 

HONE,  a  fine  kind  of  whetstone,  used  for  setting  raiors,lDe. 

HONEY,  is  a  sweet  and  fluid  Isubstance,  which  is  coOected 
from  flowers,  and  deposited  in  the  cells  of  the  combs  for  m^ 
port  of  the  bees  and  their  offspring.  The  honey  made  by  yom| 
bees  is  purer  than  any  other,  and  is  thenoe  called  virgin  ksneg. 
Before  the  discovery  of  sugar,  honey  was  of  mueh  greats 
importance  than  it  is  at  present.  Yet,  hoth  as  a  defictoai 
article  of  food,  and  as  the  basis  of  a  wholesome  fenneatoi 
liquor  called  meadf  it  is  of  no  mean  value  even  in  this  ooaaliy; 
but  in  many  parts  of  the  continent,  where  sugar  is  moeh  deam 
than  with  us,  few  articles  of  rural  economy,  not  of  priaaiy 
importance,  would  be  dispensed  with  more  relnctaady  tta 
honey.  In  the  Ukraine,  some  of  the  peasants  haTe  eadi4Mc 
500  bee-hives,  and  make  more  profit  of  their  bees  than  of  cpn. 
And  in  Spain  the  number  of  hives  is  almost  incredible;  a  siigle 
parish  priest  is  stated  to  have  possessed  5000. 

HONEY-COMB,  in  Gunnery,  is  a  flaw  in  the  metalofafien 
of  ordnance,  when  it  is  ill  cast  and  spongeous.  Sea  tha  arti- 
cle Gun. 

HONOUR,  in  Law,  is  used  especially  for  the  more 
sort  of  seigniories  on  which  other  inferior  lordships  or 
depend,  by  performance  of  some  customs  or  seiriees  to 
who  are  lords  of  them.  Before  the  statute  18  Bdward  L  thi 
king's  greater  barons,*  who  had  a  large  extent  of  tenilsif 
holden  under  the  crown,  frequently  granted  out  smalleramHD 
to  inferior  persons  to  be  holden  of  themseWes :  which  thsnlnt 
now  continue  to  be  held  under  a  superior  lord,  who  it  eaMia 
such  cases  the  lord  paramount  over  all  these  manors ;  aad  lit 
seigniory  is  frequently  termed  an  honour,  not  a  manor,  mif^ 
cially  if  it  has  belonged  to  an  ancient  feudal  baron,  or  hasa  si 
any  time  in  the  hands  of  the  crown.  When  the  king  graats  m 
honour  with  appurtenances,  it  is  superior  to  a  manor  wiHiif- 
purtenances  ;  for  to  an  honour,  by  cominon  intendment,  tsffm- 
tain  franchisss,  and  by  reason  of  those  liberties  and  franchttft, 
it  is  called  an  honour. 

Honour,  Courts  of.  Those  which  determine  dispoles  99^ 
corning  precedency  and  points  of  honour. 

HONOURS,  Military.  All  armies  salote  orownad  heaii 
in  the  most  rtspeotfal  manner,  ooloan  aad  staadaida  drofpii|» 


H  OF 


DIOnONAXY  OP  MKCHANICAL  8C1BNCB. 


HOE 


4<» 


and  offloers  lalotiD;.    DilTcreot  ranks  of  officers  are  saluted  io 
a  different  mode. 

HoNoi'RS  of  ffiir,  are  terms  granted  to  a  vanquished  enemy, 
and  by  which  be  is  |»ermitted  to  march  out  of  town,  &c.  with 
all  the  iniifcnia  of  military  etiquette. 

HOOD,  a  sort  of  low  wooden  porch,  resemblinj;  the  compa- 
nion, (which  see)  of  the  master's  cabin,  and  is  placed  over  the 
ladder  which  leads  to  the  steerage  in  merchant  ships.  Its  use 
is  to  prevent  the  rain  from  falling  into  the  Bteervge,  but  at  the 
same  time  to  admit  the  air  and  light. 

Hood,  is  also  a  name  given  to  the  upper  part  of  a  galley- 
chimney,  which  being  in  the  shape  of  the  letter  L  reversed,  is 
trimmed  or  turned  round  according  to  the  various  directions  of 
the  wind,  that  the  smolie  may  always  6y  to  leeward. 

Fort  Hood,  or  AfUr  Hood^  or  Whood,  or  Wkoodem  Ends^  a 
name  given  to  the  ends  of  the  planks  which  are  let  into  the 
channels  of  the  stem  and  stern- post 

Hood,  of  a  Pump,  a  short  semi-cylindrical  frame  of  wood, 
•erring  to  cover  the  upper  wheel  of  a  chain-pump. 

Pimtal  Hoods,  or  Whoods,  large  thick  piecesof  timber,  which 
encircle  the  hawse-holes. 

HOOK,  a  crooked  piece  of  iron,  of  which  there  are  several 
kinds,  of  different  shapes  and  sites,  used  at  sea ;  as  boat- 
hooks,  breast-hooks,  can-hooks,  cat-hooks,  fish-hooks,  &c.  which 
see.    Foot-hooks  are  the  same  as  Futtocks,  which  see. 

Lmying  Hook,  a  winch  for  twisting  a  rope,  used  in  rope- 
making. 

Loof  Hooks,  a  tackle  with  two  books,  one  to  hitoh  into  a 
cringie  of  the  main  or  fore-sail  in  tbe  bolt-rope,  at  the  leach  of 
the  sail  by  the  clew,  and  the  other  is  to  hitch  Into  a  strap  which 
is  spliced  to  the  ebeu-tree.  Their  use  is  to  pull  down  the  sail, 
and  succour  the  tackle  in  a  large  sail  or  stiff  gale,  that  all  the 
stress  may  not  bear  upon  the  tack.  It  is  also  used  when  the 
tack  is  to  be  seised  more  secnre,  and  to  take  off  or  put  on  a 
bonnet  or  drabler. 

Hook  and  Buit,  the  scarfing  or  laying  two  ends  of  planks 
over  each  other. 

Hook  Pins,  are  bolts  made  with  a  shoulder  at  one  end,  and 
nsed  by  carpenters  in  framings. 

HOOKB.  Robert,  a  celebrated  mathematician,  was  born  in 
the  Isle  of  Wight,  in  1635,  and  very  early  gave  proofs  of  a  very 
saperior  genius :  he  was  first  an  assistant  to  Dr.  Wallis,  and 
afterwardls  to  Mr.  Bo>le,  to  whom  he  was  very  useful  in  tbe 
coDstroction  of  his  air-pump.  He  was  a  man  of  great  mecha- 
nical genius,  and  the  sciences  are  indebted  to  him  for  several 
▼alnahle  instruments  and  improvements.  The  fallowing  are 
the  inventions  and  discoveries  to  which  he  laid  olaim : 

Tbe  wheel  barometer:  a  scapement  for  maintaining  the 
▼ibration  of  the  pendoimn;  tbe  double-barrelled  ai»>pamp: 
t^e  conical  pendulum :  an  engine  for  cutting  clock  and  watch 
wheels;  a  method  of  supplying  air  to  a  diving-bell ;  a  reflecting 
qaadrant ;  tbe  marine  barometer ;  the  marine  gage ;  a  uni- 
versal joint  for  mechanical  purposes;  besides  a  great  variety 
of  other  mechanieal  contrivances,  which  our  limits  will  not 
admit  of  detailing.  His  writings  are  both  numerous  and 
Talnable;.bnt  all  his  discoveries  and  inventions  are  now  tbe 
common  property  of  science.  Hooke  was  professor  of  mathe- 
matics in  the  Royal  Society,  and  at  Gresham  College,  London, 
vbere  be  died  in  1703. 

UOPPBR,  a  kind  of  basket,  wherein  the  seed-corn  is  car- 
ried at  the  time  of  sowing.  It  is  also  used  for  the  wooden 
trongh  la  a  mill,  into  which  the  oom  is  pnt  to  be  ground.    Set 

lIltL. 

HOPS,  the  dried  flower-bods  of  a  British  climbing  plant, 
which  in  some  parts  of  Bnglaad  grows  wild ;  but  which  gene- 
9Uy  are  cultivated  in  plantations  that  rc«[nire  the  growth  of 
•one  years  before  they  are  in  perfection.  The  plants  begin  to 
posh  op  their  young  stems  abont  the  month  of  ApriL  When 
these  are  three  or  fonr  inches  above  the  gronnd,  poles  about 
twenty  feet  high  are  driven  in  to  support  them  in  their  growth. 
Hie  season  for  picking  hops  nsnally  commences  about  the  mid- 
dle of  September.  This  work  is  performed  by  men,  women, 
and  children.  Proper  baskets,  bins,  or  cribs,  being  in  readiness, 
the  plants  ar/s  cot  off  close  to  the  ground,  and  the  poles  drawn 
op.  These  ara  placed  npon  the  Uns.  with  the  planu  upon 
and  thraa  or  more  persons  on  each  lido  pick  off  the  hops. 


After  this  tbcy  are  dried  in  a  kiln,  and  when  dry,  are  carried 
into,  and  kept  for  five  c»r  six  dajs  in  an  apartment  called  tft^ 
stowage  room,  until  thry  are  in  a  state  to  be  put  into  bags. 
This  is  done  through  a  round  hole,  or  trap,  cnt  in  the  floor  of 
the  stowage-room,  exactly  equal  to  the  dimensions  of  the 
mouth  of  the  bag,  and  immediately  under  which  to  a  frame  of 
wood  this  mouth  in  fastrncd.  In  each  of  tbe  lower  corners  oi 
the  baic  a  small  handiul  of  hops  is  tied;  and  a  person  called 
the  packer  pluccA  himnflf  in  it,  and,  bv  a  heavy  leaden  weight, 
which  he  constantly  moves  round  in  the  places  where  he  is  not 
treading,  presses  and  forces  the  hops  down,  in  a  very  close 
manner,  into  the  hag,  as  fast  as  they  are  thrown  to  him  by 
another  labourer.  The  work  thus  proceeds  till  the  bsg  is  auite 
full,  when  each  of  the  upper  corners  has  a  few  hops  tied  in  it, 
in  the  same  manner. 

^  HORARY,  or  Hot'R  CiRCLK  of  a  Glosk,  is  a  small  brasen 
circle,  fixed  upon  the  brasen  meridian,  divided  into  twenty- 
four  hours,  havinir  an  index  moveable  ronnd  the  axis  of  the 
globe,  which  upon  turning  the  globe  fifteen  degrees,  will  shew 
what  places  have  the  sun  an  hour  before  or  after  us. 

Horary  VircltM  or  Lines,  in  Dialling,  are  the  lines  or  circles 
which  mark  the  hours  on  sun-dials.    Set  Dialling. 

Horary  Motion  of  the  Earth,  the  arch  it  describes  in  tbe 
space  of  an  hour,  which  is  nearly  16  degrees,  though  not 
accurately  so,  as  the  earth  moves  with  different  velocities, 
according  to  its  greater  or  lesser  distance  from  the  sun. 

HORDE,  in  Geography,  is  used  for  a  company  of  wandering 
people,  which  have  no  settled  habitation,  but  stroll  about, 
dwelling  in  waggons  or  under  tents,  to  be  readv  to  shift  as 
soon  as  the  herbage,  fruit,  and  the  present  produce,  is  eaten 
bare. 

HORDEUM,  in  Botany.  Barley,  a  genus  of  the  triandria 
digynia  class  and  order.  Natural  order  of  grasses.  Essential 
character:  calyx  lateral,  two-valvcd,  onc-llowered,  by  threes, 
at  each  toothlet  of  the  rachis.    There  are  nine  species. 

HORIZON,  the  line  that  seems  to  link  the  land  or  sea  and 
sky  ;  and  it  is  either  rational  or  Mensihle, 

The  Rational,  True,  ur  Astronomical  Horizon,  whieh  is  also 
called  simply  and  absolutely  the  horison,  is  a  great  circle, 
whose  plane  passes  through  the  centre  of  the  earth,  and  whose 
poles  are  the  senith  and  nadir.  It  divides  tbe  sphere  into  two 
equal  parts  or  hemispheres. 

The  Sensible.  Visible,  or  Apparent  Horison,  is  a  lesser  circle 
of  the  sphere,  which  divides  tne  visible  pari  of  the  sphere  from 
the  invisible,  its  poles  are  likewise  the  zenith  and  nadir ;  and 
consequently  the  sensible  horison  is  parallel  to  the  rational, 
and  it  is  cut  at  right  angles,  and  into  two  equal  parts,  by  tbe 
vertical.  These  two  horisons,  though  distant  from  each  other 
by  the  semidiameter  of  the  earth,  will  appear  to  coincide,  when 
continued  to  the  sphere  of  the  fixed  stars,  because  the  earth 
compared  with  this  sphere  is  hut  a  point.  The  sensible  hori- 
son is  divided  into  eastern  and  western. 

The  Eastern  or  Ortive  Horizon,  is  that  part  of  the  horison 
wherein  the  heavenly  bodies  rise. 

The  Western  or  Otcidual  Horizon,  is  that  wherein  the  stars 
set. 

By  sensible  horison  is  also  frequently  meant  a  circle,  which 
determines  the  segment  of  the  surface  of  the  earth,  over  which 
the  eye  can  reach ;  called  also  the  physical  horison.  In  this 
sense  we  say,  a  spacious  horison,  a  narrow  soanty  horison. 

It  is  manifest,  from  the 
annexed  figure,  that  the 
higher  tbe  spectator  is  rais- 
ed above  the  earth,  the  far- 
ther this  visible  horison  will 
extend,  as  the  respective  dis- 
tances AD.  B  A,  will  be  the 
greater.  On  account  of  the 
refraction  of  the  atmosphere, 
distant  objects  on  tbe  horison 
appear  higher  than  they  really  are,  or  appear  less  depressed 
below  the  trae  horison  S  8,  and  may  be  seen  at  a  greater  dis- 
Unce,  especially  on  the  sea.  Legendre  says,  that,  from  several 
esperimenU,  ho  is  induced  to  allow  for  refraction  a  I4lh  part 
of  the  distance  of  the  place  observed,  expressed  hi  degiaes 
and  ■dantas  oC  a  gnat  ctrolc.    Tkni»if  the  dislaaoo  bo  \4fm 
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toises,  the  refraction  will  be  1000  toises,  eqaal  to  tbe  57th  part 
of  a  degree,  or  I'  3", 

Horizon  of  a  Globe,  the  broad  wooden  circular  ring  in 
which  the  globe  is  fixed.  On  this  are  several  concentric  cir- 
cles, which  contain  the  months  and  days  of  the  year,  the  cor- 
responding signs  and  degrees  of  the  ecliptic,  and  the  32  points 
of  tiie  compass. 

Artificial  Horizon,  is  a  contrivance  intended  to  be  employed 
in  taking  altitndes  with  HadJey's  quadrants,  of  which  there  arc 
several  constructions. 

HORIZONTAL,  something  relating  to  the  horizon;  or  that 
is  taken  in,  or  on  a  level  with  the  horizon. 

Horizontal  Dial,  is  one  drawn  on  a  plane  parallel  to  the 
horizon,  having  its  gnomon  or  style  elevated  according  to  the 
altitude  of  the  pole  of  the  place  it  is  designed  for. 

Horizontal  Distance,  is  that  estimated  in  the  direction  of 
the  horizon. 

Horizontal  Line,  in  Perspective,  is  a  right  line  drawn 
through  the  principal  point,  parallel  to  the  horizon ;  or  it  is  the 
intersection  of  the  horizontal  and  perspective  planes. 

Horizontal  Line,  or  Base  of  a  Hill,  in  Surveying,  a  line  drawn 
on  the  horizontal  plane  of  the  hill,  or  that  on  which  it  stands. 

Horizontal  Plane,  in  Perspective,  a  plane  parallel  to  the 
horizon,  passing  through  the  eye,  and  cutting  the  perspective 
plane  at  right  angles. 

Horizontal  Range,  of  a  piece  of  ordnance,  is  the  distance 
at  which  a  ball  falls  on  or  strikes  a  horizontal  plane,  whatever 
be  the  angle  of  elevation  or  direction  of  the  piece.  When  tbe 
piece  is  pointed  parallel  to  the  horizon,  the  range  is  then  called 
the  point-blank,  or  point-blank  range.  The  greatest  horizontal 
range,  in  the  parabolic  theory,  or  in  a  vacuum,  is  that  madcf 
with  the  piece  derated  to  45  degrees,  and  is  equal  to  double 
the  height  from  which  a  body  must  freely  fall,  to  acquire  the 
velocity  with  which  the  shot  is  discharged.  But  in  a  resisting 
medium  like  the  atmosphere,  the  elevation  ofihe  piece,  to  shoot 
farthest,  is  always  below  45  degrees,  and  gradually  the  more 
below  it  as  the  velocity  is  greater ;  so  that  the  greater  velo- 
cities with  which  balls  are  discharged  from  cannon  with  gun- 
powder, require  an  elevation  of  the  gun  equal  to  but  about  30 
degrees,  or  even  less.  And  the  less  tbe  size  of  the  balls  is,  too, 
the  less  must  this  angle  of  elevation  be,  to  shoot  the  farthest 
with  a  given  velocity.    See  Gunnery. 

Horizontal  Speculum,  consists  in  a  well  polished  metal 
speculum,  about  three  or  four  inches  in  diameter,  enclosed 
within  a  rim  of  brass;  so  fitted,  that  the  centre  of  gravity  of 
the  whole  shall  fall  near  the  point  on  which  it  turns. 

HORN.  The  horns  of  oxen  are  used  for  many  of  the  same 
purposes  as  bone.  After  having  been  softened  by  heat,  they 
are  capable  of  being  moulded  into  almost  any  shape.  They  are 
sometimes  stained  in  such  a  manner  as  to  indtate  tortoise  shell, 
and  are  then  used  for  the  making  of  combs.  By  a  peculiar 
process  they  are  rendered  semi-transparent,  and  when  formed 
into  thin  plates,  are  employed  instead  of  glass  for  lanterns. 
Horn  was  the  first  transparent  matter  that  was  ever  used  for 
lanterns  and  windows. 

Horn,  is  also  a  musical  instrument  of  the  wind  kind.  Tbe 
French  bom  is  bent  into  a  circle,  and  goes  two  or  three  times 
round,  growing  gradually  bigger  and  wider  towards  the  end, 
which  in  some  horns  is  nine  or  ten  inches  over. 

Horns  o^  insects,  the  slender  oblong  bodies  projected  from 
the  heads  of  those  \inimals,  and  otherwise  called  antennae,  or 
feelers.  The  horns  of  insects  are  extremely  various ;  some 
being  forked,  others  plumose  or  featliered.  cylindrical,  taper- 
ing,  artioolated.  Sec.  Some  have  imagined  they  served  to  wipe 
and  defend  the  eyes ;  others,  that  they  served  as  feelers,  lest 
tbe  ^ature  should  run  against  any  thing  that  might  hurt  it ; 
and  <ithers  think  them  the  organs  of  smelling. 

Horn  Ore,  in  Mineralogy,  is  one  of  the  speoies  of  silver  ore ; 
its  most  frequent  colour  is  pearl-grey.  It  is  found  massive, 
disseminated  in  thick  membranes,  in  roundish  hollow  balls; 
also  crystallized.  It  occurs  in  veins,  and  is  usually  acconw 
panied  with  brown  iron  ochre,  and  with  silver  glance. 

HORNSTONE,  or  Hormteen,  in  Mineralogy,  a  species  of 
the  flint  genus,  divided  into  three  sub-species :  tbe  splintery, 
the  ooBohoidal,  and  the  woodstone.  The  roost  common  ooloor 
of  the  splintery  homstooe  ia  gray ;  it  is  found  in  veins,  in  tbe 


shape  of  balls,  in  lime^stone.  The  heat  oull-stone,  called 
French  burr,  is  cellular  splinter  hornstone.  Coocboidid  horn- 
stone  occurs  in  beds  with  agate,  and  is  distinguished  from  tbe 
splintery  by  the  lightness  of  its  colours  and  fracture.  In  the 
woodstone  several  colours  occur  together,  and  it  commonly 
exhibits  coloured  delineations,  arranging  themselves  in  tbe 
direction  of  the  original  woody  texture. 

Horn  Work,  in  Fortification,  an  outwork  composed  of  two 
demi-bastions,  joined  by  a  curtain. 

HORNBLENDE,  in  Mineralogy,  a  species  of  tbe  clay  genai, 
of  which  there  are  four  sub-species;  viz.  the  common,  tbe 
Labrador,  the  basaltic,  and  the  hornblende  slate.  The  eoa- 
mon  hornblende  is  of  a  greenish  black,  or  raven-black,  which 
in  some  varieties  approaches  to  a  grayish  and  even  velvet 
black.  The  common  hornblende  forms  one  of  the  essential 
ingredients  of  several  mountain  rocks.  When  pure,  it  is  t 
capital  flux  for  iron  ores,  to  which  purpose  it  is  applied  ia 
Sweden.  The  Labrador  hornblende,  found  in  the  island  of 
St.  Paul,  on  the  coast  of  Labrador,  is  usually  of  a  brownish 
black.  The  hornblende  slate  is  of  a  colour  intermediate  be- 
tween greenish  and  raven  black :  it  is  massive,  and  is  geaerailjr 
mixed  with  mica  and  felspar.  It  occurs  in  beds  of  primitife 
rocks,  particularly  in  clay  slate ;  also  ia  gndsji  and  mica  slate, 
and  is  found  principally  in  the  northern  parts  of  Eurtipe.  Tbe 
basaltic  hornblende  is  of  a  velvet  black,  occurs  almost  alwaji 
in  single  imbedded  crystals.  The  surface  is  smooth  and  shis- 
ing,  except  where  it  happens  to  be  covered  by  a  thin  ocbery  crast 

H0R0L06IUM,  the  dock,  in  Astronomy,  is  a  modem  eoa- 
stellation,  bounded  on  the  N.  and  W.  by  Bridanos,  8.  by 
Hydrus,  and  E.  by  Reticulus  Rbomboidalis,  I>orado,  and  Equi- 
leus  Pictorius. 

HOROLOGY,  that  branch  of  mechanical  seienee  vhicb 
enables  us  to  measure  tbe  portions  of  time.  We  judge  of  tbe 
lapse  of  time  by  the  succession  of  sensible  events ;  and  tbe 
most  convenient  and  accurate  measures  of  its  quantity  are 
derived  from  motions,  either  uniform,  or  repeated  at  equal 
intervals.  Of  the  former  kind  the  rotation  of  the  earth  oo  its 
axis  is  the  most  exact,  and  the  situation  of  its  sorfaee  witb 
regard  to  the  fixed  stars,  or  less  simply  with  regard  to  the  stm, 
constitutes  the  means  for  determining  the  parts  of  time  as  tb^ 
follow  each  other.  Of  the  latter  kind,  the  rotation  of  macfak 
nery,  consisting  of  wheel-work,  moved  by  a  weight  or  spriaf, 
and  regulated  by  a  pendulum  or  balance,  affords  instrunieBli 
of  which  the  utility  is  well  known.  But  the  term  horolo|7  if 
at  present  more  particularly  confined  to  the  principles  apoa 
which  the  art  of  making  clocks  and  watches  is  established.  Sse 
Clock,  Dialling,  Watch,  Sec.  Under  this  article  we  rasj 
describe  some  Alarums. 

Simple  Alarum, — An  alarum  being  a  most  useful  piece  of 
furniture,  at  one  time  or  another,  in  every  house,  perhaps  tbe 
sketch  of  one,  both  eheap  and  simple,  as  well  as  original,  nity 
not  be  anaoceptable  to  our  readers^ 

Description, — A  B  asd 
CD  are  two  uprights, of 
wood. 

EF  and  PC  are  two 
small  pieces  of  wood,  witb 
small  hinges  or  pins,  at  E 
and  C. 

G  is  a  vessel  made  of 

gass  or  tin,  and  suspended 
om  F,  to  contain  water, 
undec  which  is  placed  tbe 
lamp,  H. 

By  the  heat  of  the  baip 
the  water  gradually  eva- 
porates or  'flies  off  is 
steam,  which,  lighteaisf 
the  vessel,  G,  allows  tbe 
piece  of  wood,  £  F,  roof- 
ing on  the  hinge  at  £,  to 
escape  from  under  tbe 
point,  F,  of  the  piece  of 
wood,  F  C.  which  files  op, 
from  the  strength  of  tbe 


H  ()J^3  l'.',  ><. 
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Fprine  of  ilir  hell,  lo  ihr  wh»l  or  pulley,  I,  and  th»  HU  the 
bell  at  liberly  end  causes  ii  to  rinf;. 

J  i«  a  btRT'krt  nr  triincalar  piece  of  wood,  (o  prevent  Ihr 
<rrsHl,  U.  fruDi  fatlinK  on  tb«  lamp  Bftcr  the  bar,  EF,  liaa 
escaped  from  under  it. 

The  r|iiautit]r  of  walrr  for  ■  rettain  numbrr  nffaouri,  the  lite 
of  ihe  Kirk,  kr.  can  be  calculalcd,  wiib  eaae,  from  n  few  lioum' 
•sl)!.erv3lion.  A  ilit  should  be  cut  perprndiculatly  in  thr  piece 
FC.  10  that  ilie  thread  by  which  ihe  vesiel  >i  (uspcndcd  may 
be  shifted  nearer  towards  C.  a*  occBiion  may  require. 

Clirap  Alarum.— A  Is  a  board  about  a  foot  square,  in  the 
eenirc  uf  which  is  inserted  an  upright  piece  H,  througb  whicli 
•  rroii  piece,  C,  passes,  coafined  bj  a  wire  pin,  but  havinjt 
the  aperture  thrnanh  which  it  paisei  in  the  npright  piccu  U, 
em  as  deteribed  by  the 
dotted  lines  at  UD. 
To  the  end  E  is  au 
taehed  a  we^f  hi,  move- 
Rble  backwards  or  for- 
wards at  pleasure.  On 
the  opposite  end  of  the 
beam  C,  is  fixed  a  tin 
vessel,  F,  «tiich  re- 
criies  the  sand  ■■  it 
mas  out  of  the  funnel 
O,  which  is  rmtcncd 
to  a  fixed  beam,  H-  I 
is  a  common  sprinn 
bell,  also  Used  to  the  .& 

top  of  the  upriKbt  post,  B.    K  ia  k  wire,  or  pieco  of  fine  rnn) 

(lasiinjc  from  the  spring  of  the  Bell  lo  Ihe  Upper  end  of  a  iniall 
ever,  L,  which  traverses  on  an  aale,  M,  fixed  to  die  side  uf  the 
■prifcht  piece  B,  the  other  or  lower  end  of  the  leaver  L  prem-s 
«f  alnit  a  pep;,  N,  projeciini^  from  Uic  side  of  tbc  cross  beam  C. 
which  retains  the  lever  L  in  the  position  represented  in  the 
figure,  and  cuDfines  tbc  (prioK  of  the  bell,  till  ihr  ueii;ht  uf  t'le 
•and  run  out  of  the  funnel  U  into  Ihe  vessel  F  inorr  than 
CO untct balances  the  wciirhl  at  tlie  end.  E.  when,  of  murse. 
the  red,  O,  of  Ihe  riot%  beam  will  be  depressed,  which  will 
auddcniy  release  the  lower  end  of  (far  lever  L  from  the  pec  N. 
and  thus  the  spring  of  Ihe  bell  will  re-acl  with  sgScicnl  force 
to  put  ihe  bell  in  molioa.  Any  <)nanliiy  of  land  may  be  pnl 
■Bin  the  fuiioe)  G:  thus  if  2  ounces  ibonld  run  one  hour,  13 
ounces  will  run  sik  ;  therefore  by  baiinfc  Ihe  weight  I'l'Jonuces 
(after  havinx  balanced  the  cross  beam  C  with  the  empty  vessel 
F.)  it  is  obiiuui  that  as  the  ssnd  rDntiniies  runninf.  in  a  few 
minulci  the  tessrl  rontaininK  the  sand  must  predominate  and 
be  depressed,  which  is  all  that  is  required,  as  shewn  in  the 
filtme. 

HOROSCOPE,  in  AslialoKy,  is  the  deicree  of  the  ascendant, 
or  the  star  thai  rises  above  Ihe  boricon.  at  a  certain  moment, 
which  is  observed  in  urder  to  predict  some  future  event.  The 
■ame  name  is  also  eiien  to  a  icbrme  or  fiiture  rnniaininit  the 
twehe  houiei,  in  wlijch  ure  ranked  tic  situation  of  Ihe  heavens 
and  stars,  in  order  to  fnrm  prediciious. 

lIaKi>s<arE  Lunar,  the  point  from  which  Ihe  moon  piocceds 
w  hen  the  lOn  iii  in  the  aicendini;  piiinl  of  ihe  east. 

IIORS  III.  Cdhbat,  a  term  in  use  in  thr  French  army,  to 
exprcsa  the  tulal  loss  to  an  army  by  a  balllc,  incladinB  killed, 
wounded,  prisoners  and  deserters. 

IIiiRs  Jt  Snn  Fit.  an  exception  to  avoid  an  action  hroucht 
for  rent  issuing  out  of  certain  lands,  hy  him  tliat  pretends  lo 
be  the  lof  4i  or  for  aome  custom  and  services ;  fur  if  thr  de- 
fendant can  prove  Ihe  land  lo  be  wilhuui  the  compass  of  bis 
fee.  thr  action  fails. 

HOKSB,  a  rope  teachinic  from  Ihe  middle  of  a  yard  to  its 
KTBii  or  eKIrcroiliri.  and  dependinc  aliout  Iwo  or  three  feci 
UDder  the  yard,  for  the  lailurs  lo  ttind  un  while  they  arc  loos- 
iaic.  rcffiri;;.  or  furting.  the  snil ;  riu'iiiriF;  oul  (he  studding  snil 
booms.  Slc.  In  order  to  keep  thr  liurse  uinre  paralle!  tu  the 
jard.  it  i*  usually  attached  thereto  at  proper  distances,  by  err- 
lain  ropes  railed  stirrups,  which  haiij^  (o  Iheir  lower  end*, 
tbrnagh  whirh  the  horse  passes. 

lIoRsr,  signilles  also  a  thick  rope,  fited  perpendicularly  fore 
or  aft  a  mast,  for  Ihe  purpose  of  faniiling  tome  yard. 

n*  H'lKSK  u  diaiinf uished  from  ercrj  oLbar  quadruped,  bv 


havin)c  his  hoofs  siogle,  and  bis  tail  covered  with  long  faatr. 
The  male  has  the  name  of  hartt,  the  female  of  awirr,  and  Ihe 
young  one  of /m/.  Wild  hones  are  fnund  in  large  herds  in 
Sibrtia,  and  several  other  pari*  of  Asia,  as  well  as  in  some 
pails  of  Africa.  Endowed  with  the  most  useful  iiu ah II cations, 
(lie  horse  i»  tin  animal  of  Ihe  |:iejilcsl  impntianre  lo  the  Infaa- 
bilants  iif  all  temperale  climates.  Though  naturally  spirileil. 
aciive,  and  intrepid,  he  submits  wilh  patirner  torarry  burden*, 
and  lo  toil  fur  days logelhrr  sloiijc  Ihr  mads  and  in  ngriinltur.il 
labours ;  and,  if  trtnted  with  rurr  .-ind  attention,  be  prrsetT-r- 
iiiRly  adapts  fiiinarlfioour  uaiiis  anil  rnnveniences.  lu  sOiiief- 
parts  of  T;iiiiir>.  ihrsc  anim.th  haic  even  been  made  objcrts 
of  divine  worship,  origiimtins  no  duulil  in  a  ptinriple  uf  Eiali- 
tude  for  the  services  thiy  pt'ifiinn.  ]ly  tbe  Arabinm.  thri  ate 
nearly  as  much  allcodi-J  to  nnd  bclmed  ns  human  briti):* ;  liv. 
ingintlie  ttimc  tents  with  their  owners,  and  paiiiripaling  in 
all  Ihe  kiadnesiea  which  ibey  )irs(i>w  upon  their  nwn  families. 
In  Arabia,  indeed,  thi'se  animals  may  be  drrmrd  the  chief  sup- 
port of  tlie  families  who  possess  thrni ;  and  (tunounded  wilh 
iocs)  the  very  existence  of  Ihe  ow  net  not  uofrei|ucBiIy  depends 
upon  (he  powers  of  his  horse. 

in  no  country  of  Kurope  is  ko  much  attention  paid  to  tbe 
breedjpg  and  trniniii);  of  hnr^i-^  s^  in  England.  The  conse- 
qurnre  has  hern,  ihnt  Ihe  Hiiiiiih  burses  are  superior  both  in 
awiftoesinf  rur>i.  nnd  in  sttenglhaiid  perseverance  in  (he  course, 
lo  any  others  in  this  quarter  of  the  world. 

Tbe  flcclest  of  nil  thr  Itritish  horses  is  of  course  the  cnrt- 
kwM :  and,  for  ihurt  distant^s,  none  'if  the  Arabi ana  which 
have  been  tried  in  England  hnvc  proved  in  an)  degree  equal 
(o  him.  The  crlebtated  horse,  called  Cliildrrs,  In  thr  year 
1721.  ran  four  miles  in  sia  minutes  and  forty-eight  srroDds,r.'ir- 
r)ioi;a  wi'ight  of  nine  stone  Iwo  pounds.  Had  Ihr  difletrni 
raring  meetings  at  Kewmarkc(,  York,  nnd  other  plarrs,  nil 
other  view  lliun  lu  rail  tiigctlier  great  ronrnurses  of  prople  fir 
nmiiseinrnt,  thrir  tendency  would  be  injurious  rather  tbnri 
beurhriiil  ti>  suiiiii  i  but  when  it  is  ronsidcreiLshat  surhnirrl- 
inz  ate  Ihr  eiusi'  of  great  eiiiulatiiin  iit  Ihr  brrrdinif  of  a  rare 
of  animals  so  valuable  as  Ihr  horse,  Iheir  ulilily  will  lie  auBi- 
eicntly  apparent. 

The  kngli'b  hunltrt  are  nllonrd  to  lie  among  thr  nobl<-sl, 
most  elegant,  and  miMt  useful  nniiiials  that  are  known:  nnd 
Iho  value  of  our  htknrgt  or  road  Imr.sr*  may  be  imagined, 
when  il  is  staled  thai  many  of  Ihrm  are  able  to  Irnl  at  Ihe  rale 
of  more  ibm  Unecn  miles  per  hour.  In  the  year  I74.'i  the  post- 
master of  Sirettun  is  staled  to  have  ridden  i^n  dllTerent  horses 
along  the  road  lo  and  from  London,  no  few  rr  thno  Sl.'i  miles  in 
eleven  hiiurs  and  a  half,  which  i(  at  the  lair  of  almvr  t-iebtecn 
miles  an  boor. 

Sogrral  is  the  strength  of  these  anm  .«.  that  instances  have 
hrrn  mcntiimrd  of  a  aingle  horse  drawing,  fur  a  -iliiirl  space, 
the  weidil  "f  llirrc  tons:  and  of  others  carrying  a  load  whirh 
weighed  mure  Ihnn  !MIO  pounds.  Thr  immmsr  liraii-hortri 
which  arc  iiri]<li>t"d  by  the  birweis.  and  are  so  frei|urnlly 
seru  in  tlic  sln-i-lt  of  London,  though  in  some  iniasurr  useful 
Hi  bein;;abl''  brilir  to  soiUiuihe  shock  of  loading  and  unload- 
ing than  >iiglil'-T  animiili,  are  rhicHy  kept  from  a  |irin<'iplr  of 
nslrnlatioii.  Tbr  Itriiish  dmiighi-kuriti  are  extremely  valual.l.- 
animals,  but  particularly  a  chciMit-eoluuied  raee  ealled  .Sul- 
folk  liiirsei. 

In  iicolland  ther'  is  a  breed  of  small  horses  or  ponies,  wbirh 
ure  known  by  Ihr  name  nfpalh.uam  The  bi-sl  of  ibese  seldom 
exceed  Ihe  liriglil  of  faurli'cii  bands  and  n  half,*  nod  are 
extremely  nclivclmnly.  and  s|.iriUd  animaU.  Thr  Shrilam! 
islands  piVoiliire  a  raee  eatliil  jAi  /(in.  wbirh.  ihiineh  fi<  cedingly 
diminutiir  in  liic,  are  in  oilier  rrsjirrls  highly  r^rrllrnt. 

In  Inland,  Ihe  cart-horsrs,  tliougliul  sulTnirnt  site,  ara  ill- 
sbnpi  ,1  and  bad.  Tbe saddlc-luirsis  appear  nnlurally  at  gun 
RsourM  but  in  ceni-ral  lliey  are  ill  kepi,  wuise  groomid.  and 
still  .Milsr  »:,...i. 

There  is  n  p-evalent  nnd  rirnt.mus  notion,  that  the  fi'th  o( 
the  Imrsr  is  tiitlcr  and  uii|>al.ilHl>le.  In  seieial  parts  of  Ama 
wild  hordes  are  killed  almn«t  rurlmivrly  for  fo.irf  :  and  the 
f'ulniiic  Taturs,  in  particular,  are  sn  partial  In  tlas  kind  )t 

■■   Fdsr  isrlift  uaLt  s  ksad.     Tkii  is  Ihe  aiitl  audi  of  nliiHiiii|  ik* 


463 


U  0  B 


DICTIONARY   OF   UBCHANICAL   BCUNOE. 


HOB 


F%g   1 


Qcih,  Ibat  tbey  Kldom  eat  bd;  otber.  Horses' flesh  is  con- 
stantly exposed  Tor  sale  Ln  the  markets  of  Tonquio.  A  cele- 
brated British  writer  (Dr.  Aiiderson)bBS  strongl;  recommended 
die  fattening  of  boraes  as  food  in  this  conntry,  and  nrgeibis 
rcconuneiidatioa  by  declBriog  tbat  hoise-fiesh  is  inpeiior  in 
dclieacy  of  flavour  to  beef! 

The  Tartars  drink  tbe  ntUk  of  the  mare,  and  also  coavert  it 
into  bnttCT  and  cheese.  One  of  theii  most  favourite  kinds  of 
Lcvcrage^is  called  kmunUi.  which  is  a  sort  of  wine  made  of  fer- 
mented mares'  milk ;  and  is  carried  by  them  from  place  to 
place,  in  hags  made  of  borses'hides.  When  in  perfection,  the 
taste  of  koumiss  is  s^d  to  he  a  pleasant  miztare  of  sweet  and 
sour ;  bat  it  is  necessnry  to  agitate  it  before  it  is  drank.  This 
preparation  is  alKo  considered  of  great  utility  in  a  medicina] 

The  ikin  of  the  horse,  after  it  is  tanned,  is  made  into  collars, 
■races,  and  other  parts  of  harness ;  and  under  tlie  name  of 
cordovan  is  also  used  for  sboes.  The  hair  forma  a  considerable 
branch  of  trade-  That  of  the  tail  is  employed  for  weavini;  the 
covers  or  seats  of  chairs  and  sofas ;  for  making  sieves  fishiof; 
lines,  and  the  bows  of  musical  instruments  The  inferior  hair 
of  the  tail  and  mane  is  employed  for  tbe  stufGu);  of  bulsters 
and  mattresses.  For  tliis  purpose  it  is  baked,  which  renders 
it  one  of  the  most  elastic  tabstances  for  coaches  Ibat  are 
known.  The  short  hair  of  the  horse  is  nsed  for  stuffing  sad- 
dles and  horse-collars. 

]f  hones  be  well  treated  and  properly  attended  to,  they  will 
sometimes  live  to  the  age  of  fifty  years ,  but  dunog  a  great 
part  of  this  time,  they  are  generally  so  decrepit  as  to  he  un- 
able to  perform  any  services  whatever  far  their  owners  To 
ascertain  the  age  of  a  horse,  reference  is  generally  bad  to 
the  teetb.  Every  treatise  on  farriery  has  in- 
structed us  to  know  a  horse's  age  by  the  mark 
in  his  mouth;  but  not  one  in  five  hundred  (a 
dealer  excepted)  caa  retain  it  in  his  mind.  We 
have  endeavoured,  therefore,  to  represent  it  by 
engravings. 

Ever;^  horse  has  six  teeth  before  in  each  jaw . 
till  be  is  two  years  and  a  half  old,  ibey  are  all 
smooth  and  uniform  in  their 
upper  surfaces,  fig.  1.  At  two 
years  and  abalfoldbesheds  the 
two  middle  teeth  (by  the  young 
teeth's  rising  and  forcing  tbe 
old  ones  out,  as  at  Gg,  2.)  which 
at  three  years  old  ivre  replaced 
by  two  hollow  ones,  as  at  Bg.  3. 
When  he  is  about  three  years 
and  a  half  old,  lie  sheds  two 
Others,  one  on  each  side  the  two 
middle  ones,  fig.  4,  which  at 
foor  years  old  are  replaced  by 
two  others,  which  are  also  hoi' 
low,  as  at  fig.  6.  The  sharp 
■inrrlo  teeth  in  horses,  (fig.  4.) 
begin  to  appear  in  the  lower  jaw 
when  the  horse  is  about  three 
years  and  a  half  or  foor  years 
old.  when  he  is  nearly  six 
years  old,  they  arc  full  grown, 
pointed,  and  concave  in  the  In- 
side, as  at  fig,  a.  When  he  is 
four  years  and  a  half  old,  he 
sheds  tbe  two  comer  teeth,  t%. 

6,  which  at  five  ate  replaced 
also  with  two  hollow  ones, 
grooved  on  tbe  inside,  as  at  fig. 

7,  which  groove  marks  the  age 
precisely.  At  six  years  of  age  -  - 
this  groove  begins  (o  fill  up,  and  disapcHrar,  as  at  fig.  8,  so  do 
the  hollows  of  the  rest  of  the  teeth,  which  continue  till  near 
seven  and  a  half  or  eight  years  old,  when  all  the  teeth  become 
unifornily  fall  and  smooth,  as  at  fig.  0.  Crafty  jockfys  will 
sometimes  burn  holes  in  the  teeth,  to  make  them  appear  yoontr, 
which  they  eall  bishoping ;  bat  a  discerning  eye  will  soon  dis- 
cover the  cheat. 


By  inspecting  the  eyes  also,  we  nay  know  the  condition  of 
a  horse,  especially  as  to  sight:  thai,  if  a  boTM'a  eyM  aiebvcly 
and  oleu,  and  you  obd  see  to  tha  boUam,  and  Ihs  image  of 
yogr  f«oe  be  refieatcd  from  thence,  and  not  from  tbe  sarftM  oC 
the  eye,  they  are  good ;  but  if  muddy,  alvwly,  of  mal  hlact, 
they  are  bad. 

With  respeet  to  his  legs,  you  ought  to  observe  vbediec  his 
knees  are  broken,  or  stand  bending  and  trembling  forwasd ;  if 
so,  tbe  animal  is  unsound  ;  if  ha  steps  short,  aad  digs  his  ton 
in  the  ground,  it  is  a  sign  he  will  knuoUa.  lu  short,  if  the  hoof 
be  pretty  flat  and  not  curled,  you  need  not  fear  a  foaoder. 

As  to  his  wind,  ii  bis  fiaoks  beat  even  and  alow,  his  wtad 
may  he  good,  hut  if  tliey  heave  doubia  and  irregular,  ot  it 
(while  he  stands  in  the  stable)  he  blows  at  the  nosttila,  as  if  ht 
had  just  been  galloping,  they  are  sij^ns  of  a  broken  wiiuL 
Deceitful  dealers  have  a  draught  which  tlicy  aometimet  pve, 
to  make  a  horse  breathe  regularly  in  thestaUe ;  the  saresi  wij 
therefore  to  judge  of  his  wind,  is,  to  f;iv«  him  a  good  braiiii^ 
gallop,  and  it  is  ten  to  one,  if  his  wind  be  biok,efl,  oi  tvN 
touched,  that  he  will  cough  and  wbeese  very  naeh,  aad  m 
medicine  can  preveut  his  doing  so.  Id  buying  a  horse,  inqoiw 
whether  he  bites,  kicks,  stops,  and  starts ;  fat  a  horse  may  be 
perfectly  sound,  and  yet  guilty  of  these  four  vices.  Aad  t 
good  sound  horse  has  neither  splint,  spavin,  nor  windgsH, 
which  are  excrescences  and  swellings  about  the  legs.  Batitii 
IS  not  a  treatise  on  farriery. 

Shoeing  of  Hornt. — The  shoes  should  bo  made  three  !!■■ 
as  thick  at  the  toe  as  at  the  heels,  so  that  by  this  means  tbt 
frog  may  come  down  to  tbe  ground.  Tbe  nails  are  all  plissl 
forward,  four  on  each  side,  bat  not  ^proaching  too  aeartk 
heels.  They  should  be  connler-SDnk  in  coniral  or  wtJp 
shaped  holes.  For  horses  which  go  in  shafts,  or  aransedn 
banting,  it  is  usual  to  make  shoes  with  only  one  heel,  riist 
should  be  outward.  The  horse's  heel  most  be  mtber  loaeisi 
on  that  side,  and  the  inner  heel  of  the  shoe  somewhat  tbtektasd, 
so  as  to  balaoce  and  bear  equally.  The  best  breadth  (m  At 
shoe  of  a  medium-sised^borse  is  said  to  be  one  inch  at  ibe  kt, 
and  three-quarters  at  the  heel;  the  weight  ahont  cigbleM ■ 
twenty  ounces.  In  order  to  fit  tbe  shoe  without  cansiaslkt 
horse  to  stand  too  muoh  on  his  heels,  the  aoder  part  t(tt* 
crust,  or  wall  of  the  hoof,  is  pared  away  to  receive  tbe  exeoi 
of  thickness  in  front ;  for  the  bottom  of  tbe  shoe  ongbt  to  ki 
perfectly  Sat,  without  any  stnbs  or  calkings  in  froat,  Paiisi 
away  tbe  heels  is  a  most  destrnotive  practise,  except  laeut 
of  ahsolnte  excrescenoe  in  those  parts:  nor  shonld tbe  ban, 
(or  diagonal  ridges)  that  extend  from  the  heels  to  the  fke|,N 
central  projection,  ever  be  cut  more  than  is  absolntely  pnfsf 
for  the  purpose  of  keeping  them  in  a  clean  and  henltkystsft 
A  good  open  heel  is  the  indication  of  a  powerfal  foot;  bcMt 
the  sides  of  shoes  ought  not  to  be  much  contracted.  TCia 
the  heels  are  tender,  what  is  called  a  bar-aboe  oni^t  to  le 
applied.  On  the  frog  the  horse  ehiefiy  depends  for  a  sprii^ 
or  resistance  at  the  bottom  of  bis  foot.  If  this  part  does  bM 
louoh  the  ground,  the  whole  modou  will  be  derived  frnai  As 
upper  parts  of  Die  limb,  and  a  very  nneasy  g»it  will  laefiullv 
follow.  This  points  out  the  necessity  for  leaving  it  Ujil 
liberty  to  come  in  contact  with  Ibe  ponod. 

HoRse  Dealer!.  Every  person  exercising  tbe  tnde  er  W- 
ness  of  a  horse-dealer,  must  take  cat  K  lieente  fnn  At 
Stamp-office.  Horse-dealers  carrying  on  bnsineu  witbelt  s 
license,  are  liable  to  be  assessed  tbe  deties  on  riding  bomii 

u».,.„.     n  :.  T.._r..i  r„-  ^„j  person  to  transport,  by  mtfd 


Horses.    It  is  lawful  fi 


witb  his  majesty,  paying  for  each  &m.  No  person  cottvtctsd< 
feloniously  stealing  a  horse,  shRll  have  the  privilege  of  chsu: 
accessaries  before  or  after,  are  also  deprived  of  de  benellif 
their  clergy.  If  a  horse  be  stolen  out  of  tbe  stable,  or  ete 
curtilage  of  a  dwel ling-boa se,  in  the  night  Ume,  it  falls  aida 
the  denomination  of  burglary ;  if  in  the  day-time,  it  falls  oolB 
the  denomination  of  lareeuy  from  the  bouse.  Keepen  if 
slanghter-houaes  for  horses,  are  snbject  lo  regnlatioos  enactri 
by  au  act  of  26  Geo.  III.  c.  74.  If  any  person  shall  nnliwfbUT 
and  maliciously  kill,  maim,  or  wound  any  cattle,  every  pcna 
90  offending,  shall  be  adjudged  gnilty  of  felony.  If  a  borK,« 
other  goods,  be  delivered  to  en  innkeeper,  or  bis  servants,  k 
is  hound  to  keep  them  safely,  and  restore  them  when  his  goal 
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leA««ft  t)i«  koase.  If  %  hone  be  deliTered  to  an  agisting  fai-  I 
mer  Cor  the  purpoM  of  depasturing  in  bis  meadows,  he  is 
■nswrrable  for  tbe  loss  of  the  horse,  if  it  be  ocrasioncd  by  the 
ordinary  iieKlert  of  himself  or  his  servants.  If  a  man  ride  to 
an  ioo  \%h(*rc  his  horse  has  cat,  the  host  may  detain  the  horse 
tilJ  he  be  satisfied  for  the  catiu|(. 

HORTl'S  SICCUS,  or  Dry  Garden,  is  an  appellation 
piven  to  a  collection  of  specimens  of  plants,  careluliy  dried 
and  preserved.    Plants  may  be  dried  by  pressing  in  a  box  uf 
sand«or  with  a  hot  smoothing  iron ;  and  each  of  these  methods 
lias  its  ad^anlnjces.     If  pressure  lie  employed,  a  couple  of 
boards,  about  18  inches  Ion;;,  12  broiul,  and  *2  thick,  with 
screws  at  eaoh  corner  and  nuts  «n  them,  something  like  a 
bookbinder's  press,  will  do  very  well ;  or  the  plants  mny  be 
put  between  the  leaves  of  a  blotting:  paper  bonk  made  cii  pur- 
pose, and  wciRhts  laid  on  the  book  till  the  pl.ints  are  dried. 
Next,  some  quires  of  unsised  blossom  blottini;  paprr  must  be 
provided.   The  specimens,  when  taken  out  of  the  tin  bo\.  must 
be  carefully  spread  on  a  piece  of  pasteboard,  enirn-d  with  a 
single  sheet  of  the  blossom  papr r  quite  dry  :  iIh-ii  place  three 
or  K)ur  sheets  of  the  same  paper  above  tbe  plant,  tu  iinhibe  the 
moisture  as  it  is  pressed  out;  it  is  then  to  be  put  into  the 
press.    As  many  plants  as  the  pres^  will  hold  iii:iy  he  piled  up 
la  this  manner.    At  first  they  ou^rht  to  be  prrssed  gently. 
After  betnfc  pressed  for  twenty-four  hours  or  so,  the  plants 
oogbt  to  be  examined,  that  any  leaves  or  petals  whitrh  have 
been  folded  may  be  spread  out,  and  dry  sherls  uf  paper  laid 
over  them.    They  may  now  be  replaced  in  tlic  press,  and  a 
greater  degree  9f  pressure  applied.    The  presii  ou*^lit  to  stand 
near  the  fire,  or  in  the  sunshine.     After  remaiiiin;?  two  days  in 
this  situation,  they  should  be  acain  examined,  and  dry  sheets 
of  paper  be  laid  over  them.    The  pressurr  then  ou^rht  to  be 
considerably  increasctl.    After  remaining  three  days  lon^^cr  iu 
tbe  press,  the  plants  may  be  taken  out,  and  such  us  are  suffi- 
ciently dry  may  be  put  in  a  dry  sheet  of  writing-paper.    Those 
plants  which  arc  succulent  may  require  more  pressure,  and 
tbe  blossom  paper  again  renewed.     Plants  which  dry  very 
quick,  ought  to  be  pressed  with  oonstderable  force  when  first 
put  in  the  press ;  and,  if  delicate,  tlie  blossom  paper  should  be 
changed  every  day.    When  the  stem  is  woody,  it  may  be 
tbinned  with  a  knUe,  and  if  the  flower  be  thick  or  globular,  as 
the  thistle,  one  side  may  be  cut  away :  as  all  tJiat  is  necessary 
ia  a  specimen,  is  to  preserve  the  character  of  the  cla>i:,  order, 
genoa,  and  species.     Plants  may  be  dried  in  a  box  of  ^aud  in 
a  Bwre  expeditious  manner;  and  this  mcthoii  prcseives  the 
cofoar  of  some  plants  better.    The   specimens,   after  being 
preaaed  for  ten  or  twelve  hours,  must  be  laid  within  a  sheet  of 
blossom  pa|>er.    The  box  must  contain  an  inch  deep  of  fine 
dry  sand,  on  which  the  sheet  is  to  l>e  placed,  and  tiicii  covered 
with  sand  an  inch  thick :  another  sheet  then  may  be  deposited 
ia  the  same  manner,  and  so  on,  till  the  Ikix  be  full.    The  Iwx 
Bust  be  placed  near  a  fire  for  two  or  three  days.    Then  the 
sand  most  be  carefully  removed,  and  the  plants  «'\amined.     If 
not  sufficiently  dried,  they  may  asain  be  replnced  in  the  same 
manner  for  a  day  or  two.     In  drying  plants  nith  a  hi  it  smooth- 
ing iron,  they  must  be  placed  within  several  sheets  (if  blotting 
paper,  and  ironed  till  they  become    sulHeiently   drv.    11iis 
method  answers  best  fur  drying  succulent  and  mueilairinous 
plants.    When  properly  dried,  the  specimens  should  be  placed 
ID  sheets  of  writing-paper,  and  may  he  slightly  fastened  by 
making  tbe  top  and  bottom  of  the  stalk  pass  throu{:b  a  slip  of 
papar,  cut  neatly  for  the  purpose.    Then  the  name  of  the 
gaaas  and  species  should  be  written  down,  the  I'laec  where  it 
was  found,  nature  of  the  soil,  and  season  of  the  year.    These 
ipcrimens  may  be  collected  into  genera,  orders,  aud  classes, 
aad  titled  and  preserved  in  a  portfolio  or  cabinet. 

HO.SPITAL,  WitLiAM  Francis  Antony,  Marqi'Is  pk  L\a 
celebrated  French  mathematician,  was  born  of  an  ancient 
family  in  16C1.  He  was  a  geometrician  almost  from  his  infan- 
cy ;  for  one  day  being  at  the  llukeof  Kuban's  where  some  able 
matbematicians  were  .^peaking  of  a  problem  of  Pascal's,  which 
appeared  to  tbem  extremely  tiiflieult.  he  ventured  to  say  tbat 
he  believed  he  could  solve  it ;  in  a  few  days  he  sent  tbem  the 
aohscion.  He  entered  early  into  the  army,  and  was  a  c^iptain 
ot  horse  :  hut  being  extremely  short-sighted,  and  exposed  on 
Ikat  aooount  to  perpctoal  inoonveaienoes  and  errors,  be  at 


length  quitted  the  army,  and  applied  himself  entirely  to  his 
favourite  umusement.  He  contracted  a  friendship  with  Mal- 
branehc,  and  to.:k  his  opinion  npon  all  occasions.  In  1(b3 
he  was  reerived  an  honorary  member  of  the  Academy  of  Sci- 
ences at  Pitri^ ;  and  soon  after  published  a  work  upon  Sir  Isaac 
Newton's  Auulyifis. 

Hospital,  a  place  or  building,  erected,  endowed,  or  sup- 
ported, by  charitable  contributions,  fur  the  recqvtion  and  relirf 
of  the  nu^ed.  intirm,  and  helpless.  The  institution  is  %ery 
ancient,  and  tlic  benefits  resulting  from  it  are  incalculable.  Iii 
London  alone,  and  its  suburbs,  there  are  upwards  of  thirty 
hospitiiU:  vime  bearing  a  name  corresponding  with  the  dis- 
eases for  the  cure  of  which  they  were  cstabli?ihrd.  and  otliers 
takin;^  their  appellntion  from  tli«*  plai  e  in  mhich  they  stand,  or 
the  Uie:iiis  by  Hhieh  they  are  supported.  Many  among  Ihtni 
are  amply  endowed,  but  iJie  rules  :ind  regulations  by  whieh  they 
are  governed,  aie  too  voluminous  and  diversilicd  to  be  given 
iu  detail. 

HOT-Kii»«^.  in  (Sardenincr,  beds  made  mth  fre^h  liorst- 
dung,  or  tanner's  bnrk.  and  covered  with  f:lasses  to  defend 
them  from  eolil  winds.  According  to  the  ({uiintity  and  quality 
of  the  materials  put  tocetiier  for  hot-beds,  the  hent  will  be 
porpurtioncd  as  to  8tren|E;th  and  duration.  The  place  where 
hot* beds  are  worked  should  be  open  to  the  full  .sun,  and  be 
screened  from  tbe  north  and  north-east  winds.  Working  of 
the  dun*,;  is  n«-rr.ss:iry  previous  to  the  niakiuK  of  a  hot-bed,  i.  r. 
it  slioiild  be  throvin  together  on  a  heap,  in  a  conical  form  ;  and 
when  it  has  taken  a  tliorouirh  brat,  it  should  be  turned  over, 
moviug  the  outNi<le  in,  or  miving  tin'  eolder  parts  with  tlie  hot- 
When  it  has  taken  hent  a^ain  for  two  or  three  days,  cive  it  a 
second  turn  as  before,  and  huving  lain  the  same  time,  it  will  be 
in  proper  order  fur  making  a  good  lasting  bed  with  a  steady  hent. 

HoT-//('Mir,  an  erection  wanned  by  nieniis  of  flues,  for  llif 
culture  of  tender  exotics  of  tropical  climates.  The  site  of  a 
hot-house  is  extremely  important.  .\  south-nest  aspect  is  ti» 
be  preferied. 

HO  UN  US.  in  si  a-farini;  language,  are  those  parts  ufa  rnn«t 
head  nhii  h  gradually  project  on  the  riirht  and  left  side  beyomt 
the  eylindricnl  j>r  eoniea!  Mirt'ier.  These  houiitlN  >upport  the 
frame  of  the  tii;»,  together  with  the  topmast  and  the  li^giiii:  ot 
the  h>wer-mast. 

HOl'K,  is  the  twenty -fourth  part  of  a  natural  day.  l>ilTerent 
people  reckon  the  hours  in  a  ditterent  luanui-r.  llabyloMi<ili 
hours  are  those  which  anr  counted  fiom  sun-rising  in  a  con- 
tinued series  of  twenty-four.  Kiitopean  hours  are  those  counted 
from  midniKbt,  twelve  friiiu  th«  ore  to  noon,  and  from  noon  to 
midnight  tueUe  more.  Those  ubieh  commence  their  order 
from  noon  are  called  ailruvomwat,  beeause  used  by  astionnmert. 
The  Jews,  t!haldcans,  Arabs,  and  other  eastern  people,  divide 
their  houx%  into  a  thoHntnd  and  rfr//i/i/  scruples,  eii^hteeu  whereot 
are  ei|ual  to  onr  minute. 

HOI  SK.  in  Ast^olo^:y.den^^tes  the  twelfth  part  of  the  heavens. 

HmsK.  tlie  eninmon  duelling  of  man  in  civiliz«*d  sueit*ty 
We  shall,  uinler  this  deJinilioii,  consider  the  ^e^eral  parts  ni 
which  u  building  for  t>ur  aeeomniodatioii  is  eimipnued.  Tlie 
article  will  necessnriK  iiieiude  all  those  partieulurs  desert  imr 
of  notice  to  the  briekla\er.  the  mason,  the  carpenter,  and  pio- 
prieliir  or  occupier  tif  a  hou^e. 

I.  Ilrickmnhm},  Vr.  -  Thi*  art  of  bricklaying  or  buildinir  with 
bricks  is  of  ureal  auti'|nity.  and  appears  to  be  coeval  with  the 
earliest  ediliees  \tn  reeiird.  The  niakiue  of  bricks  for  bujiilim; 
has  been  «arioiMl\  praciiscil  anions  different  nations.  The 
Hahyloniuns  often  iinpre««ed  or  engraved  inscriptions  on  theii 
bricks  in  a  rliaraeter  which  has  given  rise  to  much  discus- 
sion anion;;  the  learned.  The  ancient  tt reeks  chiefly  used 
three  kinds  of  bricks;  bricks  of  two  or  three  palms  in  lencih. 
those  uf  four  palms,  and  those  of  five  palms.  The  Itomans. 
from  a  comparative  deficiency  of  nhirble.  built  more  with 
bricks  than  the  tS reeks,  and  employed  the  arch,  and  the  vault. 
to  which  this  useful  material  so  much  contribute<l.  more  than 
their  piedecessors.  Their  bricks,  arcording  to  the  authority 
of  Pliny.  Were  about  seventeen  inebesi  hmp.  and  eleven  broad. 
and  scarcely  thicker  than  our  paving  bricks.  Pall  ad  io.  5ii 
Christopher  Wren,  and  other  eminent  modem  architect**.  Imve 
constructed  beautiful  and  well-proportioned  edifices  in  brick. 

Bricks,  as  manufactured  in  England,  are  always  burned  or 
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baked.  Unbornt  bricks,  after  the  ancient  mode,  are  still  in 
use  in  Eg:]^pt,  and  many  parts  of  the  East  The  modes  of 
makinf?  bricks  in  Great  Britain  are  varioas :  those  manafao- 
tured  in  the  country  diflPer  from  those  made  in  the  neighbour- 
hood of  the  metropolis,  and  are  distinguished  by  their  colour; 
the  former  being  a  deep  red,  and  the  latter  a  yellow,  stone 
colour,  and  gray.  The  country  bricks,  which  are  baked  in  a 
kiln,  are  made  of  a  stronger  earth,  and  have  no  internal  firing ; 
but  the  London  method  is  beginning  to  be  adopted  near  all 
large  towns,  both  in  England  and  in  Ireland,  where  cinders 
and  coal  ashes  can  be  procured,  and  by  far  the  greatest  quan- 
tity of  bricks  are  now  made  in  that  manner. 

On  comparing  the  strength  and  durability  of  modern  bricks 
with  those  of  ancient  times,  it  is  evident  that  the  former  are  in 
every  respect  inferior.  The  ancients  selected  the  best  sort  of 
clay,  and  combined  it  with  other  ingredients  well  adapted  to 
improve  its  properties.  In  the  southern  provinces  of  Russia, 
in  the  stupendous  Tartary  mountains,  bricks  which  scarcely 
yield  to  the  hammer,  owe  their  excellence  to  the  ancients 
burning  them  uniformly,  after  they  had  been  thoroughly  dried. 
No  doubt  can  be  entertained,  that  if  modern  brickmakers  were 
to  pay  more  attention  to  their  art,  by  digging  the  day  at  pro- 
per seasons,  exposing  it  much  longer  to  the  air  than  is  done 
at  present,  working  it  sufficiently,  bestowing  more  care  opon 
the  burning  of  the  bricks,  and  that  the  latter  operation  may  be 
done  uniformly,  making  them  much  thinner  than  is  prescribed 
by  the  standard  form,  we  should  be  provided  with  bricks  equal 
in  point  of  strength  and  durability  to  the  best  of  former  times. 
In  a  variety  of  instances,  persons  may  have  it  in  their  power 
to  obviate  some  of  these  causes  of  defect,  and  it  is  therefore 
proper  to  mention  them ;  but  the  state  of  society  is  not  favour- 
able to  any  general  change  in  the  system  which  brickmakers 
pursue ;  the  expedition  with  which  a  given  number  of  bricks 
can  be  furnished,  and  the  cheapness  of  the  rate  at  which  they 
can  be  manufactured,  are  to  them  the  primary  objects  of  con- 
sideration ;  and  the  speculative  builder  cares  little  about  the 
real  value  and  durability  of  his  edi6ce,  provided  the  difference 
between  the  cost  and  sale  price  is  sufficiently  ample  to  recom- 
pense him  to  his  satisfaction. 

It  is  an  erroneous  notion  that  bricks  may  be  made  of  any 
earfh  that  is  not  stony,  or  even  of  sea  ooze ;  too  much  sand 
entering  into  their  composition,  renders  them  heavy  and  brittle, 
and  too  much  fat  argillaceous  matter  causes  them  to  crack  in 
drying :  those  only  will  burn  red  which  contain  iron  particles. 
In  England  they  are  chiefly  made  of  a  motley,  yellowish,  or 
somewhat  reddish  fat  clayey  earth,  commonly  called  loam. 
Those  of  Stourbridge  clay,  and  Windsor  loam,  are  esteemed 
the  most  proper  and  durable  bricks,  and  they  will  stand  very 
high  degrees  of  heat  without  melting.  The  common  potter's 
clay,  which  is  also  employed  in  the  manufacture  of  bricks,  is 
found  to  consist  of  thirty-seven  parts  of  pure  argillaceous  or 
clayey  earth,  and  sixty-three  parts  of  siliceous  or  flinty  earth. 

Of  whatever  description  the  earth  intended  for  bricks  may 
be,  it  ought  to  be  dug  between  the  beginning  of  July  and  the 
latter  end  of  October,  before  the  first  frost  appears ;  it  should 
be  repeatedly  worked  with  the  spade  durinj^  the  winter,  and 
not  formed  into  bricks  till  the  following  spnng.  If  the  earth 
were  not  used  till  two  or  three  years  after  it  had  been  dug,  the 
quality  of  the  bricks  would  be  materially  improved ;  and  in  all 
cases,  the  oftener  it  is  turned,  and  the  more  completely  it  is  in- 
corporated, the  better  will  be  the  bricks. 

The  clay,  before  it  is  put  into  pits  for  soaking,  must  be 
broken  as  small  as  possible,  and  allowed  to  lie  at  least  ten 
days ;  every  stratum  of  twelve  inches  should  be  covered  with 
water,  in  order  that  it  may  be  uniformly  softened.  Two  pits, 
at  least,  will  be  necessary  for  every  brick  manufactory,  so 
that,  after  having  been  suffered  to  remain  for  five  days,  the 
second  may  be  prepared,  and  thus  the  manufacture  carried  on 
without  interruption.  The  earth  should  as  much  as  possible 
be  divested  of  stony  particles,  and  other  extraneous  matter, 
and  should  have  sufficient  time  to  mellow  and  ferment,  other- 
wise it  will  be  difficult  to  temper.  On  the  treading  and  temper- 
ing, twice  the  customary  quantity  of  labour  ought  to  be  be- 
stowed. Much  of  the  goodness  of  bricks  depends  upon  the 
proper  management  of  its  first  preparation,  for  the  earth  itself, 
prcvioas  to  its  bein<*  wrouf'ht   possesses  verjr  little  tenacity  ; 


but  by  long  exposure  to  the  air  and  frost,  and  thorongUy  woifc* 
ing  and  incorporating  it  together,  it  is  converted  into  a  tofi|^ 
gluey  substance,  in  which  state  alone  it  is  fit  for  mooldii^^. 

In  the  vicinity  of  London,  coal  ashes,  and  in  other  parts  of 
the  country,  light  sandy  earth,  is  usually  mixed  with  tbe  day, 
which,  with  such  addition,  is  more  easily  and  expeditloQslj 
wrought,  and  requiring  rather  less  fuel,  occasions  some  aaviiy 
in  the  expense  of  burning  the  bricks ;  but  here  the  advantages 
of  it  terminate ;  in  other  respects  it  is  injurions  rather  than 
otherwise.  If,  in  tempering  the  earth,  too  much  water  be  osed, 
the  bricks  become  dry  and  brittle ;  but  if  duly  tempered,  diej 
will  be  smooth,  solid,  hard,  and  durable.  A  bri<^  properiy 
made,  requires  nearly  as  much  earth  as  a  brick  and  a  half 
made  in  the  common  way,  when  too  great  a  proportion  of 
water  has  been  added,  which  tends  to  render  the  biickt 
spongy,  light,  and  full  of  flaws.  As  bricks  made  in  tbe  best 
manner  are  more  solid  and  ponderous  than  tbe  common  ones, 
they  require  a  much  longer  time  to  dry ;  they  ongbt  not  to  be 
burnt  till  they  will  give  a  hollow  sound  on  coUiiion.  Proper 
attention  to  the  drying  of  bricks  is  necessary  to  prevent  thdr 
cracking  and  crumbling  in  the  kiln. 

Of  whatever  materials  the  kiln  be  constructed,  each  boraiag 
of  from  six  to  ten  thousand  bricks  requires  the  fire  to  be  kept 
up  at  least  for  twenty-four  hours,  and  double  thai  time  for  a 
number  of  from  twe'*ve  to  fifty  thousand.  The  unilbm 
increase  of  heat  deserves  particular  attention ;  its  doratioa 
should  be  regulated  according  to  the  season :  in  cold  weather 
fire  bums  mbst  fiercely.  During  the  last  twenty-fonr  boon 
the  fire  should  be  uninterruptedly  supported  by  means  of  flats , 
but  afterwards  the  fire  should  not  be  suddenly  closed,  as  then 
is  always  some  danger  of  bursting  the  flues  or  melting  tht 
bricks. 

The  following  experiment,  by  Gallon,  made  with  a  view  to 
ascertain  the  difference  in  the  quality  of  bricks  diiTerentfy 
manufactured,  deserves  to  be  generally  known.  A  certais 
quantity  of  the  earth  prepared  for  moulding  Into  bricks  wu 
taken  for  the  experiment;  at  the  end  of  seven  boars, it wv 
moistened  and  beaten  for  the  space  of  thirty  minutes.  Ths 
next  morning  the  same  operation  was  repeated  for  an  eqosl 
length  of  time  ;  in  the  afternoon  it  was  again  beaten  for  fifteea 
minutes.  Thus  this  earth  had  not  only  been  worked  forsi 
hour  and  a  quarter  longer  than  usual,  but  at  three  diflimit 
times;  the  consequence  was,  that  its  density  was  increased; 
for  a  brick  made  of  it  weighed  five  pounds  eleven  ounces,  wkflt 
another  brick  made  in  the  same  mould,  of  the  earth  that  had 
not  received  this  preparation,  weighed  only  five  ponnds  sevea 
ounces.  The  two  sorts  of  bricks  were  dried  in  the  air,  for  ths 
space  of  thirteen  days  ;  they  were  then  burnt  with  others,  with- 
out any  particular  precautions,  and  when  they  were  taken  fioa 
the  kiln,  it  was  found  that  the  bricks  made  of  the  earth  which 
had  been  most  worked,  still  weighed  four  ounces  more  thaa 
the  others,  each  having  lost  five  ounces  by  the  evaporatioo  ef 
the  moisture.  They  differed  also  very  remarkably  in  stna^; 
for  on  placing  them  with  the  centre  on  a  sharp  edge,  and  lead- 
ing the  two  ends,  the  bricks  formed  with  the  well-tempered 
earth  were  not  broken  with  a  less  weight  than  sixty-five  powads, 
or  one  hundred  and  thirty  pounds  in  all ;  while  the  others  weie 
broken  with  thirty-five  pounds  at  each  end,  or  seven^  poaads 
in  the  whole.  That  the  quality  of  bricks  should  be  improved, 
by  bestowing  more  labour  upon  the  preparation  of  the  earth, 
will  hardly  excite  surprise,  though  the  degree  of  the  iBprore- 
ment,  as  just  stated,  may  certainly  be  considered  remarkaUe; 
but  there  is  another  mode  of  strengthening  these  artiidal 
stones,  still  more  extraordinary,  and  not  so  easily  to  ha 
accounted  for.  Goldham  observes,  tJiat  bricks  which  have 
been  once  burnt,  then  steeped  in  water,  and  burut  agaia, 
become  doubly  strong.  We  know  not  that  this  obaervatioB, 
which  is  repeated  without  comment,  by  nearly  all  the  writers 
who  have  occasion  to  treat  of  this  subject,  will  always  be  vcri> 
fied  in  practice ;  but  it  deserves  attention,  from  the  number  sad 
respectability  of  the  writers  who  have  contributed  to  give  it 
currency. 

The  following  is  a  description  of  the  best  method  of  making 
bricks,  with  all  the  impnovements  that  have  been  introdaced 
within  tlie  last  few  years. 

The  earth  most  proper  for  making  the  ooantiy  or  kiln-baml 
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brickf,  which,  from  eoBtainiiif  CMmigiiioai  partteles,  always 
bam  red,  ii  a  stiff  elaT*  which  if  tempered  alone,  formed  in 
moulds,  dried  in  the  air  and  son,  and  baked  in  a  kiln  like  pot* 
tery.  These  sort  of  bricks  are  hard  and  red,  sometimes  with 
dark  piiy  or  bisck  ends,  which,  as  often  seen  in  oar  villag^es, 
the  coantry  bricklayers  dispose  in  Tarions  fiicnres  of  dates, 
obcquer  work,  and  similar  forms.  They  are  onGt  for  catting 
and  robbing  for  iraaged  work,  which  is  always  performed  with 
a  milder  sort,  caUcd  rtd  ruHen. 

The  earth  selected  as  the  most  fit  for  makinip  common  bricks 
after  the  London  mode,  is  a  clayey  loam;  and  that  for  the 
superior  sort,  such  as  those  which  are  ascd  for  facing  build- 
ings, called  nm/jh  stock  bricks,  is  a  lighter  sort  of  loam,  in 
which  marl  is  found,  frequently  met  wiih  from  two  to  three 
feet  below  the  clayey  loam. 

The  earth  baring  been  dng  in  autumn,  the  workmen  are  to 
bo  eroplojfed  during  the  winter  in  preparing  it  for  the  ensuing 
season.  This  is  done  by  removing  the  vegetable  mould  from 
the  surface,  which  is  called  tmemllowinfft  and  placing  coal  ashes 
in  proportion  of  two  inches  in  thickness  to  every  foot  deep  of 
•arth«  which  is  twelve  chaldron  of  coal  ashe,  or  bereae,  as  it  is 
•aJled,  to  every  hundred  thousand  of  bricks,  and  mixing  them 
together  in  digging  the  earth;  because  the  composition  is 
unproved  in  proportion  as  it  is  e&posed  and  acted  upon  by  the 
frost,  rain,  and  wind.  The  mixture  is  then  generally  turned 
over  once  after  it  has  been  dug,  but  is  seldom  suffered  to 
remain  in  this  state  of  preparation  longer  than  one  winter 
before  it  is  used,  as  it  would  be  inconvenient  to  the  manufac- 
turer from  the  space  it  thus  occupies ;  and  it  is  considered  not 
to  improve  the  earth  so  much  as  it  deteriorates  the  combustible 
qualities  of  the  ashes. 

When  tiie  prepared  soil  has  thus  endured  a  winter's  prepa- 
ration, it  is  delivered  over  about  Lady-day  to  the  charge  of 
the  brickmaker,  or  wunUder,  as  he  is  called  ;  and  the  first  thing 
tn  be  attended  to  in  the  formation  of  sound  bricks,  is  temper- 
ing the  earth.  This  was  formerly  done  by  a  gang  of  six  per- 
sons, employed  and  paid  by  the  moulder,  who  makes  them 
from  the  heap  till  laid  on  the  hack  to  dry  by  the  thousand ;  and 
an  active,  industrious,  skilful  roan  can,  with  these  assistants, 
who  are  often  his  wife  and  children,  mould  from  six  to  seven 
thousand  in  a  day,  calculating  from  five  o'clock  in  the  morning 
till  eight  at  night.  One  of  this  gang  tempered  and  prepared 
the  earth  with  a  long  hoe,  by  which  he  pulled  it  from  the  heap ; 
a  shovel,  with  which  he  chopped  it  backwards  and  forwards, 
tarning  it  as  often  as  he  found  it  necessary,  incorporating  the 
ashes,  sand,  and  earth  thoroughly  together;  and  a  wooden 
scoop,  with  which  he  threw  water  over  the  mass  in  preparation. 
to  bring  it  to  a  more  ductile  state.  The  great  difficulty  of 
having  this  operation,  on  which  so  much  of  the  success  of  the 
manufacture  depends,  well  performed,  has  occasioned  the 
introduction  into  extensive  works  of  machines  called  pup-milU^ 
into  which  the  prepared  earth  is  wheeled  after  it  is  mixed  with 
a  proper  Quantity  of  water.  Care  should  be  taken,  whether 
the  tempering  be  done  by  men  or  Uie  mill,  that  too  much  water 
bo  not  used,  as  the  more  solid  the  brick  is  delivered  from  the 
mould,  the  better  it  retains  its  form  on  the  hack  where  it  is 
set  to  dry  ;  the  less  it  shrinks  in  drying,  the  sooner  it  dries, 
and  the  better  and  more  shapely  it  burns. 

When  the  mass  is  sufficiently  mixed,  by  either  of  the  above 
nodes,  it  is  laid  in  small  parcels,  well  kneaded,  on  the  mould- 
ing table,  which  is  covered  with  dry  sand.  The  moulder 
throws  it  smartly  into  the  mould,  presses  it  down  to  fill  all  the 
cavity,  and  strikes  off  the  overplus  with  a  stick  previously 
dipped  in  water.  He  then  turns  the  newly  formed  brick  from 
the  mould  on  to  a  tbiu  board,  larger  than  the  brick,  which  is 
removed  by  a  boy  to  a  lixht  latticed  wheelbarrow,  and  is  thus 
conveyed,  covered  slightly  with  fine  dry  sand,  to  the  hacks  to 
dry.  The  bricks  are  arranged  on  the  hacks  with  great  regula- 
rity one  above  the  other,  a  little  diagonally,  in  order  to  give  a 
free  passage  to  the  air.  In  showery  weather  the  piles  are 
■anally  protected  from  its  injurious  effects  by  some  cheap 
ooveriog,  such  as  straw,  or  old  light  boards.  In  grounds  not 
very  extensive,  sheds  are  sometimes  erected. 

when  the  bricks  are  sufficiently  dried  in  the  hack,  which  in 
ino  weather  may  be  in  about  nine  or  ten  days,  they  are  ready 
tar  the  fire,  which  completes  tho  operation*    It  is  of  the  groat* 
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est  consequence  to  the  quality  of  tho  bricks,  that  they  should 
be  thoroughly  dry  before  they  are  set  in  tlie  elanip  or  stack, 
which  can  only  be  ascertained  by  breaking  a  few  in  halves, 
selected  from  various  parts  of  the  hack.  If  the  operation  of 
drying  in  the  hack  be  not  thoroughly  performed,  the  bricks  will 
never  burn  sound ;  and  the  moisture  which  ascends  from  theiu 
in  the  form  of  vapour,  renders  the  upper  courses  in  the  clamp 
peculiarly  unsound. 

The  clamps  arc  generally  of  an  oblong  form,  and  contain 
ftom  one  hundred  thousand  to  half  a  million  of  bricks.  The 
thickness  of  the  walls  should  at  least  be  a  brick  and  a  h.itf. 
Bricks  are  burned  in  kilns  with  less  fuel,  and  with  greater  uni- 
formity and  expedition,  than  in  clamps.  When  they  have  been 
set  or  placed  in  the  kiln,  they  are  covered  with  pieces  of  bricks 
or  tiles,  and  dried  by  kindling  a  gentle  fire,  nhicli  h  kept  up 
for  two  or  three  days,  or  till  the  smoke  becomes  lijeht.  More 
fuel  is  then  added,  and  the  mouth  or  mouths  of  tho  kiln  are 
nearly  closed  with  bricks  aud  r.  et  clay ;  as  soon  as  the  arches 
of  the  kiln  look  white,  and  the  fire  begins  to  appear  at  the 
top,  they  slacken  the  heat  fur  an  hour,  and  let  all  cool  hy 
degrees.  This  they  continue  to  do,  allcrnntdy  heating  and 
slacking,  till  the  bricks  are  thoroughly  burnt,  which  is  usually 
effected  in  forty -eight  hours. 

The  stacks  or  clamps  arc  built  of  the  bricks  themselves. 
The  foundation  is  commonly  somewhat  raised  from  the  sur. 
rounding  ground,  and  of  an  oblong  form ;  the  sides  slant 
inwards  a  little  towards  the  top ;  hence  the  clamp,  in  its  figure, 
is  a  truncated  pyramid.  Flues,  abuut  the  length  of  a  brick  in 
breadUi,  are  made  entirely  through  the  clamp ;  they  are  about 
six  feet  apart  when  the  burning  is  to  be  hastened,  otherwise 
they  are  made  about  nine  feet  from  each  other.  The  arching 
of  the  flues  is  performed  by  laying  the  successive  layers  of 
bricks  a  little  over  tho  edge  of  those  below  them,  till  they 
nearly  meet,  and  then  a  binding  brick  at  the  top  finishes  the 
arch.  In  every  direction,  the  bricks  are  separated  from  each 
other  by  a  stratum  of  coals  and  cinders.  To  facilitate  setting 
fire  to  the  clamp,  a  quantity  of  wood  is  laid  with  the  coal  in 
the  Hues.  When  Uie  fire  is  kindled,  if  it  burn  strongly,  or  the 
weather  is  precarious,  they  plaster  the  outsidcs  of  the  clamp 
with  clay,  and  close  the  apertures  of  the  flues.  On  the  top  ot 
the  clamp,  a  thick  layer  of  breese  (cinders)  are  uniformly  laid. 
When  the  whole  of  the  fuel  is  consumed,  the  manufacturer 
concludes  that  the  bricks  are  sufficiently  burnt.  The  opera- 
tion requires  from  twenty  to  thirty  days,  according  to  the 
quantity  of  fuel,  the  proximity  of  the  flues,  and  the  state  of  the 
weather.  When  the  process  has  been  properly  con<}nctcil. 
those  in  the  interior  of  the  clamp  are  hani.  square,  and  of  a 
good  bright  colour.  These  arc  the  stock  bricks  of  the  London 
market. 

The  preparation  of  the  loam,  marl,  ooze,  chalk,  &c.  with 
which  the  beautiful  yellow  sm/m  stock  of  London,  and  the  pile 
bricks  of  the  Ipswich  sort,  are  made,  requires  more  attention. 
and  a  longer  and  more  careful  process.  The  eartli  and  other 
ingredients  with  which  the  soil  for  malm  bricks  are  coinp<iscd. 
are  wheeled  into  a  mill  with  a  due  proportion  of  water.  This 
composition  is  tiien  ground  in  the  r;.ill,  which  is  supplied  with 
two  sets  of  knives  and  harrows,  and  runs  out  in  a  state  of  thit  k 
mud  or  sludge  through  wooden  spouts,  luto  hacks  which  aro 
raised  near  the  mill.  It  is  there  left,  till  by  the  water  soaking 
away,  and  by  absorption,  it  acquires  a  sufficient  eonsistrncy  i»r 
solidity  to  be  kneaded  for  the  moulder.  The  monlding.  t1r>iii); 
on  the  hacks,  and  burning  in  the  damps,  is  performed  e\ncflv 
as  before  described  for  common  stocks,  but  with  more  care  a«.tl 
precaution. 

As  marl  is  not  always  to  be  found  where  malm  st»ck  bricks 
are  required,  the  method  used  by  Mr.  Lee.  of  Lcui.<ihan>. 
is  so  good  a  substitute,  that  it  is  worthy  the  attention  of  build- 
ers, who  may  wish  to  manufacture  these  beautiful  bricks  with- 
out marl.  After  many  experiments.  occnsiiHied  by  the  pau(  iiy 
of  marl  in  the  London  distrioU,  Mr.  Uc  discovered  that  chalk. 
mixed  in  certain  proportions  with  the  loam,  and  treated  in  the 
usual  manner,  produced  an  excellent  substitute.  For  tins 
discovery  he  took  out  a  patent,  which  having  now  expired,  this 
mode  of  mixing  a  smalt  quantity  of  chalk  with  the  brick  earth. 
is  generally  adopted  round  London,  for  the  purpose  of  giving 
colour  and  ionndness  to  the  brick.    At  Emsaorth,  in  Ilamp- 
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shire,  and  at  Southampton,  ooze  or  sladge  from  the  sea  shore, 
which  contains  much  saline  matter,  is  used  for  a  similar  pur- 
pose ;  hut  however  sound  these  bricks  are,  they  have  neither 
the  rich  brimstone  colour  of  the  London  malm  stock,  nor  the 
rep^ular  stone-coloured  creamy  hue  of  the  Ipswich  bricks. 

Bricks,  like  most  other  useful  articles  in  this  country,  are 
subject  to  a  duty,  and  form  an  important  part  of  the  annual 
revenue  of  the  {government.  They  are  also  subject  to  a  regu- 
lation as  to  size.  By  the  I7th  Geo.  III.  cap.  42,  all  bricks 
made  for  sale,  shall,  when  burned,  be  not  less  than  eight  and 
a  half  inches  long,  four  wide,  and  two  and  a  half  thick ;  and  by 
43  Geo.  III.  cap.  69,  which  consolidated  the  excise  duties, 
every  thousand  bricks  made  in  Great  Britain,  not  exceeding 
ten  inches  long,  three  inches  thick,  and  five  inches  wide,  are 
liable  to  a  doty  of  five  shillings ;  and  exceeding  these  dimen- 
sions, to  ten  shillings. 

The  principal  bricks  used  in  the  United  Kingdom,  are  stock 
and  place  bricks,  from  the  stock  brick  clamp :  malm  stocks,  cut- 
ters^ seconds,  and  pavers,  from  the  malm  clamp.  Red  stocks, 
paving  hrichs^fire  bricks,  foot  and  ten-inch  tiles,  from  strong  clay, 
and  burned  in  a  kiln.  Of  the  Jire  bricks,  the  best  are  from 
Windsor,  Stoarbridge,  Wales,  and  some  of  the  iron  counties. 
The  Welsh  are  excellent,  and  will  stand  extreme  heat ;  they 
are  made  of  large  sizes  for  the  boilers  of  sugar-houses,  brewers* 
coppers,  &c.  and  are  called  Welsh  lumps. 

The  place  bricks  and  stocks  are  used  in  common  walling ; 
the  maris  are  made  in  the  neighbourhood  of  London ;  these  are 
very  beautiful  bricks,  of  a  fine  yellow  colour,  hard,  and  well 
burnt,  and  inevery  respect  superior  to  the  stocks.  The  finest  kind 
of  marl  and  red  bricks  are  called  cutting  bricks  ;  they  are  used 
in  the  arches  over  windows  and  doors,  being  rubbed  to  a  cen- 
tre, and  gauged  to  a  height. 

An  acre  of  land,  including  the  ashes  mixed  with  the  earth, 
is  computed  to  yield  about  one  million  of  bricks  for  every  foot 
in  depth.  The  brick  mould  is  ten  inches  in  length,  and  three 
in  breadth,  and  the  finished  bricks  are  about  nine  inches  long, 
foiir  and  a  half  broad,  and  two  and  a  half  thick.  Difl*erent 
qualities  of  earth,  however,  produce  bricks  of  different  dirocn- 
sions  from  the  same  mould ;  and  even  the  same  earth,  in  pro- 
portion as  it  is  more  or  less  wrought  or  burnt,  exhibits  similar 
results. 

It  is  extremely  probable  that  bricks,  properly  made,  would 
prove  superior  in  durability  to  almost  every  kind  of  stone. 
In  Holland,  the  streets  are  every  where  paved  with  a  hard  kind 
of  bricks,  known  by  us  under  the  name  of  clinkers,  which  are 
often  imported  into  this  country,  and  used  for  paving  stables 
and  court  yards;  and  houses  in  Amsterdam,  which  have  stood 
more  than  two  centuries,  so  far  from  being  decayed,  appear 
perfectly  fresh  as  if  new. 

The  numerous  patents  which  have  been  granted  for  the 
making  of  bricks,  appear  to  have  had  improvements  in  the 
formation  of  the  article  for  their  principal  object,  without  much 
regard  to  the  materials  of  which  it  is  composed.  Cartwright's 
patent,  the  exclusive  privilege  conferred  by  which  has  now 
'expired,  is  perhaps  one  of  the  most  important.  His  improve- 
ment consists  in  giving  bricks  sach  a  shape  or  form  that  they 
shall  inutually  lock  or  cramp  each  other.  The  principle  of  his^ 
invention  may  be  understood,  by  suppojiing  the  two  opposite* 
sides  of  a  common  brick  to  have  a  groove  or  rabbet  down  the 
middle,  a  little  more  than  half  the  width  of  the  side  of  the 
brick  in  which  it  is  made  ;  there  will  then  be  left  a  shoulder 
on  each  side  of  the  groove,  each  of  which  shoulders  will  be 
neariy  equal  to  one  quarter  of  the  width  of  the  side  of  the 
brick,  or  to  one-half  of  the  groove  or  rabbet.  A  course  of 
these  bricks  being  laid  shoulder  to  shoulder,  they  will  form  an 
indented  line  of  nearly  equal  divisions;  the  grooves  or  rabbets 
being  somewhat  wider  than  the  two  adjoining  shoulders,  to 
allow  for  mortar,  8cc.  When  the  next  course  comes  on,  the 
shoulders  of  the  bricks  which  compose  it,  will  fall  into  the 
grooves  of  the  first  course;  and  the  shoulders  of  the  first 
course  will  fit  into  the  grooves  or  rabbets  of  the  second,  and 
so  on.  This  configuration  of  the  bricks  is  to  be  preferred,  as 
it  is  perfectly  simple ;  but  the  principle  will  be  preserved  by 
whatever  form  ot  indenture  they  lock  or  cramp  each  other. 
For  the  purpose  of  turning  the  angles,  it  may  be  expedient  to 
have  bricks  of  sach  a  sise  and  shape  as  to  correspond  with 


each  wall  respectively,  though  this  is  not  abaoloteiy  necettary, 
as  the  grooves  in  the  bricks  of  each  wall,  where  they  eross  or 
meet  each  other,  may  be  levelled,  and  the  bricks  lap  over  as 
in  the  common  mode.  For  the  purpose  of  breaking  the  joints 
in  the  depth  of  the  wall,  bricks  will  be  required  of  differest 
lengths,  though  of  the  same  width.  Boildinga  GODStmcted 
with  bricks  of  this  principle,  will  require  no  bond  timber,  one 
universal  bond  running  through  and  connecting  the  wfcMild 
building  together ;  the  walls  of  which  can  neither  crack  nor 
bulge  out,  without  breaking  through  the  bricks  themselves. 

When  bricks  of  this  form  are  used  for  the  constmctkni  of 
arches,  the  sides  of  the  grooves  or  rabbets,  and  the  shooldefi, 
should  be  the  radii  of  the  circle  of  which  the  Intended  arch  is 
to  be  the  segment.  In  forming  an  arch,  the  bricks  mast  be 
coursed  across  the  centre  on  which  the  arch  is  tnmed,  and  a 
grooved  side  of  the  bricks  must  face  the  workman.  It  may 
be  expedient,  though  not  absolutely  necessary,  in  laying  tht 
first  two  or  three  courses  at  least,  to  begin  at  the  crown  and 
work  downwards.  The  bricks  may  be  either  laid  in  mortar,  or 
dry,  and  the  interstices  afterwards  filled  and  wed|^ed  np,  by 
pouring  in  lime  putty,  plaster  of  Paris,  grouting,  or  any  oilkor 
convenient  material,  at  the  discretion  of  the  workman  or 
builder.  Arches  on  this  principle,  it  is  stated,  having  m 
lateral  pressure,  can  neither  expand  at  the  foot,  nor  spring  at 
the  crown,  consequently  they  will  want  no  abutments,  re^rir- 
ing  only  perpendicular  walls  to  be  let  into,  or  to  rest  npoa; 
and  they  will  want  no  incumbent  weight  upon  the  crown  to 
prevent  their  springing  up,  a  circumstance  often  of  great  im- 
portance in  the  construction  of  bridges.  Another  i^vaatap 
attending  this  mode  of  arching  is,  that  the  centres  may  be 
struck  immediately ;  so  that  the  same  centre  (which  in  no  eait 
need  be  many  feet  wide,  whatever  may  be  the  breadth  af  dw 
arch)  may  be  regularly  shifted  as  the  work  proceeds.  Bat  thi 
greatest  and  most  striking  advantage  attending  this  inveatioo, 
is  the  absolute  security  it  affords  (and  at  a  very  reasosallo 
rate^  against  the  possibility  of  fire  ;  for,  from  the  peculiar  prt- 
perties  oi  this  arch,  requiring  no  abutments,  it  may  be  laid 
upon,  or  let  into,  common  walls,  no  stronger  than  what  in 
required  for  timbers,  of  which,  precluding  the  necessity,  M 
saves  the  expense.  A  more  particular  account  of  this  iavcn- 
tion,  illustrated  by  two  plates,  may  be  seen  in  the  third  vohno 
of  the  '*  Repertory  of  Arts  and  Manufactures.'' 

In  1798,  Francis  Farquharson,  of  Birmingham,  obtained  a 
patent  for  making  bricks  and  tiles  by  machinery  ;  and  indeed 
the  use  of  horse  power,  in  working  the  clay,  is  now  veij 
eommon. 

Whitmore  Davis,  of  Castle  Comber,  in  the  county  of 
Kilkenny,  Ireland,  observed  some  persons  in  the  vicinity  of  a 
colliery,  to  employ  a  mortar,  for  the  backs  of  their  gratos, 
which  in  a  short  time  became  very  hard.  This  snbstaieo 
he  found,  on  inquiry,  to  he  what  miners  term  «««l-eM4  * 
that  fossil  which  lies  between  coal  and  the  rock.  It  koi 
been  examined  by  Kirwan,  who  is  of  opinion  that  it  vilL 
when  mixed  with  a  due  proportion  of  clay,  produce  a  kind  of 
bricks,  capable  of  resisting  the  action  of  fire,  and  coaoo* 
quently  well  calculated  for  furnaces,  or  similar  stmotanii 
The  discovery  of  the  use  of  this  substance  is  oonsid««d  ia- 
portant,  and  it  is  further  observed,  that  seat-coal,  propci|f 
prepared,  vrill  answer  every  purpose  of  tarras,  for  boilmgi 
beneath  water. 

In  building,  a  considerable  waste  of  time  arises  from  Iho 
necessity  of  making  bricks  less  than  the  common  sine,  to  snt 
particular  situations.  Nor  is  the  waste  of  time  the  sole  looi; 
in  attempting  to  divide  a  brick,  especially  in  the  direction  of 
its  length,  one  half  of  it  is  generally  reduced  to  useless  spfi^ 
ters ;  hut  bricks  have  lately  been  made,  which  in  their  soft 
state  were  nearly  cut  through  by  pressing  a  wire  upon  thooi ; 
they  can  then  be  divided  by  a  single  blow :  a  proportioa  of 
them,  along  with  the  common  sort,  produces  on  the  whole  a 
saving  of  some  moment 

It  is  of  considerable  importance  to  examine  clay  before  it  b 
made  into  bricks,  in  order  to  ascertain  whether  any  addilioa 
can  be  made  to  it  which  will  improve  its  quality.  Ae-cotdiag 
to  the  observation  of  Bergman,  the  proportion  of  sand  to  ho 
osed  with  any  cla^,  must  be  greater,  the  more  sadi  clay  is 
found  to  cofntract  in  burning,  bat  the  beat  days  are  soob  as 
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raosin  no  saod.  This  illoitrioas  ohemist  rfcommends  the 
foUowioK  mode  of  analjaii  to  manafactnrers :  Nitric  acid 
poarod  opoD  anbaroed  clay,  detects  the  presence  of  lime,  by 
prododnic  &n  effenrescence.  Calcareous  clays,  or'  marls,  are 
•hen  the  Attest  materials  for  makinfc  bricks.  In  the  next 
plaee,  a  lump  of  clay,  of  a  giTcn  weight,  is  to  be  diffused  in 
water  by  agitation.  The  sand  will  subside,  and  the  clay 
icmain  suspended. 

Paving  tiles  are  a  lonr  flat  kind  of  brick,  used  for  lading 
tbe  floors  of  kitchens,  dairies,  cellars,  &c.  Two  or  tijree 
•ises  of  them  are  generally  made :  the  least  of  English  manu- 
facture are  about  the  same  length  and  breadth  as  common 
bricks :  the  largest  are  about  twelve  inches  square ;  a  middle 
lise,  about  niae  inches  square,  is  also  in  common  use.  The 
thickness  of  all  the  sices  of  paving  tiles  is  only  about  an  inch 
nod  a  half.  They  are  made  of  the  strongest  kind  of  clay,  and 
well  burnt.  Paving  tiles  or  bricks  look  the  best  when  laid 
diagonally. 

The  most  common  tiles  for  roofs  are  those  called  pan  tiles, 
which  are  thirteen  inches  long  and  eight  broad,  and  about 
half  an  inch  thick ;  they  are  curved  in  the  direction  of  their 
length,  $o  that  their  transverse  section  is  a  figure  of  contrary 
evrvature,  like  the  letter  go  ;  the  hollow  of  one  side  serves  as 
m  channel  for  the  rain,  and  for  that  purpose  is  made  of  greater 
radius  than  the  other,  which  is  employed  to  overlap  the  edge 
mi  the  adjoining  tile.  The  tile  at  the  upper  end  of  its  under 
•arface  has  a  knob,  by  which  it  is  hung  to  the  lath.  Tiles 
eoostitnte  a  very  heavy  covering,  and  require  the  laths  by 
which  they  are  supported  to  be  propoitionately  strong*  The 
ImUis  for  pan  tiles  are  about  three-ouarters  of  an  inch  thick, 
mm!  an  inch  and  a  quarter  broad  ;  tney  are  generally  made  of 
deal.  The  other  sorts  of  tiles  are  chiefly  plain  tiles,  hip  tiles, 
SDd  ridge  tiles;  the  latter  resemble^  half  a  hollow  cylinder, 
and  are  laid  on  the  ridges  of  houses.  Ridge  tiles  are  required 
by  statute  to  be  thirteen  inches  in  length,  and  six  inebes  and 
m  half  in  breadth.* 

In  Holland,  they  frequently  glase  their  roofing  tiles,  vrhich 
increases  their  durability,  but  considerably  enhances  the  price 
•f  them.  The  early  destruction  of  onglaxed  tiles  is  occasioned 
by  the  moisture  they  imbibe  ;  for  when  the  water  has  sunk  into 
them,  they  break  with  the  action  of  the  frost.  Sonini  has, 
however,  discovered  an  excellent  preventive  of  this  effect, 
nearly  equal  to  glazing,  and  very  cheap;  he  directs  us  to 
hmsb  over  the  tiles  «i  ith  tar,  after  they  have  been  well  warmed 
In  the  sun.  Tiles  which  have  been  cracked  by  the  frost,  may 
he  preserved  from  the  further  influence  of  the  same  cause,  by 
the  like  application* 

Of  tke  Tools  used  in  Bricklm^mg. ^The  brick  trowel  which  is 
oaed  for  taking  up  and  spreading  the  mortar,  is  also  used  for 
cnlting  the  bricks  to  any  required  sise,  and  should  therefore  be 
■ade  of  the  best  steel,  and  well  tempered. 

The  hammer  used  by  the  bricklayer,  is  adapted  either  to 
•triko  a  blow,  or  to  divide  the  bricks,  as  may  be  required  in 
catting  a  hole  through  a  brick  wall,  or  other  operations.  One 
cod  of  the  head  of  it  has  therefore  a  face  similar  to  that  of  an> 
comoran  hammer,  and  the  shape  of  the  other  end  resembles 
that  of  a  carpenter's  axe,  thouxh  far  narrower  in  proportion  to 
ita  length.  The  handle  is  inserted  much  nearer  the  face  of 
the  hammer  than  the  other  extremity  or  edge.  Another  kind 
of  hammer,  often  employed  in  taking  down  brick-work,  differs 
from  the  above  only  in  having,  instead  of  the  axe  part,  nearly 
the  shape  of  an  adke,  but  not  so  broad  for  its  length  ;  hence  it 
■lay  be  driven  with  facility  between  brirks  to  separate  them. 

The  phamb-mle  is  similar  to  that  used  by  carpenters  and 
other  artisans.  It  consists  of  a  well-seasoned  board,  the  length 
of  which  should  at  least  be  four  feet ;  its  thickness  and  breadth 
are  not  very  material,  provided  they  be  suflicieot  to  prevent  its 
warping.     Down  the  middle  of  one  of  the  broad  surfaces  of 

*  Mrirk-wmUr,  or  wtier  hapr^Kiuitcd  witk  lb«  •oalcaU  of  brieks  t  CiIm,  ii 
fomo—fd  •#  prop«rtif •  m  naftrkftblt,  tad  at  ih«  mom  !!■•  m  pcrwcieit  ia 
lir  cfl«eU.  wkM  iMd  for  cilioarj  parpotM,  tliat  wt  eaoaeC  r«f«M  •  plae« 
^  foOowiBf  car  loot  •mp«rMi««t  bimU  by  Dr.  Ptrcival,  aad  tUtad  ia  tk« 
rol«ni«  of  htM  EftMyt.     H«  steeped  tw«  or  tkrto  plocet  of  oomaNMi  brick 
days  n  •  boAia  foil  of  distilled  wator,  wbaeb  be  aAerwardt  deeaatcd  off. 
•AiBiacd  by  ?ario«s  cbeaical  imIs.    It  wu  aot  aiseibl*  witb  losp  -, 


the  board  is  drawn  a  straight  line,  and  at  one  extremity  in  this 
line  is  attached  a  small  cord  with  a  weight  at  the  lower  end. 
If  the  long  narrow  sides  of  the  rule  be  perfectly  straiy^ht  and 
parallel  with  each  other,  and  the  line  is  equidistant  from  the 
arris  on  each  side  of  it,  the  plummet  being  hung  in  this  line 
will  form  a  correct  instrument.  Either  of  the  long  narrow 
sides  of  this  rule  is  applied  to  the  wall,  so  that  the  plummet 
and  its  cord  may  fare  the  workman,  who.  by  frequently  using 
it,  is  enabled  to  carry  up  his  wall  perpendicularly.  If,  in  any 
of  these  trials,  he  observes  that  the  cord  of  the  plummet  does 
not  coincide  with  the  line  on  the  rule,  he  sets  the  bricks  fur- 
ther in  or  out,  as  may  be  required  to  rectify  the  error,  taking 
care  to  do  it  while  the  mortar  they  are  set  in  is  yet  wet.  As 
the  plummet  is  not  made  to  hang  below  the  rule,  a  hole  is  cut 
in  the  latter,  to  allow  the  cord  to  hang  straight. 

The  level  employed  by  the  bricklayer,  is  also  similar  to  that 
of  the  carpenter,  being  of  various  lengths  from  siv  to  twelve 
feet.  If  one  end  of  the  plumb-rule  above-mentioned  were 
joined  at  right  angles  to  the  middle  of  the  long  narrow  edge 
of  another  board  of  the  same  thickness,  but  about  double  its 
length,  it  would  become  a  level,  the  lower  edge  or  side  of  the 
piece  thus  added  to  the  rule,  becoming  the  surface  placed  on 
walls,  particularly  at  window  sills  and  wall-plates,  to  ascertaia 
whether  they  are  horizontal  or  not.  To  try  the  correctness  of 
a  level,  place  it  vertically,  that  is,  in  the  position  in  which  it 
is  used,  upon  any  flat  surface,  or  merely  place  each  end  of  the 
bottom  edge  upon  a  block  of  wood,  and  raise  or  lower  the  sud- 

1>orts  till  the  cord  of  the  plummet  exactly  coincides  with  the 
ine  on  the  perpendicular  rule  or  limb  of  the  instrument. 
When  this  is  observed,  reverse  the  ends,  and  if  the  same  coin- 
cidence then  takes  place,  the  level  is  tnie  ;  but  if  it  does  not, 
the  bottom  must  be  planed  till  the  trial  will  succeed.  The 
perpendicular  and  horiiontal  parts  of  the  level  are  not  only 
fastened  together  by  mortise  and  tenon,  but,  fur  greater  firm- 
ness, and  to  prevent  warping,  two  braces  are  added,  which 
extend,  in  a  slanting  direction,  from  the  horizontal  piece  neariy 
to  the  top  of  the  perpendicular  one. 

A  Inrge  square  is  employed  in  setting  out  the  sides  of  build- 
ings at  right  angles ;  and  a  small  square  for  trying  the  bedding 
of  bricks,  and  squaring  the  soffits  across  their  breadth, 

A  betel  is  required  for  drawing  the  soffit  line  on  the  face  of 
bricks.  « 

The  ro</,  for  measuring,  is  either  five  or  ten  feet  long  ;  the 
feet  are  divided  b^  notches,  and  one  of  those  next  the  extre- 
mity of  the  rule  is  divided  into  inches.  Dimensions  may  be 
more  expeditiously  ascertained  with  the  rod  than  with  a 
pocket  rule;  but  bricklayers  ara  generally  provided  with  a 
measuring  tape,  which  i*  coiled  up  by  its  winch  into  a  cylin- 
drical box,  of  such  small  dimensions,  as  to  unite  a  more  con- 
venient portability  than  the  pocket  rule,  with  greater  despatch 
in  the  general  operations  of  measurement,  than  can  be  obtained 
by  the  use  of  the  rod. 

The  ioiniing-rule,  employed  in  ronning  the  joints  of  brick- 
work. Is  eight  or  ten  feet  long,  and  four  inches  broad.  When 
designed  for  the  usa  of  two  bricklayers,  the  latter  length  is 
employed. 

The  iron  tool  used  alonx  «iith  the  jointing-rule,  to  mark  the 
joints  of  brick-work,  is  called  z  jointer ;  its  form  is  nearly  that 
of  the  letter  S,  though  its  flexure  is  not  in  proportion  so  con- 
siderable. 

The  raker  has  its  use  designated  by  its  name.  It  is  em- 
ployed to  rake  or  scrape  loose  and  decayed  mortar  out  of  the 
joints  of  walls,  the  appearance  of  which  is  Intended  to  be  im. 
proved  by  pointing  them  afresh.  The  rake  is  made  of  iron, 
pointed  with  steel,  and  at  about  one*fourth  of  its  length  from 
each  extremity  it  is  bent  to  a  right  angle,  so  that  it  would 
resemble  a  Z.  if  the  stroke  connecting  the  top  and  bottom  of 
that  letter  were  perpendicular  Instead  of  slanting. 

•Iraek  •  livelv  greea  widi  svrap  of  fiolets.  becaae  sligblly  loeteiceat  b?  tbe 
▼oUtile  alktli,  b«t  eotircly  sulky  bv  tbe  fixed  elkeh.  ud  by  •  eolauoo  of 
Mfmr  of  lead.  No  cbaafe'was  prudoced  oa  it  by  aa  iafasioa  of  toraeatil 
root.  Heoee  tbe  Doctor  jatily  euacladed.  tbef  tbe  liaiaf  of  wtlU  wifb  bricks, 
a  practice  very  roawoo  ia  rarioos  pieces,  is  sxtrenelj  iaproper,  m  it  oaaaot 
fail  to  rcwier  tbe  w»ti»r  b«rd  aad  aawboleaoMe,  e^oally  aafit  for  tbe  att  of 
tbe  kiubca  aad  waik-boase. 
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The  hod  is  sn  angnlar  wooden  troagh,  closed  only  at  one 
end;  so  that  it  reaembles  the  half  of  &  rectau^lar  boxdirided 
in  sucb  a  manner  as  to  consist  of  tno  entire  sides  and  one  end, 
nrmed  with  a  pole  or  handle  aboat  foor  feet  loiw>  In  this 
utensil,  Ibe  laboaret  carries  opon  his  sfaoalder  the  bricks  and 
mortar  with  which  he  impplies  the  bricklayer.  It  is  coatomarj 
to  sprinkle  the  inside  of  the  hod  with  clean  dry  sand,  before  it 
19  filled  with  mortar,  which  is  theieby  prevented  from  adhering 
to  the  wood. 

A  rorff  or  line,  to  sene  ai  a  guide  in  laying  the  oonrsea  of 
bricks  exactly  straight,  is  stretched  close  to  the  wall,  and  re- 
moved at  the  proper  inlervals  as  the  work  Bdvaoces.  This 
line  in  fastened  to  two  pointed  iron  pins,  called  the  Iim  ptw, 
one  attached  to  each  end  of  it. 

The  bricklayer's  ramnur,  resemble!  the  pavier's.  If  the 
groond  intended  for  a  fouodatiari  is  deemed  not  sufficiently 
fotid,  it  is  compressed  as  mach  as  possible  by  this  tool,  a  doe 
attention  to  the  use  of  which  will  prevent  fractures  that  may 
endanger  the  building. 

The  iroK-cmte  and  ihe  pick-axt,  are  ngefol  assistants  to  the 
bricklayer,  of  obvloaa  utilitj' ;  being  sometimes  employed  in 
ooojooction,  and  sometimes  alone,  in  digging,  breaking  through 
walls,  raising  heavy  bodies  out  af  the  ground,  and  similar  ope- 

The  eompaitet  for  traversing  arches,  and  the  gnttdmg-ttimt 
for  sharpening  tools,  scarcely,  perhaps,  require  to  be  men- 
tioned. 

II.  Of  Faatidatwtu, — Foundations  are  either  nntorak  or  arti- 
ficial :  natnrsl,  where  the  ground  is  rocky  or  good  .  arlilicial, 
when,  from  its  boggy  sandy  state,  or  from  its  having  been 
ately  dug  up,  piling,  or  some  other  precaution,  must  be  resort- 
ed to,  for  the  support  of  the  building.  Appearances  die  so 
often  deaeitfnl,  that  the  prudent  builder  will  nevri  depend  opon 
them,  bat  will  examine  the  grouud  intended  tor  u  fonndadon 
with  the  utmost  attention.  If  the  ground  shake  un  beiop  ilruck 
with  the  rammer,  the  nature  of  it  mos'  be  ascertained  by 
piercing  it  with  a  well -digger's  borer.  HavinK  found  how  far 
the  firm  ground  is  beneath  the  surface,  the  loose  or  soft  parts 
mnit  be  removed,  if  not  very  deep  the  excavations  made  on 
these  occasions :  should  widen  upwards,  and  tbeir  sides  be  ont 
in  the  form  of  steps ;  by  which  means  a  firmer  bed  will  be 
obtained  for  the  wall  than  if  the  sides  of  the  trenches  were 
simply  inclined  planes. 

Palladio  directs  the  ground  for  the  loundation  (o  be  pene- 
trated to  a  sixth  part  of  the  whole  height  of  the  building,  un- 
less there  be  celfars.  in  which  case  he  recommends  digging 
deeper.  It  is  a  good  rale  to  make  the  foundation  doable  the 
hreadth  intended  for  the  superincumbent  wall,  and  the  con- 
traction of  it  shonld  be  made  alike  on  both  sides. 

If  the  earth  is  very  unsolid,  piles,  close  to  each  other,  and 
long  enough  to  reach  the  good  gronnd,  mast  be  driven  in. 
The  thickness  of  these  piles  should  not  be  less  than  one-twelfth 
of  their  length ;  they  should  he  made  to  present  as  even  a 
sarface  as  possible,  and  should  then  be  covered  with  planks. 
It  is  a  curions  fact,  that  dry,  straight-grained  piles,  may  e 
driven  uiucb  further  by  the  same  force,  than  if  they  be  made 
of  wood  in  an  opposite  Etafe. 

When  the  inSrmity  of  the  gronnd  is  nniform,  but  not  very 
considerable,  it  may  be  made  good  by  laying  pieces  of  sound  oak 
about  two  feet  apart,  across  the  breadth  of  the  trench  in  which 
the  wall  is  to  stand,  and  when  these  have  been  Grmly  bedded 
and  rammed  down,  planks  of  the  same  timber,  or  of  pitch  pine, 
(which  is  equally  as  durable  in  such  situations,)  must  be  laid 
down  and  spiked  upon  them.  The  planks  should  be  halfa 
foot  wider  than  the  base  of  the  foundation  wall.  Ground  of 
this  description  may  also  be  mado  good  by  ramming  large 
stones  upon  it  closely  together,  and  extending  in  breadth 
aboin  a  foot  on  each  side  of  the  wall.  Upon  the  Grst  course  of 
stonen,  another  course,  rather  narrower,  may  be  laid,  taking 
care,  as  in  walling  generally,  to  make  the  joints  of  one  oonrse 
fall  on  the  middle  of  the  stones  in  the  other. 

If  the  ground  be  fonnd  defective  in  one  place  and  good  tn 
another,  the  unequal  settlement  which  would  be  the  inevitable 
consequence  of  building  upon  it  in  such  a  state,  may  be  pre- 
vented by  a  plan  which  is  now  becoming  daily  more  common, 
and  which,  ff  carefully  executed,  is  always  succeisfnl.    It  con- 


■ists  in  the  use  of  arohes,  either  inverted  or  sospeaded,  Hieafd 
iog  to  cirenmstaitoes,  which  we  shall  now  advert  to. 

When  the  soft  parts  of  the  ground  ar«  voder  the  Rp«tUM 
only,  inverted  arches  are  to  be  turned  under  •moh  f  artam. 
in  the  manner  represented  by  the  annexed  SyorO;  By  Ms 
means  the  advantage  of  one  cootiosed  buo  la  obtained,  fv 


the  piers  cannot  sink  without  carrjiug  the  arebea.  and  eoate- 
qneully  the  gronnd  uponwhich  they  stand,  along  with  tbeia.  n* 
whole  building  will  tbeTefore  sink  equally,  and  no  fractare  of 
the  walls  will  ensue.  So  much  is  the  use  of  inverted  ar^ei 
under  apertures  approved,  that  they  are  considered  indtspea- 
sable  in  all  buildings  of  considerable  weight  or  conaequeaee, 
even  when  the  i;roand  is  not  found  to  be  defective.  ItUnS- 
ciently  obvious,  that  the  waits  of  all  baildings,  the  baseof  Iki 
foundation  n(  which  is  not  actually  laid  upon  the  bare  sdd 
rock,'  will  4ink  a  little,  and  as  the  pressure  of  the  pienisia- 
eooiparably  greater  than  that  of  the  low  piece  of  wallinf  uder 
the  apertures  the  risk  is  extreme,  that  the  resistance  of  tks 
ground  agaiosl  this  low  waiting  will  not  allow  it  to  sink  witk 
Ihe  piers,  and  consequently  the  fracture  of  the  wall,  and  pre- 
bably  the  breaking  of  the  window  sills,  will  be  the  conaeqaMce. 
The  inverted  arches  prevent  these  bad  eSects ;  and  a*  IhcT 
hi>ve  so  important  a  service  to  perform,  they  alionld  be  tksaa 
with  the  greatest  care,  closely  jointed,  and  tbeir  deplb  at  bad 
equal  to  half  their  width. 

When  the  reverse  of  the  preceding  case  occori,  that  i^wln 
the  solid  parts  of  a  foundation  are  only  to  be  fouad  utda 
apertures,  then  piers  must  be  built  in  these  plattes,  and  arcki 
suspended  between  them,  as  represented  in  the  following  IgHt. 


It  is  best  to  make  the  middle  of  the  pier  rest  upon  Oeait 
die  of  the  summit  of  the  arch.  If  the  pier  does  not  eovirfti 
nrcb,  the  narrower  it  is,  the  greater  should  be  tbe  cumtaFctf 
the  latter  at  the  apex.  When  arches  are  used  in  tbi>  way.ttt 
intrados  ought  to  be  clear,  that  they  may  have  their  ftdl  eiNl 
The  uniform  resistance  of  the  ground  upon  which  the  pinsMe 
erected,  is  alio  of  greater  importance  than  even  its  periM 
hardness ;  for  if  it  resists  unifurmly,  the  building  will  silk  ii 
every  part  alike,  and  remain  nni^jnred. 

When  wood  is  laid  in  the  trench  of  a  foundadoo,  tta  fnl 
course  of  stone  or  brick  should  be  laid  as  close  as  poHftfc. 
without  mortar,  which  injures  the  timber.  If  there  be  way  tit 
ferencc  in  the  quality  of  the  bricks,  tbe  strongest  vid  de^nt 
which  are  least  liable  to  imbibe  moisture,  should  be  leledrf 
for  foundation  work. 

III.  Cy  Ctmtnit.  Lime,  ^c— The  bricklayer  being  prwld« 
with  tools,  with  bricks,  and  having  prepared  the  trenches  ■ 
his  foundation  for  walling,  finds  himself  in  imnediale  wnt 
of  mortar  or  cement,  a  subject  which  next  claims  oar  eaad- 
deration. 

The  nature  and  best  methods  of  preparing  caleanen 
cements  have  been  Investigated  bj  Dr.  Higgins  with  grwt 
ability  and  success.  He  has  advanced  the  most  MlishetiN| 
proofs,  founded  upon  analysis,  that  tbe  Romans,  whose  nottn 
01  cement,  after  a  lapse  of  two  thousand  years,  instead  sT 
being  decayed,  has  become  as  hard  as  the  stBoes  tt  bW> 
together,  possessed  no  uncommon  secret,  wUcb  w«  are  aa^ 
to  discover.  His  publication  first  appeared  in  1780,  •■'■■ 
evidently  the  production  of  a  liberal  and  inteRirent  miad- 
He  struck  into  a  path  with  which  we  were  but  little  acqaanted, 
though  the  knowledge  of  it  is  of  very  oonsiderabic  inper- 
tance  to  the  publio  collectively,  aa  well  as  to  individailii 
tat  it  is  certainly  lamentable  to  abierve  pnUio  lo  private  efr 
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fteet,  iaseeare,  or  prematorelj  rooalderinf  away,  A'om  the 
ignorance  or  disrcf^ard  of  a  few  parliciilarf,  which  might  not 
only  be  observed  with  eaie,  but,  in  many  instances,  with  a 
diminution  of  the  ori^nnal  expense.  The  Doetor's  conclusions, 
which  were  drawn  from  innumerable  experiments,  constitute 
a  great  portion  of  the  best  part  of  oar  knowledge  on  this  sub- 
ject at  the  present  time;  bnt  thoufch  so  many  years  have 
elapsed  since  they  were  communicated  to  the  public,  they  are 
far  from  being  yet  generally  known,  and  consequently  are  not 
reduced  into  general  practice. 

Sach  is  the  neicleot  shewn  on  this  subject,  that  the  timbers 
of  our  houses  last  longer  than  the  walls,  unless  the  mouldering 
ooment  be  frequently  replaced  by  pointing.  The  following 
directions,  for  prepanng  durable  mortar  or  stucro,  contain  the 
resalt  of  the  Doetor's  experience,  and  have  been  attended  to 
with  remarkable  success. 

Sharp  sand  free  from  clay,  salts,  calcareous,  gypseous,  or 
other  grains  less  hard  and  durable  than  quartx,  is  better  than 
nay  other.  When  a  coirse  and  a  fine  sand,  corresponding  in 
th»  aise  of  their  f^rains  to  the  coarse  and  tine  sand  hereafter 
described,  cannot  be  cR!«ily  obtained  native,  the  following 
method  of  sorting  and  cleansing  it  must  be  resorted  to.  Let 
the  sand  be  sifted  in  streaming  clear  water,  through  a  sieve 
which  will  allow  all  grains  not  exceeding  one-sixteenth  of  an 
inch  to  pass  through,  and  let  the  stream  of  water  be  regulated 
so  as  to  wash  away  the  very  fine  parts  of  the  sand,  the  clay, 
nod  every  other  matter  lifchter  than  sand.  The  coarse  mbbish 
left  OB  the  sieve  must  be  rejected.  The  sand  which  subsides 
in  the  receptacle  must  then  be  further  cleansed  and  sorted  into 
two  parcels,  by  the  use  of  a  sie\e  which  allows  no  grains  to 
pass  but  what  are  less  than  one-thirteenth  of  an  inch  in  dia- 
meter. That  part  which  passes  through  this  sieve,  we  shall 
eall  fine  sand,  the  remainln^r  portion,  coarse  sand.  These 
separate  portions  may  then  be  dried  in  the  sun,  or  by  means 
of  afire. 

That  sort  of  lime  must  be  chosen  which  heats  the  most  in 
■laking,  and  slakes  the  quickest  when  duly  watered  ;  which  is 
the  freshest  made,  and  has  been  the  closest  kept,  which  dls- 
aolves  ia  distilled  vinegar  with  the  least  effervescence,  and 
leaves  the  smallest  residue  insoluble,  and  in  this  residue  the 
amallest  quantity  of  clay,  gypsum,  or  martial  matter.  Put 
fborteen  ponnds  of  the  lime  chosen  acrordini^  to  these  im- 
portant rules,  into  a  brass  wire  sieve  still  finer  than  the  last 
Dicntioned.  Slake  the  lime  by  alternately  plunging  it  into 
and  raising  it  out  of  a  butt  of  soft  water ;  reject  all  the  matter 
which  does  not  easily  pass  through  the  sieve,  and  use  fresh 

Krtions  of  lime  in  a  similar  manner,  until  as  many  ounces  of 
le  have  passed  throuKh  the  sieve  as  there  are  quarts  of  water 
in  the  butt.  This  is  the  lime-water,  which  contributes  mate- 
rially to  the  excellence  of  the  stucco.  As  soon  as  a  sufficient 
portion  of  lime  has  been  imparted  to  it,  it  should  be  closely 
covered  until  it  becomes  clear,  and  then  be  drawn  off,  by 
wooden  cock !i,  placed  at  different  heights  as  the  lime  sub- 
sides, without  breaking:  the  crust  formed  on  the  surface.  The 
freer  the  water  is  from  saline  matter,  the  better  will  this  liquor 
be.  Lime-water  must  be  kept  in  air-tight  vessels  till  the 
moment  it  is  used. 

Slake  fifty-six  pounds  of  lime  chosen  at  abova  directed,  by 
gradually  sprinkling  on  it  the  lime  water.  Sift  the  slaked  part 
of  the  lime  immediately  throu|rh  the  last  mentioned  fine  brass- 
wire  sieve  ;  the  lime  which  passes  must  be  used  instantly,  or 
kept  in  air-tight  vessels,  and  the  rest  rejected.  Iliis  finer, 
richer  part  of  the  lime  may  be  called  purified  lime.  It  is  always 
advisable  to  sift  the  lime  immrdintrltf  after  the  slaking,  other- 
wise much  of  the  ill-burnt  lime  and  heterogeneous  matter  which 
it  may  contain,  will  pa«s  throuf^h  the  sieve. 

The  maitrnU  of  the  cement  hcinz  thus  prepared,  take  fifly- 
six  poniuU  of  thr  ('oarse  sand,  and  forty-two  pounds  of  the  fine 
sand  ;  mix  thrm  on  a  larg:r  plank  of  hard  wood  placed  horison- 
tally  :  tbf-n  «|)rea<l  the  sand  ho  that  it  may  stand  to  the  height  of 
inches  with  a  Uat  MUiface  niithe  plank,  and  wet  it  with  lime- 


water,  of  H hit  h  su  nmi-li  must  br  sllowed  to  flow  away  off  the 
plank,  as  the  .«and  in  the  rondition  described  cannot  retain. 
To  the  «rtted  naod  add  faiirt^en  pounds  of  the  purified  lime  in 
several  siirrcssive  portions,  mixing  and  beating  them  up  toge- 
tiier  with  the  instruments  generally  used  la  nskiag  iae  mortar. 
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Then  add  fourteen  pounds  of  bone-ashes  in  successive  par- 
tions,  mixing  and  beating  all  together.  The  quicker  and  more 
perfectly  these  materials  are  mixed  and  beaten  together,  and 
the  sooner  the  cement  thus  formed  is  used,  the  bettrr  it  will  be. 
As  this  cement  is  shorter  than  water  or  common  stucro,  and 
dries  sooner,  it  ousht  to  be  worked  expeditiously  in  all  cases, 
and  in  stuccoing  it  ought  to  be  laid  on  by  sliding  the  trowel 
upwards  on  it.  The  materials  used  along  with  it  in  building, 
or  the  ground  on  which  it  is  laid  in  sturcoing,  ought  to  be 
well  wetted  with  the  lime-water  at  the  instant  of  laying  it  on ; 
and  when  the  cement  requires  moistening,  lime-water  should 
always  be  used. 

The  proportions  above  privenare  Intended  for  a  cement  made 
with  sharp  sand,  for  incrustation  In  exposed  situations,  where 
it  is  necessary  to  guard  against  the  effects  of  hot  weather  and 
rain.  In  general,  half  this  quantity  of  bone-ashes  will  be  found 
sufficient ;  and  although  the  incrustation  in  this  Utter  case  will 
not  harden  deeply  so  soon,  it  will  be  ultimately  stronger,  pro- 
vided the  weather  be  favourable. 

When  a  mortar  or  cement  (»f  a  fine  texture  is  reonired,  take 
ninety-ci^ht  pounds  of  the  fine  sand:  wet  it  witn  the  lime- 
water,  and  mix  it  with  the  purified  lime  and  the  bone-ashes  in 
the  quantities  and  in  the  manner  above  described,  with  this 
difference  only,  that  fifteen  pounds  or  thereabouts  of  lime  are 
to  be  used  instead  of  fourteen  pounds,  if  the  greater  part  of 
the  sand  be  very  fine.  This  (M^ienl  is  suitable  for  the  last 
coating  of  any  work  intended  to  imitate  the  finer  grained 
stones ;  but  it  may  be  opplicd  to  all  the  uses  of  the  first  men- 
tioned composition. 

When  a  mortar  or  cement  is  required,  which  shall  be  stall 
cheaper  and  more  coarsely  grained,  much  eoaiser  sand  than 
the  coarsest  sort  already  spoken  of  may  be  made  nse  of;  for 
the  coarser  the  sand,  the  less  the  proportion  of  lime  which  will 
be  required.  For  example,  of  the  coarsest  sand  alluded  to, 
take  fifty-six  pounds;  of  the  coarse  sand  nhich  passes  through 
the  meshes  of  a  sieve  one-sixteenth  of  an  inch  in  diameter, 
twenty-eight  pounds ;  and  of  the  fine  sand,  fourteen  pounds ; 
and  after  mixing  these,  and  wetting  them  with  lime-water,  ia 
the  manner  already  described,  add  fourteen  pounds,  or  some, 
what  less,  of  the  purified  lime,  and  then  fourteen  pounds  or 
somen  hat  less  of  the  bone-ash. 

When  these  cements  are  intended  to  be  white,  white  sand, 
white  lime,  and  the  whitest  bone-ash,  are  to  be  chosen.  Gray 
sand,  and  gray  bone-ash,  formed  of  half-burnt  bones,  are  to 
be  chosen  to  make  the  cement  gray  ;  and  any  other  colour  may 
be  obtained  either  by  choosing  coloured  sand,  or  by  the  admix- 
ture of  the  necessary  quantity  of  coloured  talc  in  |>owder.  or  of 
coloured  vitreous  or  metallic  powders,  or  other  ingredients  of  a 

similar  aature. 

These  cements  are  applicable  in  forming  artificial  stone,  by 
making  alternate  layers  of  the  cement  and  of  flint,  hard  stone, 
or  brick,  in  moulds  of  the  figure  of  the  intended  stone ;  the 
stones  thus  formed  being  exposed  to  the  open  air  to  harden, 
but  not  exposed  to  rain  till  they  are  almost  as  strong  as  fresh 
Portland  stone.  They  may  be  made  very  hard,  and  beautiful, 
by  soaking  then,  after  they  are  thoroughly  dry,  in  the  lime- 
water,  and  repeating  this  process  several  times  at  distant  inter- 
vals. Incmstatlons,  also,  are  greatly  benefited  by  the  appli- 
cation of  lime-water,  the  entrance  of  which  is  faciliUted  by  the 
use  of  bone-ashes  in  the  cement. 

When  any  of  the  above  cements  are  intended  to  be  used  for 
water-fences,  two-thirds  of  the  prescribed  quantity  of  bone- 
ashes  are  to  be  omitted,  and  an  equal  measure  of  powdered 
terras  used  instead  ;  and  if  the  sand  employed  be  not  of  the 
coarsest  sort,  more  terras  must  be  added,  so  that  the  terras 
shall  be  by  weight  one-sixth  part  of  the  weight  of  the  sand. 

When  a  cement  is  required  of  the  finest  grain,  or  in  a  fluid 
form,  so  that  it  may  be  applied  with  a  brush,  for  the  purpose 
of  smoothing  and  finishing  the  stroncer  crustaeeous  works,  or 
for  washing  walls  to  a  lively  and  uniform  eolonr,  the  fine  pow- 
der of  calcined  flinU,  or  the  powder  of  aay  qnarUose  or  hard 
eartbv  substance,  mav  be  used  in  the  place  of  saod;  but  in  a 
quantity  smaller  as  the  flint  or  othar  powder  is  finer :  so  that 
the  powder  shall  not  be  more  than  six  times  the  weirht  of  the 
lime,  nor  less  than  four  times  its  weight.  The  greater  the 
qeantity  of  Ume  withia  these  limiu,  the  more  the  cemaat  wtll 
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be  apt  to  crack  by  quick  drying,  and  viea  versa.  For  wasbing 
walls,  the  cement  should  not  be  made  thicker  than  new  cream, 
and  should  be  laid  on  briskly  with  a  brush,  in  dry  weather. 
Fine  yellow  ochre  is  the  cheapest  colouring  ingredient  for 
such  a  wash,  when  it  is  required  to  imitate  Bath  stone,  or  the 
warmer  white  stones. 

Where  sand  cannot  be  procured,  any  durable  stony  body, 
or  baked  earth  grossly  powdered,  and  sorted  as  if  it  were  sand, 
may  be  used,  measure  for  measure,  but  not  weight  for  weight, 
unless  the  same  bulk  of  the  gross  powder  be  the  same  as  that 
of  sand.  But  all  substitutes  for  pure  siliceous  sand,  are  im- 
perfect in  proportion  as  the  particles  of  which  tbey  are 
composed,  are  less  hard  than  those  of  that  material.  The 
scrapings  of  roads,  which  consist  principally  of  powdered  cal- 
careous stone,  the  old  mortar  and  other  rubbish  from  ancient 
buildings,  have  often  been  more  strongly  recommended  than 
they  deserve.  These,  and  all  muddy,  soft,  and  minutely  divided 
matters;  require  a  large  proportion  of  lime,  and  never  possess 
the  hardness  and  durability  which  belong  to  good  mortar. 
Sea  sand,  well  washed  in  fresh  water,  is  as  good  as  any  other 
round  sand;  but  if  used  without  being  freed  from  salt,  the 
mortar  made  with  it  is  extremely  liable  to  be  damp. 

The  proportion  of  lime  may  be  increased  without  inconve- 
nience, when  the  cement  or  stucco  is  to  be  applied  where  it  is 
not  liable  to  dry  quickly ;  and  in  the  contrary  circumstance, 
this  proportion  may  be  diminished.    The  defect  of  lime  in 

3uantity  or  quality,  is  best  supplied  by  soaking  the  work,  at 
istant  intervals  of  time,  with  lime-water.    It  is  proper  to  mix 
bair  with  these  cements,  when  employed  for  interior  work. 

The  power  of  almost  eveiy  well  dried  or  bnrnt  animal  sab. 
stance  may  be  used  instead  of  bone-ash. 

The  bone-ashes  facilitate  the  operation  of  plastering,  by 
increasing  the  plasticity  of  the  mortar  into  which  they  enter. 
They  also  render  the  mortar  less  liable  to  crack,  and  cause  it 
to  acquire  more  quickly  that  state  in  which  it  is  not  easily  in- 
jured by  unexpected  rain.  If  employed  in  a  less  proportion 
than  one-fourth  of  the  lime,  they  are  of  little  use,  and  if  they 
exceed  the  lime  in  quantity  they  are  injurious  to  the  cement. 
Hence  the  use  of  them  should.be  regulated  according  to  the 
following  circumstances :  when  the  artist  is  more  solicitous  to 
secure  an  incrustation  from  the  eifect  of  hot  weather,  to  finish 
it  quickly,  and  to  guard  against  rain,  than  to  make  it  durable 
in  the  highest  degree,  he  may  use  as  much  hone-ashes  as  lime ; 
but  when  the  season,  exposure,  and  other  circumstances,  per- 
mit him  to  attend  solely  to  the  true  excellence  and  duration  of 
liis  work,  he  must  use,  in  his  best  calcareous  cements,  only 
one  part  of  bone-ashes  for  every  four  parts  of  lime.  By  these 
rules  he  may  choose  intermediate  quantities  adapted  to  his  pur- 
poses. The  bone-ashes  should  not  be  in  so  coarse  a  powder  as 
they  are  when  used  for  cupels,  yet  they  should  by  no  means  be 
levigated  or  ground  to  extreme  fineness. 

By  sharp  sand,  is  meant  such  sand  as  consists  of  grains  with 
flat  surfaces  ;  these  flat  surfaces,  when  enveloped  and  cemented 
together  by  the  lime  paste,  possess  a  much  stronger  cohesion 
than  if  the  grains  were  globular. 

The  precedJDg  metlipd  of  making  mortar  or  stucco  differs,  it 
will  be  perceived,  from  the  common  process  in  several  essen- 
tial particulars;  among  ivhich,  the  purity  and  sorting  of  tbe 
sand,  the  use  of  lime-water,  the  newness  of  the  lime,  and  the 
large  proportion  of  the  sand  to  the  lime,  ooght  to  be  particu- 
larly noticed.  It  may  be  useful  to  inquire  into  some  of  the 
causes  of  dilferences  of  practice  so  remarkable. 

When  the  sand  contains  much  clay,  or  other  impurities,  the 
brieklayers  find  that  the  best  mortar  they  can  make,  must  con- 
tain about  one-half  lime ;  and  in  consequence  pronounce,  with- 
out further  investigation,  half  sand  and  half  lime  to  be  the 
best  composition.  But  with  sand  requiring  so  much  lime,  they 
never  can  make  durable  mortar,  though  of  this  fact  it  may  be 
difficult  to  convince  those  who  are  little  disposed  to  investigate 
causes.  Too  many  artisans  entertain  an  opinion  that  they  have 
nothing  new  to  learn  which  is  worth  notice ;  they  are  apt  in 
efi'eot  to  say,  that  having  served  an  apprenticeship  to  their 
business  they  ought  to  know  something ;  and  thus,  because  they 
ought  to  hnow  something,  tfaey  seem  to  expect  submission  to 
their  very  errors.  To  such  characters  we  speak  not ;  to  con- 
vince them  is  impossible,  and  therefore  the  attempt  is  folly. 


But  those  who  coasider  tbe  interest  of  their  'employers,  and 
that  the  warmth,  dryness,  and  salubrity  of  a  house,  so  fir  as 
the  building  is  concerned,  is  completely  in  their  power,  wiU 
not  despise  any  hint  which  may  extend  their  resources. 

It  is  a  common  fault  to  build  lime-kilns  so  high,  that,  at  the 
bottom  of  the  cavity,  the  lime  is  ready  perhaps  eighteen  hours 
before  that  in  the  upper  part,  and  is  greatly  injur^  by  its  ex- 
posure to  the  draft  of  air  passing  through  the  6re.  liime-kihis 
ought  to  be  made  much  broader  and  shallower  than  eustooiBry, 
with  the  cavity  tapering  upwards,  and  should  terminate  in  a 
lofty  flue,  in  order  to  accelerate  the  combustion,  when  required, 
by  a  quick  current  of  air.  Calcareous  stones  aeqvire  in  the 
most  eminent  degree  the  properties  of  lime,  when  they  are 
slowly  heated  in  small  fragments  of  uniform  siae,  nntil  thcr 
appear  to  glow  with  a  white  heat,  and  this  is  continued  uon 
they  become  non-effervescent  if  steeped  in  an  aeid.  Tbe  art 
of  preparing  lime  consists  chiefly  in  attending  to  these  parti- 
culars. The  whiteness  of  lime  shews  it  to  be  free  from  metalEe 
impregnation.  Merely  to  keep  lime  dry  is  not  enough  to  pre- 
serve it;  it  grows  worse  for  mortar  every  day  it  is  kept  ia 
heaps  or  untight  casks,  and  is  soon  reduced  nearlj  to  the  state 
of  chalk.  It  may  be  greatly  debased,  without  slaking  sensiUy, 
and  such  parts  or  fragments  as  fall  to  powder  merely  by  ei- 
posure  to  the  air  are  unfit  for  mortar.  It  has  been  foaoid  by 
experiment,  that  lime  will  absorb  one-fourth  of  its  wei^  e. 
water,  and  yet  remain  perfectly  dry.  Bishop  Watson  foand, 
that,  upon  an  average,  every  ton  of  limestone  produced  eletea 
hundred  weight,  one  quarter,  and  four  pounds,  of  lime,  weif  bed 
before  it  was  cold ;  and  tliat,  when  exposed  to  the  air,  it  In- 
creased in  weight  daily,  at  the  rate  of  a  hundred  weight  pfr 
ton,  for  the  first  five  or  six'days  after  it  was  drawn  froa  the 
kiln.  Hence  those  who  have  to  fetch  lime  from  great  <fif- 
tances,  may  save  even  in  point  of  cartage,  by  receiving  it  as  it 
is  taken  out  of  the  kiln. 

Mortar  which  sets  without  cracking,  whether  this  be  ovisg 
to  the  due  proportion  of  sand,  or  to  the  slow  exhalation  of  the 
water  from  mortar  containing  less  sand,  never  cracks  after- 
wards, whatever  its  faults,  in  other  respects,  may  be.  As  it  if 
the  lime  paste,  and  not  the  sand,  which  contracts  and  pre* 
duces  fissures  in  drying,  so  the  more  sand  there  is  in  tbe  eoa* 
position,  the  less  the  cracks  will  be  seen.  Mortar  wfaiek  ii 
liable  to  crack,  becomes  irreparably  injured  by  frequent  alter- 
nations of  wetting  and  freezing ;  for  the  water  imbil>ed  by  the 
smallest  fissures,  dilating  as  it  congeals,  loosens  its  whole  tex- 
ture. Where  it  is  composed  of  seven  parts  of  sorted  sand  ti 
one  of  lime,  it  is  not  disposed  to  crack. 

That  mortar  may  become  indurated  the  soonest  and  in  tht 
highest  degree,  and  operate  the  most  effectually  as  a  eemeat, 
it  must  be  suffered  to  dry  gently  and  set ;  the  exsiccatioa  ot 
it  must  be  eff'ected  by  temperate  air,  and  not  accelerated  ky 
the  heat  of  the  sun  or  fire.  It  must  not  be  wetted  till  after  it 
sets ;  and  afterwards  it  ought  to  be  protected  from  wet  as 
much  as  possible,  until  it  is  completely  indurated ;  tbe  absorp- 
tion  of  carbonic  acid  must  be  prevented  as  roach  as  possftft 
till  the  mortar  is  finally  placed  and  quiescent,  and  then  itarast 
be  as  freely  exposed  to  the  open  air  as  the  work  will  adout,  is 
order  to  supply  carbonic  acid,  and  enable  it  sooner  to  sustaia 
the  trials  to  which  mortar  is  exposed  in  cementitious  boil<fiBp 
and  incrustations.  To  shew  more  clearly  how  much  oar 
slight  buildings  are  weakened  by  the  agitations  and  pereas- 
sions  to  which  they  are  exposed,  first  in  erecting  the  wab 
and  settling  the  timbers,  and  then  in  driving  those  wedges  ft 
which  the  wainscots,  mantle-pieces,  and  other  ornaments,  are 
fastened,  we  most  observe,  that  the  absorption  of  carhoaie 
acid  by  mortar  contributes  nothing  to  the  strength  of  it,  if  it 
enter  before  it  is  finally  fixed  in  a  quiescent  state.  A  little 
experience  is  sufficient  to  teach  us,  that  the  same  matter  whid 
assists  in  the  induration  of  mortar,  never'serves  to  repair  Ae 
fissures,  or  solution  of  continuity  between  tbe  bricks  and  ee- 
ment,  which  happens  after  it  is  set  When  mortar  is  set  sod 
before  it  is  indurated,  it  may  be  easily  severed  from  the  brickf 
and  crumbled ;  and  for  want  of  softness,  it  cannot  bead  iats 
the  fissures,  or  resume  its  former  condition  in  any  tiaSi 
Hence  by  heavy  blows,  and  in  wedging,  onr  walls  mast  bt 
greatly  weakened ;  and  tbe  more  90,  as  the  houses  are  sfigb^ 
qaickly  hnilt,  and  hastily  finished. 


HO  V 


DICTIONARY  OP  MBCHANICAL  SCIBMOB. 


H  O  V 


471 


Notbiog  is  more  comBOD  than  for  bricklayen  to  keep  their 
uorUr  tome  time  exposed  to  tlie  tar  in  heaps,  before  they  coo- 
•ider  it  proper  for  use ;  a  practice  which  may  perhaps  be  ac- 
counted for,  if  we  consider  that  some  portions  of  every  kind  of 
lime  used  in  this  country,  do  not  slake  freely,  by  reason  of 
their  not  bein|^  sufliciently  burned,  or  of  the  admixture  of  fcjp* 
teous  or  argillaceous  matter ;  which  poi^ions,  like  marl,  slake 
in  time,  thoufch  not  so  (juickly  as  the  purer  lime.  The  plas- 
terers, who  use  a  finer  kind  of  mortar,  made  of  sand  and  lime, 
observe  that  their  stucco  bliiitcrs,  if  it  contain  small  biu  of 
vnslakcd  lime,  and  as  smoothness  of  surface  is  with  them  of 
more  consequence  than  excessive  hardness,  ihey  take  care  to 
secure  the  perfect  .slaking  of  their  lime  by  allowing  sufficient 
time  for  the  impeiftct  parts  to  be  pcnetratrd  hy  the  moisture. 
The  bricklayers,  trustinir.  perhaps,  more  to  the  judgment  of  the 
plasterers,  in  this  respect,  than  to  their  own,  and  considering 
It  very  convenient  to  slake  a  larfro  quantity  of  lime  at  once, 
follow  the  same  prartice,  without  caring:  for  or  apprrhrnding 
the  real  fact,  that  mortar  is  worse  for  every  honr  it  is  kept, 
and  that  they  are  takiiif^  such  nieasiirrs  as  will  prevent  it  from 
ever  acquirini:  that  degree  of  hardness  iu  which  its  perfection 
consists. 

Among  the  circumstances  which  contribute  to  the  speedy 
min  of  modern  buildings,  it  may  also  be  observed,  that  mortar 
oiade  with  bad  lime,  and  a  great  excess  of  it,  is  used  with  dry 
bricks,  and  not  unfrequently  with  warm  ones.  These  imme- 
diately imbibe  or  dissipate  much  of  the  water,  and  as  the 
cement  approaches  nearer  to  be  dry,  whilst  it  Is  still  liable  to 
be  displaced  by  the  percussions  of  the  workmen,  render  it 
little  better  than  equivalent  to  a  mixture  of  sand  and  pow- 
dered chalk.  To  make  strong  work,  the  bricks  ought  to  be 
soaked  in  lime-water,  and  freed  from  the  dust  with  which 
they  lare  commonly  covered.  By  this  means  the  bricks  are 
rendered  closer  and  harder,  the  cement,  bv  setting  slowly, 
admits  the  motion  which  the  bricks  receive  when  the  workman 
dresses  them,  without  being  impaired,  and  it  adheres  and 
ind  ates  more  perfectly.  This  steeping  of  the  bricks  is  an 
irailation  of  the  practice  of  the  plasterers,  who  always  wet  the 
wail  before  they  eommence  their  work,  because  they  know  the 
f^ementwill  not  otherwise  adhere.  This  ought  to  be  done  as 
long  as  the  wall  is  thirsty,  and  lime-water  is  the  most  proper 
kqoid  they  can  use.  The  same  advantage  that  attends  the 
soaking  of  bricks,  would  attend  the  soaking  of  bibulous  stones 
In  lime-water. 

Mortar  made  with  sand  containing  one-seventh  or  one- eighth 
of  fat  clay,  moulders  in  winter  like  marl ;  a  circumstance  which 
proves  the  propriety  of  freeing  from  clay  the  sand  used  in  mor- 
tar. The  washing  performed  for  this  purpose,  will  be  found  a 
^ery  cheap  operation,  even  in  cities,  if  the  water  which  carries 
off  th«*  clay  be  directed  into  a  receptacle  where  it  may  be 
depurated  by  subsidence  for  repeated  use. 

Chalk  lime  may  be  easily  prepared,  so  as  to  be  fally  equal  if 
not  superior  to  stone  lime.  The  reason  why  this  is  not  generally 
thought  to  be  the  cnsc.  probably  is,  that  not  being  of  so  close  a 
texture,  it  is  sooner  spoiled  by  the  absiorption  of  carbonic  acid, 
when  exposed  to  the  atmosphere  after  it  is  mnde.  A  cask  of 
chalk  lime  should  thrrefore  never  be  opened  till  the  moment  it 
is  to  be  slaked,  and  the  greatest  expedition  shonld  be  used  in 
the  slaking,  and  in  the  making  and  applying  the  mortar  to  use. 
In  the  quiescent  air  of  a  room,  a  pound  a\oirdnpois  of  chalk 
lime  becomes  two  ounces  and  a  half  hea\ier  in  tuodajs;  and 
nearly  the  whole  of  this  increase  of  weitht  consists  of  the  car- 
bonic acid  which  it  has  imbibed  from  the  atmosphere. 

The  fittest  water  for  making  mortar,  is  rain  water;  river 
water  holds  the  next  p!:ire  :  land  water  the  next;  spring  water 
tlie  last:  sea  water,  and  all  uati-rs  noticed  medicinally  or 
otherwiite,  for  their  saline  contents,  ought  never  to  be  used  for 
thi«  puriK)se.  * 

The  compositions  mn^ifly  used  for  stuccoing  within  doors, 
are  incapable  of  hardening  considerably,  and  when  they  are 
laid  on  the  naked  walls,  soon  become  tarnished,  unsightly,  and 
inconvenient,  b>  the  damps  which  workmen  call  sweating. 
Sometimes  these  damps  are  occasioned  by  the  bad  constroc- 
tsoo  of  the  walls,  the  joinU  of  the  facing  bricks  having  become 
iwllov  by  the  decay  of  the  mortar,  or  when  the  copings  or  gat- 
urs  are  defective:  a  damp  by  transpiratkNi  alio  ooenrs  when 


the  principal  walls  are  stuccoed  before  they  are  dried,  or  when 
the  matenals  of  them  are  so  spongy  as  to  imbibe  the  rain,  and 
the  circulation  of  air  is  not  suBcient  to  wafi  away  the  transud- 
ing moisture.  The  damp  by  condensation  is  also  very  com- 
mon, and  appears  most  on  the  closest  incrustations,  however 
perfect  and  old  the  walls  may  be.  In  such  instances,  the 
damp  is  owing  to  the  closeness  of  the  body,  and  a  8tucc4»  per- 
vious in  a  certain  degree  to  air  and  moisture,  will  be  free  from 
it,  as  well  as  from  the  damp  before  mentioned.  The  customaty 
mode  of  avoiding  these  damps,  is  to  case  the  principal  walls  of 
houses  with  lathwork,  on  which  the  incrustation  or  plaster  is 
laid  at  some  distance  from  the  wall.  The  narrowing  of  rooms 
and  passages  \ery  perceptibly  is  the  consequence  of  this 
method,  besides  its  expense.  Bone-ashes,  each  grain  of  which 
is  tubulated  is  every  direction,  added  to  the  stucco  in  half  the 
quantity  of  the  lime,  are  a  preventive  of  these  damps  without 
lathwork. 

The  drying,  induration,  and  texture  of  incrustations  made 
on  brick  walls  and  other  irregular  surfaces,  are  always  so  far 
unequal  as  to  exhibit  visible  traces  which  deform  the  work, 
and  cannot  be  effectually  obliterated  by  any  known  method  so 
convenient  as  that  of  covering  the  first  coarse  incrustation, 
after  it  has  dried,  with  another  coat  which  may  bo  made  finer 
and  smoother.  Thus  the  exp<*nse  of  fine-grained,  smooth,  or 
coloured  stucco,  is  rendered  moderate ;  because  the  finer,  or 
the  colouring  ingredients,  may  be  reserved  for  the  exterior 
coat,  which  will  last  for  ages,  if  the  cement  be  good. 

To  tinge  a  cement  siiinciently,  of  any  colour  whieh  is  not 
found  in  sand,  so  that  the  incrustation  shall  not  be  impaired, 
and  that  the  colour  shall  be  as  durable  as  the  cement,  the  most 
proper  ingredients  which  can  be  used  in  lieu  of  sand,  or  of 
part  of  it,  are  coloured  glasses  or  coloured  stones  of  the  hard- 
est kind,  beaten  to  coarse  powder;  the  finer  parts  of  which 
are  to  be  washed  away,  not  merely  because  they  are  injurious 
to  the  cement,  but  because  they  contribute  very  little  to  the 
intende<l  colour. 

Stucco  made  with  the  best  proportions  of  lime,  sand,  and 
lime-water,  is  not  bettered  by  painting  as  soon  as  it  dries ;  as 
this  covering  retards  the  induration  of  it,  by  cutting  off  its 
communication  ^iih  the  air.  It  therefore  renders  it  liable  to 
be  irreparalilv  injured  in  wet  weather,  wherever  the  water  can 
get  behind  the  paint.  If  paint  or  oil  ought  ever  to  be  applied 
on  such  stucco,  it  ought  not  to  be  laid  on  in  less  than  a  year 
after  the  incrustation  is  made.  The  painting  and  sanding  of 
the  common  defective  Incrustations,  contribute  very  little  to 
their  duration,  although  it  hardens  them  at  the  surface  ;  for  it 
does  not  eff'ectually  prevent  them  from  cracking,  and  it  avails 
very  little  to  paint  the  cracked  st»iceo  again,  because  cracked 
stucco  is  alwavs  hollow,  as  the  workmen  term  it ;  that  is,  it 
parts  from  the'  wall  in  the  parts  contiguous  to  the  cracks, 
sounds  hollow  on  being  struck  with  the  knuckle,  and  falls  off"  in 
a  few  years,  if  it  be  so  thick  and  large  iu  extent  as  to  break 
the  adhering  portions  by  its  weight. 

Mortar  made  of  sand,  water,  and  lime,  whatever  may  be  the 
proportions  of  the  mixture,  cannot  be  employed  in  aqueducts, 
reservoirs,  and  other  aquatic  buildings,  unless  sufficient  lime 
be  allowed  for  its  perfect  induration  before  the  admission  of 
the  water;  but  when  mixed  up  with  a  quantity  of  terras,  as 
already  slated,  it  acquires  the  desirable  property  of  hardening 
under  water.  A  few  additional  remarks  on  this  subject  will 
perhaps  be  aeceptalile.  A  mortar  made  of  terras  powder  and 
lime  was  used  in  water-fences  by  the  Romans,  and  has  been 
generally  employed  in  such  structures  e^er  since  their  time. 
As  it  sets  quickly,  and  when  set  is  impenetrable  to  water, 
some  people  have  hastily  eonelnded  that  it  is  the  best  kind  of 
mortar  for  anv  purpose.'  Hut  it  is  lound  by  experience,  that 
mortar  made'of  terras  powder,  whether  coarse  or  fine,  will 
not  grow  so  hani  as  mortar  made  with  lime  and  sand,  nor 
endure  the  weather  so  well ;  on  the  contrary,  it  is  apt  to  crack 
and  perish  in  the  open  air.  Its  efficacy  in  water-fences  is  ex- 
perienced onlv  where  it  is  always  kept  wet.  and  seems  to  de- 
pend principally  upon  the  property  which  the  powder  of  terras 
has,  in  common  with  other  argillaceous  Itodies,  but  in  a  higher 
degree,  of  expediting  the  crystalliaaiion  of  the  ealcareoos 
matter,  by  imbibing  the  water  in  whieh  it  is  diff^used  in  the 
mortar,  and  of  swelling  during  this  absorption,  so  nwch  at 
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to  tendci  ifae  i>«rtu'  impeoetnble  (o  ««y  biarA  wWor.  2t 
■eeaia,  aUo,  Ibat  an  acid  of  the  Tilriolk  kind,  wUcb  U  oootmin- 
e(l  in  l«rraj,  contribiilea  to  tha  tpeedT  MttiDK  of  tbe  cement, 
by  nduoioK  a  part  of  the  lino  to  tbe  eondttioD  of  f  jpium. 
Terra*  ii  a  volcanic  production,  ooosiatiDK  cbietly  of  eta; 
and  oxide  of  iroD  ioduraled  together;  aod  baked  claj.  reduced 
to  powder,  conuDuoiGateB  to  mortal  properties  of  a  aimilar 
kiod. 

Posaolana  is  another  TofcBiuo  production  differing  little 
from  terras,  as  to  Ibo  effect  it  prodnces  io  mortar.  It  is 
tbrowD  out  of  Tolcanoea  in  tbo  rorra  of  Bibei,  and  ii  foond  in 
tuaoy  coantriei,  but  most  abandantly  ia  tbe  kingdom  of 
Naples.  The  oemeat  used  by  Smeaton,  in  tbe  construotioD  of 
the  Eddyslone  light-bouse,  was  compoied  of  equal  parts  by 
meHsare  of  lime  and  poeaulaDB;  a  mixture  wbicb  was  deemed 
tbe  moat  snitabla.  as  tbe  baildiiig  «a*  exposed  to  tbe  utmosl 
violence  of  the  sea ;  but  a  compositioe  exceedingly  proper  for 
aquatic  works  in  generali  nay  be  composed  of  tiro  parts  of 
liine,  one  of  posxolaaa.  and  three  of  clean  sand. 

It  baa  lately  been  discovered,  that  manganese  is  a  valaable 
ingredieot  in  water-cements,  if  used  in  the  (oUowiog  maDner; 
mix  together  four  parts  of  gray  clajr,  six  of  the  black  oxide  of 
manganese,  and  ninety  of  good  limestone  reduced  to  fine  pow- 
der ;  then  calcine  tbe  whole  to  expel  the  carbonie  aoid.  When 
this  mixture  bas  been  well  calcined  and  cooled,  it  is  to  be 
worked  into  tbe  consistence  of  a  soft  paste  with  sixty  parts  of 
washed  sand.  If  a  lamp  of  this  cemonl  be  thrown  into  water, 
it  will  harden  immediately. 

IV.  Of  Brick  Bond  and  VrttUittg.--Wheii  a  brick  is  laid  so 
that  its  length  is  in  tbe  direction  of  the  length  of  tbe  wall,  it  is 
called  a  itreuher ;  and  when  its  length  crosses  that  of  the  wall, 
it  is  called  a  ktadtr. 

The  term  hcmd  is  applied  to  any  dtsposiUon  of  the  bricks,  by 
which  the  continnity,  in  a  straight  line,  of  the  joints  ofawall 
■a  interrupted.  It  is  obvions  that  a  bond  may  be  adopted, 
which  will  interrupt  tbe  rectilinear  direotion  of  both  the  bori- 
XODtal  and  vertical  joints  of  a  wall ;  but  In  tbe  two  kinds  of 
bond  which  have  hitherto  prevailed,  the  bonaontal  joints  are 
oontinoed  in  tbe  same  line  round  the  whole  building,  and  tbe 
vertical  ones  only  iotermpted.  When  tbe  wall  is  only  intended 
to  be  half  a  briok,  or  four  inches  and  a  half  in  tbickaesi,  the 
whole  of  tbe  bricks  are  laid  so  as  to  form  stretchers,  that  is, 
Ibeir  length  is  laid  in  the  direction  of  the  length  of  tbe  wall, 
and  tbe  bond  is  obtaifMd  simply  by  making  the  vertical  jainla 
in  every  oonrse  exactly  opposite  the  middle  of  the  bricks  above 
and  below.  Bat  when  the  wall  is  intended  to  be  the  length  of 
a  brick  or  more  in  thickness,  it  would  be  apt  to  split  into  parts 
if  it  consisted  only  of  two  or  more  walls  separately  bonded,  as 
in  the  instance  just  mentioned  of  tbe  half  brick  wall.  Tbe 
bricks,  therefore,  in  thick  walls,  must  be  connected  in  their 
breadth  as  well  as  their  length,  and  this  is  done  according  to 
two  principal  modes,  one  of  whiob  is  called  English,  tbe  other 
Flemish  bond. 

English  bond  consists  of  headers  and  stretchers  orosiiug 
eacli  other  in  separate  horizontal  courses.  In  Flemish  bond, 
the  headers  and  stretchers  are. placed  alternately  in  tbe  same 
boriaonlal  course.  Flemish  bond  is  now  so  eommon,  that 
hardl)  any  other  kiod  is  to  be  seen;  it  is  preferred,  for  its  ap- 
pearance, to  tba  English,  which  is  much  superior  in  point  of 
strength,  ojid  in  facilit;  of  execation.  Manj  attempts  have 
been  made  to  unite  Flemish  facings  with  complete  bond,  bat 
without  success.  Some  have  laid  thin  slips  of  iron  oocMion- 
ally  in  the  boriiontal  joints  between  the  two  courses ;  and  others 
have  laid  diagonal  courses  of  bricks  in  the  oore  of  thick  walls, 
so  as  to  cross  each  oiber  at  right  angles  in  successive  courses. 
By  the  latter  metua,  thoogh  the  bricks  io  the  middle  of 
tbe  core  have  a  strong  bond,  yet  as  Ihey  form  triangular 
interstices  with  the  bricks  on  each  side,  tbe  bond  of  the  whole 
wail  is  very  inooioplete.  As  tbe  adjustment  of  tbe  bricks  in 
one  course  must  depend  on  the  course  beneath,  tbe  latter,  in 
inakiiig  the  Flemish  bond,  must  be  seen  or  r«calleet«<l  by  the 
workman.  The  view  of  the  joints  of  tbe  under  course  is  btn- 
dered  by  the  mortar  with  which  Ibcy  are  covered,  to  bed  the 
bricks  *f  the  succeeding  courso  upon,  and  it  is  perplexing  for 
tbe  woikman  to  recollect  the  arrangement  of  them,  so  that  be 
ti  in  danrer  of  making  tbe  joints  freqaenlly  to  correspond, 


RBd  thns  rendering  tbe  bMd  iBpottet.  In  the  old  la^h 
bond,  tbe  outside  of  each  eonrie  pohMc  oat  ike  ptwptr  Hi- 
position  of  tbe  eext,  so  that  It  la  an  eaa;  anttsr  tar  Ifee  w«A- 

Tbe  following  jilans  of  walls  in  Bogtlsh  bond,  wMeb  wefl 
deserve  to  be  revived  in  this  eoantry,  will  reader  this  ubject 
more  intelligible : 

The  annexed  fignre  represents  the  bond  of  n  rine-inch  wafl. 
In  order  that  two  vertical  joints  may  not  nm  over  e«cb  Other, 
at  tbe  end  of  the  first  atretcber  (raa 
the  corner,  after  placing  tbe  relMa 
comer  stretcher,  vrhitA  beeoBMs  a 
header  in  tbe  face  that  the  abetckr 
is  in  below,  half  tbe  lengAef  wkM 
it  coven,  abalf  brick  ia  plModoaHi 
side,  so  that  with  the  petnm  e 
.  -  .  -jcbes  and  Ihree-qnarters,  aad  ~ 

Up  of  two  inches  and  a  quarter  is  obtaioed  for  tbe  next  bi , 

and  the  bond  is  continued  by  working  np  the  wall  witb  atai^ 
nate  rows  of  headers  and  stretchers  nntunlly  eroastnf  Mil 
other.  The  half  brick,  or  brickbat,  thus  introdaoed,  U  ariW 
a  clotir,  and  mast  be  divided,  it  will  be  anderatood.  thnagh 
iu  two  broadest  surfaces,  in  tbe  direcUon  of  their  tengtb  As 
same  effect  might  be  obtained  by  die  iuirodaetian  ofa  &*»• 
quarter  brick  at  tbe  corner  of  the  itietefaing  eoDrse,  Ibr  An 
when  tbe  corner  header  ia  laid  over  it,  a  lap  of  two  inibai  tmk 
a  quarter  will  be  left  at  the  end  of  tbe  atretehera  below  Ikrifci 
next  header,  tbe  middle  of  wfaieh,  when  laid,  vriU  be  enrlht 
joint  below  Uje  stretcher,  and  thus  oonslitnte  »  bond  ubifat. 
The  brick  for  tbe  three-quarter  bat,  or  oloaer,  most  be  diviM 
through  its  two  broadest  sorfaeei,  in  tbe  direotioB  of  tMr 
brcadlb. 

The  Bnglish  bond  of  a  biMind 

a  half,  or  fourteen-fiMb  waR.  a^ 

pears    in  this    fifnre. 

slretohing  conne  ia   mi 

that  the  middle  of  tbe  biMdil  flf 

the  bricks  in  tbe  same  layor  or  le«A 

falls  alternately  npon  tbe  nWI*  <f 

tbe  strelehers,  uid  opoa  Ac)abli 

between  tbe  stretcher*. 

TheEnjclish  bond  ofa  two-brick  wall,  flg.  1.     Ta  break  lis 

joints  in  the  core  of  the  wall,  every  alternate   bender.  In  tk 

heading  coune,  is  only  half  a  brick  thick.,   Tbe  EntBib  beai 

Fig.  1.  Fiff.  a. 


la 


H 


lit 


u- 


of  a  wall  two  bricks  and  a  htlfio  thickness,  tg.  9.    Itediip*' 
sitioD  of  the  bricks  is  similar  to  that  of  those  in  tg.  1. 

Part  of  tbe  front  of  a  wall  in  English  bond,  fig.  3,  tb«  » 

broken  side  being  the  corner,    The  Flemish  bond  of  a  afafr 

innh  wall,  fig.  4.      Two  stretchers  lie  between   two  bcadsa; 

and  bricks  being  twice  as  long  as  theyjre  brand,  tbe  biaiM 

Fig.  3.  F(g.  i. 


of  the  two  strelchcn  is  eqeal  te  the  length  oflba  bender,  wliA 
is  tbe  whole  Ibiokoesa  of  ;be  waif.  The  dotted  Umi  ibew  At 
disposition  of  the  bridt*  in  the  seoond  eonrae. 


474 


H  O  17 


DICTIONARY  OF  MBGHANICAL  8GIBNGB. 


HO  U 


posed  that  many  differenoes  of  practice  will  preyail  ia  the 
details  of  bailding.  Several  of  these  differeooei  orif^natein  local 
pecaliarities  of  materials,  of  ooe  kind  or  another ;  bat  there  is 
ooe,  not  belong] n|^  to  this  class,  respecting  which  we  might 
have  expected  to  find  a  Yery  general  nniformity  of  practice. 
In  London,  and  a  wide  district  aroand,  the  scaffolding  for  the 
workmen,  in  erecting  the  walls  of  a  building,  is  external ;  bat 
in  Liverpool,  and  several  other  parts  of  Lancashire,  and  adja- 
cent]  counties,  the  scaffolding  is  wholly  within  the  building, 
whatever  may  be  its  size  or  ^o^equence.  On  the  merits  of 
either  plan  we  shall  not  offer  a  decisive  opinion ;  yet  we  may 
remark,  that  external  scaffolding  is  not  only  the  most  expensive, 
bat  has  an  air  of  insecurity  to  the  workman,  and  of  inoompact- 
ness,  which  is  unpleasant  to  the  observer,  especially  when  he  is 
aware  that  such  cumbersome  appurtenances  may  be  dispensed 
with.  In  populous  towns,  or  confined  places,  also,  the  en- 
croachment of  external  scaffolding  upon  the  street,  is  not  a 
trifling  inconvenienee,  particolariy  as  the  bricks  and  other  ma- 
terials must  be  at  some  distance  beyond  its  limits,  to  prevent 
accidents.  Interior  scaffolding,  on  the  contrary,  being  sup- 
ported on^  the  joists  of  each  floor  as  the  work  proceeds,  is 
erected  with  little  trouble  or  expense,  the  workman  marks  bis 
joints  with  as  much  ease  and  regularity  as  if  he  were  at  the 
outside,  such  a  thing  as  a  falling  brick  or  splinter  is  hardly 
known,  and  the  bricks  and  other  materials  may,  if  necessary, 
be  laid  close  to  the  wall,  so  as  to  occasion  little  inconvenience 
in  the  street. 

To  obtain  the  desirable  requisite  of  dry  walls,  we  have 
already  observed,  that  the  usual  resort  is  the  use  of  interior 
latbworky  and  have  adverted  to  the  means  of  preventing  this 
expense,  by  a  proper  composition  of  the  mortar  or  stucco. 
Another  expedient  in  common  use,  intended  to  secure  the 
dryness  of  the  walls  when  lathwork  is  deemed  too  expensive, 
consists  in  leaving  a  portion  of  the  bricks  in  the  core  or  middle 
of  the  walls,  without  mortar  from  the  top  to  the  bottom.  The 
interstices  thus  left,  serve,  in  some  measure,  the  same  purpose 
Bt  the  space  between  the  lathwork  and  the  bricks.  Perhaps 
the  reference  to  a  figure  may  make  the  nature  of  the  plan  more 
easily  apprehended.  In  the  nine-inch  wall,  in  the  elliptical 
arch,  the  longitudinal  joint  «  6,  and  the  middle  third,  or  from 
9  to/,  of  the  transverse  joint  e  d,  would  be  left  without  mortar ; 
and  the  same  thing  is  done  to  all  the  other  joints  or  portions  of 
joints  similariy  situated.  By  this  contrivance,  the  bond  of  the 
wall  is  greatly  weakened ;  but  strength,  it  will  be  perceived,  is 
not  the  object  of  it ;  the  walls  in  the  inside  are  drier,  they  look 
as  well,  the  house  will  let  for  as  high  a  rent  as  a  stronger,  and 
its  instability  is  left  for  the  purchaser,  or  the  next  generation, 
to  discover.  It  has  not  unfrequently  happened,  however,  that 
the  slightness  of  modem  booses  has  been  quickly  proved,  by 
their  having  tumbled  down  before  they  were  even  finished. 
There  is  one  advantage  of  easing  external  walls  with  lathwork, 
which  is  independent  of  damp,  and  therefore  not  the  object, 
thoagh  the  consequence,  of  that  operation.  As  air  is  one  of 
the  most  imperfect  conductors  of  heat  known,  the  column  of  it 
included  between  the  plaster  or  stucco  and  the  bricks,  tends 
to  prevent  the  temperature  of  apartments  from  being  affected 
by  sudden  vicissitndes  in  the  heat  of  the  external  atmosphere. 
Lathwork  casing  should  be  composed  of  well-seasoned  heart 
laths,  as  the  sap  laths  will  shrink.  Reeds  are  ased  instead  of 
laths  in  some  parts  of  the  country :  but  they  require  a  greater 
quantity  of  mortar  than  laths,  and  produce  on  the  whole  little 
or  BO  saving. 

Frost  is  exceedingly  prejudicial  to  new  brick-work,  and  its 
^fltects  oaght  to  be  guarded  against  with  the  utmost  care. 
When  it  is  apprehended,  the  wall  should  not  be  left  uncovered 
at  night ;  a  capping  of  straw  or  of  weather-boarding  formed 
like  the  roof  of  a  house,  to  carry  off  the  rain  equally  on  both 
■ides,  if  any  occur,  is  generally  employed ;  and  sometimes  for 
the  more  complete  security,  both  the  straw  and  the  boarding 
are  employed  at  the  same  time,  the  straw  being  placed  next 
the  wall.  In  winter,  the  mortar  should  be  used  stiffer  than  at 
other  seasons,  and  if  a  quantity  of  lime,  which  is  quite  fresh, 
or  has  been  kept  in  tight  casks  till  it  is  wanted,  were  reduced 
to  powder  without  slaking,  and  well  beat  up  with  it,  the  set- 
ting  of  it  would  be  vcr^r  materially  hastened.  Where  stronf^ 
work  U  reqaind,  it  is  ilot  expedient,  e? en  in  winter,  to  relin- 


quish the  practice  already  reeomaended*  of  ateeplDg  the 
bricks  in  lime-water ;  and  when  this  is  done,  the  method  jiist 
mentioned  of  preparing  the  mortar  is  the  more  osefal.  The 
bricks  should  not,  however,  be  laid  so  dripping  wet  in  winter 
as  in  warm  dry  weather.  When  the  practice  of  steeping  the 
bricks  in  lime-water  is  rejected  as  too  troublesome,  the  sprin- 
kling of  each  course  with  common  water  may  be  considered  the 
easiest  substitute  for  that  operation.  This  method  of  stren^b- 
ening  the  work  was  adopted  in  the  building  of  the  College  of 
Physicians,  London,  at  the  judicious  suggestion  of  Dr.  Hookc. 

If  the  mortar  has  been  suffered  to  lie  any  time«  previous  to 
its  being  used,  the  labourer  should  beat  it  up  again  to  give  it 
tenacity,  and  to  prevent  the  bricklayer  from  losing  time  is 
working  it  with  his  trowel. 

In  working  up  the  wall,  it  is  by  no  means  advisable  to  work 
more  than  four  or  five  feet  in  height  at  a  time  ;  for  as  all  waUs 
shrink  a  little  soon  after  building,  if  the  different  parts  ai  tbt 
circuit  of  the  walls  or  carcass  be  carried  up  at  distant  inter- 
vals, one  part  will  sink  by  itself,  and  will  consequently  teps- 
rate  from  the  other  part  which  has  become  fixed.  No  portioa 
of  a  wall  ought  to  be  carried  up  more  than  the  height  of  oae 
scaffold  above  the  rest,  except  in  some  case  of  pressing  el■e^ 
gency.  In  carrying  op  any  particular  part,  each  side  on  ihe 
right  and  left  should  be  sloped  off,  to  receive  the  bond  of  tkt 
adjoining  work. 

When  the  house  the  bricklayer  is  employed  upon  is  intended 
to  have  other  houses  parallel  with  it,  half  bricks  in  a  straight 
line  with  the  front,  should  be  left  projecting  from  every  alter* 
nate  course,  at  the  corner  or  corners  to  which  the  addilien  if 
intended  to  be  made ;  or  otherwise,  an  excavation  eoaal  Id  tbt 
breadth  of  a  brick  in  front,  and  to  the  thickness  of  fhe  vsll 
from  front  to  back,  should  be  left  in  the  alternate  ooorses.  Ia 
either  case,  the  two  fronts  will  be  bonded  together,  and  the 
gaps,  so  frequently  deforming  contiguous  hoases,  when  tie 
fronts  have  been  built  independently  of  each  other,  will  be 
prevented. 

Bricks,  as  a  building  material,  have  several  advantages  over 
stone ;  from  their  porous  texture,  they  unite  better  with  tbc 
cement,  are  much  lighter,  and  the  walls  built  with  them  are 
very  little  subject  to  damps  arising  from  the  condensatloo  of 
the  moisture  in  the  atmosphere.  When  ail  materials  are  ready, 
a  good  workman  with  his  labourer  will  lay  a  thousand  or 
twelve  hundred  bricks  in  one  day. 

Brickwork  is  measured  by  the  square  foot,  redoced  to  the 
thickness  of  one  brick  and  a  half;  thus  a  wall  two  brieks 
thick,  ten  feet  long,  and  three  feel  high,  and  therefore  eoDtala- 
ing  only  thirty  square  feet  of  surface  In  front,  would  be  called 
forty  feet  reduced.  It  is  valued  by  tbe  rod  of  two  hundred  and 
seventy-two  feet.  Facing  and  ganged  arches  are  measured hj 
the  superficial  square  foot ;  and  cornices  by  tbe  foot  nmning. 
or  length. 

y.  Masonry. — Masonry  is  the  term  used  to  designate  (be 
art  of  building  with  stone,  as  well  as  the  work  itself  when 
executed. 

All  calcareous  stones  used  in  ma.<onry,  namely,  those  (htt 
bum  to  lime,  if  hard,  of  a  close  texture,  and  beaatifol  appear- 
ance, from  the  variegation,  or  clearness  and  nniformfty  of  tbe 
colours,  are  called  marble.  The  names  of  the  different  kiodf 
of  marble  are  generally  derived  either  from  their  colour,  or  lis 
place  where  thev  are  obtained.  The  most  valaable  kind  sf 
milk-white  marble  is  obtained  in  Italy,  and  is  loo  costly  to  be 
often  used  for  any  but  the  smaller  ornamental  parts  of  build- 
ings. This,  when  cut  into  thin  slices,  is  senu-transpaffflt 
Many  parts  of  the  united  kingdom  abound  with  marble,  wftieb 
is  mostly  more  or  less  colonred,  often  close  in  lis  testate,  aoi 
capable  of  receiving  a  high  polish.  Derbyshire  and  Woslinef*' 
land,  in  England,  are  the  counties  which  supply  the  greitest 
quantity  and  variety  of  marbles,  some  specimens  of  wnich  trt 
highly  esteemed. 

When  marble  that  has  been  faced  with  a  chisel,  is  intended 
to  be  polished,  it  is  ground  by  rubbing  it  with  roogh-graiafd 
freestone,  assisted  by  sand  and  water,  until  the  chisel  msrkt 
are  removed.  Finer  and  fine-grained  freestone,  with  waMV 
but  no  sand,  is  then  used,  till  the  surfkce  becomes  ^7 
smooth.  If  the  finer  grit-stones  be  foand  too  slow  In  thev 
operation,  a  little  fine  floor  of  emery  is  ased.    The  last  aad 
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bixliesl  tastr«  it  iciveD  with  oiide  of  tin,  well  known  voder  the 
BAOie  of  putty.  When  the  sarfkce  of  the  mnrhle  to  be  polithed 
has  been  cut  with  a  saw,  the  very  roofch  freestone  and  sand  are 
not  necessary.  In  other  respects  it  most  be  finished  by  the 
aame  process. 

Ltmestooe  is  a  eoarse  kind  of  marble,  and  is  ont  and  poli.^hrd 
in  a  siuiiliir  manner.  In  many  districts,  it  forms  immense 
•trata.  From  its  (creat  hardnens,  it  is  only  hammer-dresKcd 
when  u!«ed  for  the  fronts  of  buildings ;  but  when  this  is  done 
in  the  best  manner,  the  effect  is  ? erv  fine. 

The  stone  most  commonly  ii^ed  in  London,  is  Portland  stone, 
which  is  brouffht  from  the  island  of  Portland  in  DorKetjthire. 
It  is  of  a  dull  whitish  eoloor,  thoof  h  tlic  huildinp^s  eonstraeted 
with  it  have  a  handsome  appearance.  When  recently  dug,  it 
ia  soft,  ami  easy  to  work,  but  acquires  hardness  mith  age. 
Although  it  eontaios  silex,  the  hardness  it  acquires  is  not  to 

fieat  that  it  will  strike  fire  with  steel.    Under  great  pressure, 
Portland  stone  is  apt  to  splinter  at  the  joints. 
Purbeck  stone  is  brought  from  the  island  of  Pnrbeck,  aUo 
in  Dorsetshire  ;  it  is  mostly  employed  in  rough  work,  such  as 
steps,  paving.  Ice, 

Freestone  is  a  general  name  for  stones  of  very  different  qoa- 
Jities  as  to  their  ralue  in  building.  It  consists  of  olay  and 
silex,  sometimes  the  silex  amounts  to  nearly  one-half  its  weight, 
but  generally  it  is  considerably  less,  and  the  hardness  of  th^ 
stone  faries  with  the  proportions  of  its  component  part  a.  It 
is  often  called  grit  or  sand  stone.  It  is  a  very  pleotifnl  stone ; 
the  strata  of  entire  districts,  under  a  slight  eoTcring  of  soil, 
appearing,  in  various  instances,  to  be  composed  of  it.  The 
particles  of  some  kinds  of  it  have  so  little  cohesion,  that  small 
Dits  mav  be  granulated  between  the  fingers ;  this  Is  the  sort 
commonly  used  for  filtering  stones.  All  kinds  of  it  are  softer 
when  taken  oat  of  the  quarry,  than  they  afterwards  become 
when  dry ,  or  after  long  exposure  to  the  atmosphere.  Freestone 
is  generally  about  two  and  a  half  times  the  weight  of  water. 
That  from  Hollington,  near  Utoxeter,  is  of  a  whitish  or  yellow- 
ish  gray  ;  that  from  Knipersly,  in  Staffordshire,  is  of  a  bluish 
gray,  and  so  infusible  as  to  be  used  as  a  fire  stone.  The 
colour  of  freestone  is  often  a  dull  red,  but  sometimes  so  nearl  v 
white,  that  buildings  constmcted  with  it  look  as  well  as  those 
of  Portland  stone.  Different  parcels  of  freestone,  taken  from 
the  same  quarry,  frequently  exhibit  a  considerable  diversity  of 
colour ;  a  circumstance  which  gives  a  motley  appearance  to 
buildings  in  other  respects  perhaps  faultless.  When  the  stone 
has  been  recently  dug,  and  is  damp,  these  differeaces  are  often 
not  perceptible.  If,  therefore,  aaiformity  of  appearance  be 
desired,  the  stones  should  be  faced,  dried,  and  sorted  before 
tbry  are  used.  Freestone  is  incapable  of  receiving  a  polish, 
and  therefore,  when  it  has  been  cut  with  a  saw,  it  is  rarely  sub- 
mitted to  auy  subsequent  operation  to  produce  greater  smooth- 
ness ;  but  when  it  has  been  reduced  with  the  chisel,  it  is  made 
smooth  with  another  piece  of  stone  of  the  same  kind,  along 
with  sand  and  water.  When  the  freestone  has  a  laminated 
texture,  it  is  called  flag-stone,  and  is  divided  into  thin  pieces 
for  the  purpose  of  covering  houses,  and  for  flooring. 

The  pfisition  which  stones  have  had  in  the  quarry,  is  not  a 
natter  of  indifference  to  the  attentive  mason.  Stones  intended 
to  sustain  great  vertical  pressure,  as  pillars,  should  stand  in  a 
building  as  they  stood  in  the  quarry  from  which  they  were 
taken;  for  pillars,  the  a&is  of  which  were  hortaontal  in  the 
quarry,  when  placed  perpendicularly,  arc  apt  to  split  under  a 
j^reat  strain.  Perhaps  all  stones,  however  solid  they  auiy 
appear,  possess  more  or  less  of  a  laminated  texture, — a  pro- 

Erty  doubtless  occasioned  by  separate  depositions,  or  erystal- 
ations  of  their  peculiar  matter.  What  kind  of  a  pillar  any 
stone  well  known  to  be  laminated,  would  produce,  in  different 
positions,  it  is  not  difllcolt  to  conjecture.  If,  for  example,  a 
block  of  flag-stone  were  converted  into  a  pillar,  so  as  to  leave 
each  lamina  or  flag  of  which  it  is  composed  posited  horlsoBtally, 
it  would  sustain  any  weight  not  capable  of  ernshing  it  to  atoms'; 
but  if  the  lamina  were  placed  in  an  inclined  position,  so  as  to 
form  an  acnte  angle  with  the  axis,  an  inconsiderable  pressure 
would  occasion  them,  where  the  cohesion  was  slightest,  to 
Alide  over  each  other ;  lastly,  if  the  lamina  were  placed  parallel 
to  the  axis,  the  pillar,  under  auMcieut  pressure,  would  divide 
Trrticallj  Into  acferal  parts,  sod  though  rstber  ttroufer  tfcau 


i«  tKe  last  inftanet»,  wotfid  stfll  be  eomparativelv  weak.  An 
attention  therefore  to  the  ponitlon  of  stones,  and  to  veins  or 
other  signs  which  may  indicate  the  existence  of  lamina,  well 
deserves  the  mason's  regard. 

VI.  Cy  Cemwnii  for  Jlfe^oftry.— The  cement  used  fnr  the 
mason  for  the  ordinary  purposes  of  walling,  is  mortar,  differing 
not  from  that  nsed  liy  the  bricklayer  ;  and  as  we  have  already 
treated  of  this  subject  rather  at  length,  a  few  remarks  in  this 
place  will  suflice.  For  the  joints  of  hewn  stone,  thr  mortar 
should  be  much  finer  than  the  bricklayer  requires  ;  and  some* 
times  a  mixture  of  oil-putty,  or  very  thick  white-lead  paint.  Is 
used  as  the  cement.  These  compositions  will  last  longer  than 
almost  any  stones,  and  will  remain  prominent  when  the  face  of 
the  softer  kinds  of  stone  has  been  corroded  by  age. 

The  cement  used  in  setting  column  stones,  is  mostly  oil- 
putty,  or  white  lead  mixed  with  chalk-putty,  or  fine  mortar. 
Sometimes  columns  are  set  upon  milled  lead ;  in  this  case,  the 
lead  should  not  be  quite  equal  to  the  column  in  diameter,  but 
so  as  to  leave  a  narrow  ring  externally,  which  must  be  filled 
with  oil-putty. 

In  situations  not  exposed  to  damp,  plaster  of  Paris  is  em- 

{iloyed  as  a  bedding  for  stones  or  marble.  When  a  mantle-piece 
s  composed  of  valuable  marble,  the  various  pieces  are  com- 
monly very  tbin.  lit  this  esse,  a  considerable  thickness  of  plas- 
ter of  Paris  is  laid  on  the  back,  and  a  slate  or  some  ordinary 
stone  bedded  in  it,  to  give  greater  strength.  Good  plaster  of 
Paris  is  scarcely  to  be  met  with,  nor  are  tlie  cnuses  of  its  im- 
perfection!^  generally  understood  by  workmen.  We  shall 
therefoie  point  them  out,  and  give  directions  for  preparing  it 
of  a  uniform  and  excellent  quality,  when  we  treat  of  casting 
ing  in  plaster. 

The  Greeks  and  Romans  constructed  their  works  of  wrought 
stone  without  cement;  hot  as  they  used  a  profusion  of  cramps 
and  bands  of  iron  and  bronxe,  and  the  beds  of  the  enormous 
stones  they  used  were  finished  with  almost  mathematical  pre- 
cision, their  edifices  were  substantial  and  durable  in  the 
highest  degree.  Metallic  bands  and  cramps  are  still  used  in 
aquatic  works,  as  well  as  for  lofty  steeples,  and  other  slender 
buildiuKS  mu<*h  exposed  to  the  action  of  the  winds,  also  to 
connect  the  different  stones  composing  mantle-pieccs,  &e.  with 
the  wall. 

VII.  Of  Ftont  IK«//i.— The  propriety  of  erecting  suspended 
or  inverted  arches,  according  to  circumstances,  and  other 
general  directions  already  given  respecting  foundations,  being 
as  applicable  to  stone  walls  as  to  those  of  brick,  need  not  be 
adverted  to  again.  The  explanation  of  a  few  technical  tcnna 
will  therefore  be  our  first  object. 

Stones  which  run  through  tiie  thickness  of  a  wall,  in  order  to 
bind  it,  are  called  hami  9ti>net;  in  some  parts  of  the  country 
th^  obtain  the  name  of  through  sionn. 

When  the  side  or  sides  of  a  wall  lean  back,  so  that  the  plumb 
would  fall  within  the  base  of  the  wall,  the  inclination  is  called 
bmiteriMo;  it  is  generally  made  about  one  inch  in  a  foot. 

The  large  stones  at  the  base  of  a  foundation,  which  project 
beyond  the  vertical  surface  or  front  of  the  superincumbeut 
wall,  are  called /oeltn^i. 

The  parts  of  a  wall  between  apertures,  or  between  an  aper 
tnre  and  the  eomer,  are  called  ;>ier#. 

The  5edff  of  a  stone  are  its  upper  and  under  surface,  which 
are  generally  in  a  horicnntal  position  within  the  wall. . 

Walls  built  with  unhewn  stone,  with  or  without  mortar,  are 
called  rmhhie  wmiis.  Rubble  walls  are  of  two  kinds,  the  coursed 
and  the  uncoursed.  In  tlie  coursed,  the  stones  are  hammer- 
dressed  or  axed,  and  adjusted  by  a  sluing  rule,  so  that  each 
row  of  stones  forms  an  horiiontal  surface.  In  the  uncouise<l, 
the  stones  are  lued  in  a  rough  state,  nearly  as  they  come  out 
of  the  quarry. 

Walls  which  are  faced  with  squared  stones,  hewn  or  nibbed, 
and  backed  with  rubble,  stone,  or  brick,  are  called  mskhr. 

Wall-plates  are  horiiontal  pieces  of  timber,  commonly  laid 
even  with  the  interior  of  walls,  for  the  ends  of  the  joists  and 
other  timbers  to  rest  upon. 

The  footings  of  walls  ought  to  eonslst  of  the  largest  stones 
which  can  be  conveniently  procured.  It  is  better  to  have  them 
of  a  rectangular  fom  than  any  ether,  and  if  not  square,  their 
largest  aurfaoei  should  be  laid  hortMiotally.    With  this  shape 
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and  disposition,  tbey  will  make  the  greatoa*  vnalstonoe  to  slnli^ 
ing;.  If  the  stones  intended  to  be  employed  as  footings  doTiate 
materially  from  a  rectangular  figare,  when  receiTed  from  the 
quarry,  they  oaght  to  be  hammer-dressed ;  as,  if  they  taper 
downwards,  or  rest  upon  angular  ridges,  they  will  be  apt  to 
give  way  under  the  weight  of  the  superstruotore.  When  the 
rootings  can  be  obtained  the  full  breadth  of  the  wall  in  one 
piece,  tiiey  are  to  be  preferred ;  but  when  a  sufficient  number 
of  stones  of  this  description  cannot  be  obtained,  then  CTory 
alternate  stone  in  the  course  may  be  the  whole  breadth,  with 
two  stones  next  to  it,  disposed  like  two  stretchers  in  a  nine- 
inch  wall  of  Flemish  brick-work.  When  the  largest  stones 
which  can  be  conveoiently  obtained,  are  insufficient  even  for 
the  latter  arrangement,  the  most  suitable  which  can  be  pro- 
cured, must  be  disposed  so  as  to  break  in  the  best  manner 
circumstances  will  admit,  the  vertical  joints  in  the  same  course, 
as  well  as  those  of  the  different  courses  with  respect  to  each 
other.    Each  course,  also,  should  be  well  bedded  in  mortar. 

When  bond  timber  will  be  required,  theuncoursed  rubble  is 
an  inconvenient  mode  of  building,  as  the  heights  on  which 
they  are  disposed  must  be  levelled.  The  best  kind,  or  conrsed 
f  ubble,  admits  of  bond  timbers  without  difficulty,  for  though 
the  different  courses  are  not  of  the  same  height,  the  surface  of 
each  of  them  is  level ;  but  as  the  walls  in  which  bond  timbers 
are  introduced,  are  apt  to  warp  or  even  fall  in  case  of  fire,  the 
use  of  them  should  be  avoided  in  strong  well-built  walls. 

The  stones  of  an  ashlar  front  should  have  their  upper  and 
onder  surface  correctly  parallel  with  each  other,  and  correctly 
at  right  angles  to  the  face.  If  these  surfaces  be  carelessly  left 
concave,  they  will  be  apt  to  splinter  near  the  edge  under  great 
pressure.  On  the  right  and  left  they  should  taper  inwards,  hot 
the  taper  should  not  be  continued  quite  to  the  face,  though 
it  may  reach  the  face  within  an  inch  or  two.  The  ashlar 
stones  having  the  form  of  a  truncated  wedge,  they  will  in  each 
course  present  a  series  of  angular  indentations  within  the 
wall,  like  the  spaces  between  the  teeth  of  a  saw.  The  stones 
are  so  selected  and  disposed  that  the  vertical  or  upright  joints, 
and  consequently  the  angular  spaces,  of  one  course  fall  on  the 
middle  of  the  stones  below.  By  this  means  the  ashlar  face  is 
bonded  to  the  rubble,  brick,  or  rough  stone  of  the  back,  and 
the  strength  of  the  wall  much  greater  than  if  each  stone  was 
of  an  equal  rectangular  figure.  Strength  is  also  to  be  pro- 
moted by  adopting  a  plan  not  commonly  regarded,  that  of 
sorting  the  stones,  so  that  in  each  alternate  course  they  will 
extend  farther  into  the  wall  than  those  of  the  course  immedi- 
ately above  and  below.  In  ashlar  work,  the  bond  stones, 
which  ought  frequently  to  be  introduced,  cannot  like  the  other 
atones  have  a  wedge-like  form ;  they  must  be  rectangular ;  and 
they  produce  the  best  effect,  when  so  disposed  in  each  course  that 
they  will  be  opposite  the  middle  of  the  space  between  the  two 
bond  stones  in  the  course  immediately  above  and  beneath  them. 

YIII.  Of  Siane  Columm. — ^When  large  stone  columns  are 
made  in  one  piece,  their  effect,  from  that  circumstance  alone,  is 
Tcry  striking ;  but  as  this  advantage  is  not  always  obtainable, 
the  next  object  is  to  make  the  joints  as  few  and  as  minute  as 
possible,  as  well  as  to  be  very  attentive  in  selecting  the  differ- 
ent stones  to  be  combined,  that  the  joints  may  not  be  described 
at  a  distance,  by  the  commencement  of  a  different  colour.  From 
what  has  been  said  in  the  section  on  the  different  kinds  of  stone, 
it  will  be  understood  that  none  but  horizontal  joints  can  be 
allowed  in  any  shaft ;  all  others  being  inconsistent  with  the 
laws  of  strength. 

The  stones  proper  for  an  intended  column  being  proonred, 
and  the  order  in  which  they  are  to  succeed  each  other  being 
determined,  the  next  consideration  will  be  to  ascertain  the 
exact  diameter  proper  for  each  end  of  every  one  of  them.  For 
this  purpose,  draw  an  elevation  of  the  proposed  column  to  the 
full  size,  divide  it  by  lines  parallel  to  the  base,  into  as  many 
beights  as  the  column  is  intended  to  contain  stones,  taking 
care  that  none  of  the  heights  exceed  the  length  that  the  stones 
will  produce.  The  working  of  the  stones  to  the  diameters 
thus  obtained  then  becomes  easy.  The  ends  of  each  stone 
must  first  be  wrought  so  as  to  form  exactly  true  and  parallel 
planes.  The  two  beds  of  a  stone  being  thus  formed,  find  their 
centres  and  describe  a  circle  on  each  of  them.  Divide  these 
circles  into  the  same  number  of  equal  parts,  which  may  for 


example  amoont  to  six  or  eight.  Draw  Hnea  scrofs  eadi 
of  the  stone,  so  that  they  will  pass  through  the  centre  and 
through  the  opposite  xlivisions  of  the  same  end.  The  extre- 
mities of  these  lines  are  to  regulate  the  progress  of  the  child 
along  the  surface  of  the  stone,  and  therefore  when  those  of 
one  end  have  been  drawn,  those  of  the  other  coast  be  made  in 
the  same  plane,  or  opposite  to  them  respectively.  The  cylin- 
drical part  of  the  stones  must  be  wrought  with  the  assistance 
of  a'  straight-edge ;  but  for  the  swell  of  the  ccdomn,  a  diml. 
nishing  role,  that  is,  one  made  concave  to  the  line  of  the  eo- 
lumn,  must  be  employed.  This  diminishing  rale  will  serve  to 
plumb  the  stones  in  setting  them.  If  it  be  made  the  whole 
length  of  the  column,  the  heights  into  which  the  elevation  of 
the  column  is  divided,  should  be  marked  apon  it,  so  that  it 
may  be  applied  to  give  each  stone  its  proper  earvatare.  Bat 
as  the  use  of  a  long  diminishing  rule,  when  the  stones  are  in 
many  and  short  lengths,  would  be  inconvenient,  rales  eorre^ 
spending  in  length  to  that  of  the  different  heights  may  be  en- 
ployed  with  advantage. 

Of  the  different  methods  which  may  be  practised,  to  oblaia 
the  curvature  of  the  rule  to  be  used  in  the  diminotioB  of  the 
shaft  of  a  column,  the  following  may  be  considered  tiie  easiest 
and  best  adapted  for  general  use :  Let  A  B,  in  the  annexel 
figure,  represent  the  height  of  the  column,  efthe  semi-diameter 
of  the  lower  part,  and  g  h  the  semi-diameter  of  the 
upper  part,  according  to  the  customary  proportioa 
of  the  diminution.  As  the  lower  one-third  efthe 
column  must  be  cylmdrical,  draw  a  fine  finom 
e  to  t,  parallel  to  A  B.  What  we  now  want  is,  Is 
obtain  a  curved  line  from  t,  which  will  fall  into  $ 
without  making  the  diameter  of  the  upper  two- 
thirds  of  the  column  in  any  point  grater  than  that 
of  the  lower  or  cylindrical  third.  With  the  radios 
t  k,  draw  the  quartei[  of  a  cirele  C.  Draw  a  lise 
from  the  narrowest  part  of  the  column,  that  is, 
from  ffj  parallel  to  the  axis  or  middle  line  A  B, 
till  it  cuts  the  quadrant  of  a  circle  C.  Divide 
the  arc  contained  between  t  and  the  point  whara 
ff  cuts  C,  into  four  equal  parts,  as  /,  m,  a,  e,  aid 
divide  the  height  A  k  into  the  same  number  of 
divisions  as  this  arc,  as  1, 2,  3.  From  the  poiaK 
m  draw  a  line  parallel  to  the  axis,  which  win  cat 
the  transverse  line  3  at  v ;  from  n  draw  another  has 
parallel  to  the  axis,  which  will  cut  the  transverse 
line  2  in  v;  in  the  same  manner  draw  a  line  firoBt 
to  the  transverse  line  A  which  it  will  cot  ia  x. 
Now  the  curved  line  of  the  column,  between  t  aad 
fff  must  pass  through  the  points  x^w^v;  therefoit 
at  or  near  all  the  points  from  t  to  ^  inclusive, drive 
in  two  pins  or  nails,  in  such  a  manner  tint  the 
direction  in  which  each  pair  of  nails  stand  shil 
be  the  same  as  the  transverse  lines  of  the  cofam 
Between  each  pair  of  nails,  also,  there  oinst  be 
just  sufficient  space  left  to  admit  a  thin  slipef 
-^  wood,  like  a  lath,  or  some  other  equally  flexible 
substance,  and  care  must  be  taken  to  fix  the  aafli 
in  such  a  position,  that  when  this  slip  of  wood  is  plaeed 
between  them,  either  its  inner  or  its  outer  perpendleular  sa^ 
face  shall  exactly  coincide  with  the  several  points  of  dhaiae- 
tion  t,x,  v,v,5r.  This  being  done,  it  is  easy,  withapeoeQor 
any  marking  instrument  suited  to  the  surface  worked  upoa.  It 
draw  a  line  along  the  slip,  of  wood,  which  line  will  be  the  carve 
of  the  shaft.  The  piece  intended  to  be  used  as  a  dlmlmshof 
rule  may  have  the  curve  made  on  it,  or  transferred  to  it,  si 
may  be  deemed  most  convenient  It  will  also  be  understood, 
that  the  number  of  the  parts  into  which  the  are  It,  aadtbs 
height  A  k  are  divided,  and  which  determine  the  number  of 
diminishing  points  obtained,  may  be  varied  at  pleasure.  Is 
no  case,  however,  can  it  be  considered  advisable  to  make  tteio 
divisions  fewer  than  four,  though  for  lofty  oolumns  they  asy 
be  made  two  or  three  times  that  number,  as  they  oonstitute  S9 
many  checks  upon  the  irregular  or  imperfecl  flexibility  of  Ae 
lath  or  spring  rule.  As  so  much  of  the  beauty  of  a  shall 
depends  upon  t)ie  easy  and  imperceptible  transitioo  from  tho 
cvlindrical  to  the  tapering  part,  it  may  be  adTantogeoas  ts 
1  divide  the  arc  from  t  to  o  into  two  parts,  and  the  divisioa  h  1| 
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maoaioii,  or  struoture  of  any  desoriptioo,  oonsUtiog  of  maajr 
complex  parts,  the  most  oertain  way  to  prevent  mistakes,  is  to 
hav    a  perfect  model  of  the  whole  made  to  a  regular  scale.    In 
order  that  soch  a  model  may  not  mislead  the  judgment  by  pleas 
ing  the  eye,  it  should  be  made  of  plain  wood,  of  one  ooloar« 

Lodges  and  small  houses^  standing  alone,  have  an  agreeable 
appearance  when  of  a  cobical  figure ;  bot  large  mansions  of 
this  shape  look  rather  clumsy ;  an  oblong  is  therefore  commonly 
preferred,  care  being  taken  not  to  make  the  plan  so  long  as  to 
lose  much  room  in  the  passages  which  will  be  required,  and 
which  will  be  difficult  to  light.  When  the  length  of  a  mansion 
does  not  exceed  the  breadth  more  than  one-third,  the  propor- 
tion is  good. 

XI.  Of  Rooms* — The  principal  objects  to  be  regarded  in  the 
arrangement  and  proportions  of  rooms,  are  doubtless  those  of 
coDvcnienoy,  and  their  adaptation  to  health.  Rooms,  the  plan 
of  which  are  rectangular,  give  the  greatest  facility  to  oonveni- 
cnce  of  arrangement,  without  the  disadvantage  of  losing  the 
space  rendered  unav6idable  by  adopting  circular  or  other 
curved  forms  ;  but  with  regard  to  health,  the  height  of  a  room 
should  fit  least  be  ten  or  twelve  feet,  and  this  point  should  be 
regarded  even  in  apartments  too  small  to  render  such  an  ele- 
vation proper  in  an  aroliitectaral  point  of  view.  A  square  is 
an  agreeable  form,  but  is  most  proper  for  rooms  not  exceeding 
a  moderate  size,  as  it  cannot  well,  if  very  large,  be  completely 
lighted  from  one  wall,  and  the  company,  while  ranged  on  eacn 
side,  are  too  far  apart  For  spacious  apartments,  a  reotatigolar 
parallelogram  or  oblong  is  a  more  convenient  figure,  and,  with 
regard  to  beauty,  every  variation  in  the  proportion,  from 
nearly  a  square  to  a  square  and  a  half  or  sesqoilateral,  majr  be 
employed.  If  the  length  of  the  plan  be  extended  materially 
beyond  a  sesqoilateral,  the  apartment  obtains  rather  the 
appearance  of  a  passage  or  gallery,  and  it  becomes  impossible 
to  adjnst  the  height  so  as  to  suit  both  the  length  and  breadth. 
In  square  rooms  of  the  first  story,  the  height  may  be  fh)m  four- 
fifths  to  five-sixths  of  the  breadth  of  the  side ;  and  in  oblong 
rooms,  the  height  may  be  equal  to  the  width.  An  error  in 
favour  of  height;  is  preferable  to  making  a  room  too  low. 

The  height  of  rooms  on  the  second  story  may  be  one-twelfth 
part  less  than  that  of  the  chambers  below :  and  if  there  is  a 
third  story,  divide  the  height  of  the  second  into  twelve  equal 
parts,  of  which  take  nine  for  the  height  of  soch  rooms. 

An  eligible  length  ibr  galleries  is  five  tiroes  their  breadth, 
and  they  should  rarely  exceed  eight  times  their  width  in  length ; 
their  height  may  exceed  their  breadth  in  the  proportion  of  a 
third  or  even  three-fifths,  according  to  their  length. 

As,  however,  in  modern  houses,  all  the  rooms  of  the  same 
story  are  commonly  of  the  same  height,  and  convenience  re- 
quires  them  to  be  of  different  sixes,  according  to  their  use,  it 
folk>ws  that  the  best  proportion  of  the  height  to  the  other 
dimensions,  cannot  always  be  observed,  without  incurring  some 
extraordinary  expense.  Where  expense  is  not  a  hinderanoe, 
the  height  of  die  story  may  be  suited  to  the  principal  rooms, 
and  the  middle-sized  rooms  may  be  reduced  by  covering  the 
ceilings,  with  a  flat  in  the  middle,  or  by  groins  or  domes,  which 
will  add  to  their  beanty,  independently  of  bettering  their  pro* 
portions. 

Precautions  should  be  talgen  to  prevent  the  eflluvia  from  the 
kitchen,  brevboose,  and  other  ofiices,  from  penetrating  to  the 
bed-chambers  and  dining  rooms.  The  most  difficult  object  to 
attain  of  this  description,  is  to  prevent  the  effluvia  of  the 
kitchen  from  annoying  the  dining.poom,  to  which  the  access 
from  it  should  be  as  easy  and  short  as  circumstances  will 
allow,  for  the  convenience  of  the  servants  waiting  at  table. 
In  country  mansions,  which  admit  of  the  greatest  liberty  of 
plan,  and  where  the  kitchens  are  above  ground,  this  may 
generally  be  done  by  such  an  arrangement  of  the  doors  and 
passages  of  communication,  that  no  current  of  air  from  the 
kitchen  can  proceed  directly  towards  the  dining-rooms.  But 
in  town  houses,  where  tlie  kitcben  is  beneath  the  parlour  floor, 
and  therefore  not  only  far  nearer  in  point  of  situation  (though 
not  perhaps  of  access  for  persons)  than  it  is  usually  placed  in 
the  country,  but  on  a  lower  level,  llie  lighter  warm  air,  charged 
with  the  smell  of  the  various  operations  of  cookery,  is  apt  to 
be  felt  above,  from  its  disposkien  to  ascend.  It  may,  bow- 
ever,  be  effectually  removed  by  a  imall  separate  fbnnel,  carried 


op  in  the  staok  with  tlM  rest,  and  next  to  tkal  of  the  kiteheik 
Tiiia  funnel,  to  be  used  for  no  other  purpose^  most  have  its 
throat  or  lower  opening  level  with  the  eeiUnip  of  the  kitchen. 
The  lighter  air,  charged  with  the  vapoora  of  the  oocAing«  viU 
then  pass  off  into  the  external  atmosphere  by  tbia  apertaia, 
instead  of  accumulating  under  the  ceiling  of  the  kiioben,  oatil 
it  forms  a  stratum  as  low  as  the  •  top  of  the  Idtcheo  door,  and 
then  ascending  through  the  house  by  the  stairs  and  passages. 
The  opening  of  this  funnel  or  pipe  may  be  closed  by  a  hilled 
door,  when  no  operation  is  going  on  in  the  kitcben  whisk  eaa 
create  a  disagreeable  smell. 

Every  chamber  in  a  house  should,  if  poaaible,  have  a  fire- 
place, the  place  of  which,  in  those  employed  aa  bed-iooms,  if 
they  are  not  very  spacious,  should  be  aboot  two  feet  or  two 
feet  and  a  half  out  of  the  middle,  to  allow  room  for  the  bed. 
In  apartments  of  twenty  or  twenty-four  feet  a  aide,  this  arrange' 
ment  need  not  be  studied,  as  the  bed  can  without  it  be  plaoDd 
sufficiently  far  from  the  fire. 

XI I.  Chimneys. — That  no  apartment  can  be  eomfortable  which 
is  incommoded  with  smoke,  will  not  be  contradicted  ;  yet  we  fiad 
a  very  general  disregard  of  the  precautions  wbicb  would  seenre 
a  strong  draft  up  the  ohimney.  Masons  and  bricklayers  foUsv 
their  own  fancy  or  judgment,  whioh  are  often  influenced  bf 
their  convenience,  or  by  local '  customs,  with  little  regard  ts 
rational  principle.  It  frequently  happens  that  the  smoking  of 
chimneys  is  occasioned  by  their  being  carried  up  narrower  at 
the  top  than  below,  or  by  their  having  one  or  more  sharp  ang»> 
lar  turns.  When  chimneys  are  constrooted  in  a  pyramidal  m 
tapering  form,  and  are  besides  left  rough  or  unplastered,  with 
stones  or  bricks  proiecting  into  them,  as  well  aa  the  mortw 
pressed  from  the  joints  in  the  wall,  their  smoking  is  alatoit 
certain.  The  air,  rarefied  by  the  fire,  passes  up  a  chiamey 
with  the  smoke;  but  as  it  recedes  from  the  impellinjt  power,  er 
fire,  it  moves  slower,  and  requires  a  greater  portion  of  space 
to  circulate  through;  if  then,  the  upper  part  of  a  chiiiMy, 
instead  of  being  wider  than  below,  be  contracted,  and  if  the 
roughness  of  the  walls  concur  at  the  same  time  to  iacreate  the 
obstruction,  it  is  no  wonder  that  the  smoke,  taking  the  path  of 
least  resistance,  should  find  its  way  into  the  room,  whenever 
assisted  by  a  current  from  above.  If  may  be  urged,  that  s 
chimney  wider  at  the  top  than  below,  allows  the  wind  aHMe 
liberty  to  blow  down ;  but  it  must  be  considered,  that  the  wind 
having  no  adequate  resistance  from  above  to  ovcreome,  masl 
necessarily  return,  and  thus  facilitate  the  free  egress  of  the 
smoke.  On  the  other  hand,  when  a  current  of  air  rnshesdewa 
a  pyramidal  chimney,  it  becomes  confined  or  wedged  in,  and  if 
urged  by  a  constant  wind,  the  rarefied  air  from  tbe  fire  eanaoc 
make  head  against  it,  and  therefore  the  smoke  bursts  into  tbt 
room. 

Experiments,  in  endless  variety,  and  often  at  greut  expense, 
have  been  made  to  prevent  or  cure  smoky  chimneys  ;  we  shal 
notice  some  of  the  most  simple  and  efficient ;  bot  it  wiH  be 
proper  to  explain,  in  the  first  place,  soine  of  the  terms  whid 
are  used  in  speaking  of  chimneys.  The  aperture  from  a  chia- 
ncy  into  the  room,  is  called  the  lire-p2ac«.  The  projeetiaf 
parts  of  the  wall,  on  the  right  and  left  of  the  fire-place,  are 
caUed  jmnbs.  The  head  of  the  fire-place  resting  upon  tbt 
jambs,  is  called  the  numtle.  The  mantle,  and  the  whole  sidi 
of  the  chimney  above  it  up  to  the  top,  are  called  the  lr«si^ 
The  side  of  tlie  chimney,  called  the  breast,  being  pointed  oat 
tlie  application  of  the  term  Imek,  to  the  opposite  side,  explsisi 
itself.  The  sides  of  the  fire-place  contained  between  the  jasiki 
and  the  back  are  called  eovta^i.  The  throat  is  that  part  ef 
the  opening  immediately  above  the  fire,  and  contained  betweei 
the  mantle  and  the  back. 

When  chimneys  are  bounded  on  the  fop  by  a  sigsag  lisei 
so  as  to  resemble  the  teeth  of  a  saw,  they  are  found  to  bs 
far  less  liable  to  smoke  than  those  in  other  respects  nadff 
the  same  circumstances ;  and  in  a  great  variety  of  cases,  lbs 
cheap  and  easy  expedient  of  altering  tbe  tops  of  amoky  cbaa- 
neys  to  this  form,  has  been  attended  with  complete  secoess. 
The  partitions  in  a  stack  shoolU  be  indented  aa  well  as  the  dat* 
side  wall. 

The  fire-place  is  generally- an  exact  square.  Its  height,  ia 
large  rooms,  is  often  very  properly  made  less  than  a  square, 
and  in  small  rooms,  particularly  when  tbe  chioMiey  is  hi  t 
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the  bricks  and  pipe  should  be  filled  with  earth,  or,  what 
^rt'oold  be  still  better,  rabbishand  liqaid  cement.  A  bevel 
joint,  a,  in  thefig'are,  might  be  made  to  the  pipe,  to  fit  so 
closely  that  no  creyice  would  be  left  to  lodga  soot,  when 
the  cement  sorroanded  the  exterior. 

If  one,  or  indeed  all  the  chimneys  in  a  stack,  constructed 
upon  this  plan,  were  to  get  on  fire,  it  would  be  of  little  conse- 
quence, as  the  heat  coald  never  be  so  great  as  to  act  through 
the  pipe  and  such  a  solid  mass  as  the  stack  would  be.  The 
soot  would  not  lodge  in  such  chimneys  as  in  the  common 
ones,  for  in  a  round  cliimney  the  draft  would  clear  more  smoke 
out  of  the  chimney  before  it  was  condensed;  and  when  they 
required  cleaning,  Smart's  apparatus  would  sweep  them  com- 
pletely.— When  a  house  with  ordinary  chimneys  is  burnt,  the 
stack  usually  falls  down,  tearing  the  walls,  and  rendering  it 
necessary  to  rebuild  them;  but  if  a  house  with  an  iron-pipe 
stack  was  burned,  it  would  not  only  in  all  probability  stand, 
bot*act  BS  a  buttress  to  sustain  the  walls :  or,  in  case  it  fell, 
the  greater  part  of  the  pipe  would  remain  as  fit  for  use  as  at 
first.  Although  it  may  be  least  trouble  'generally  to  leave  the 
breadth  of  half  a  brick  round  the  pipe,  yet,  in  small  buildings, 
and  in  cases  where  room  is  wanted,  a  flat  brick  would,  there  is 
no  doubt,  be  quite  sufficient  for  all  purposes  of  safety.  In  all 
cases,  too,  where  iron  pipe  may  be  used,  the  labour  of  plaster- 
ing chimneys  will  be  saVed,  which,  though  in  many  places 
omitted,  is  done  to  all  well-built  houses. 

The  saving  of  room  which  would  be  produced  by  the  use  of 
iron-pipe,  in  a  stack  of  four  eight-inch  chimneys,  will  be  im- 
mediately seen  by  the  inspection  of  fig.  1 ;  and  fig.  2  exempli- 
fies the  same  thing  with  respect  to  a  stack  with  five  chimneys. 

Fig.  1. 
Zft.  9tfi.  4/^.  lOJ  la. 


PnfftctioH  nUo  tht  Room,  four  tmd     Prtjutian  into  tke  Room,  nint  inc/ns, 
m  hmffim.  if  on*  wU  m  ktffinrick  wmll,  if  mu  mud  m  hmlf  IriekjKmU. 


\fU  6  in. 


Fig.  2. 


6/r. 


Pro^tetien'fattr  tmd  a  half  inch 
if  on*  CM  «  hatf  brick  waU. 


inektt. 


Pr^oction  mitt  and  a  half  inehu, 
ifm*  amd  a  ha(f  hrich  vaU, 
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If  nine  inches  be  allowed  for  the  exterior  diameter  of  the  pipe, 
(and  such  an  allowance  will  be  enough  for  all  contingencies,) 
it  may  be  carried  up,  in  all  walls  exceeding  two  bricks  thick, 
without  any  projection  into  the  apartments.  In  the  corners  of 
a  two  brick,  or  even  a  one  and  a  half  brick  wall,  there  is  suffi- 
cient room  to  carry  up  such  a  chimney,  which  would  rather  in- 
crease than  diminish  the  strength  of  the  wall,  since  nearly  one- 
half  of  the  space  taken  up  by  chimneys  in  the  common  way  will  be 
saved,  under  circumstances  the  most  unfavourable  to  shewing 
the  advantages  of  the  new  plan ;  for  the  diameter  of  the  pipes 
is  reckoned  at  the  largest  that  can  be  required ;  and  the  brick- 
work surrounding  the  square  chimneys,  at  the  thinnest  it  can 
with  any  propriety  be  made. 

The  expense  of  round  work,  either  in  brick  or  stotae,  is  pro- 
bably the  principal  reason  that  round  chimneys  are  not  in 
general  use,  thongh  '^he  advantages  of  them,  particularly  in 
being  free  from  the  currents  or  eddies  of  air  occasioned  by 
square  chimneys,  are  not  unknown  to  intelligent  builders. 

Oval  flues  might  be  recommended  as  perhaps  superior  to  the 
circular  ones  ;  for  there  ^re  many  situations  in  which  they  might 
be  carried  up  advantageously  with  the  conjugate  diameter  of  the 
ellipse  running  parallel  with  the  gable  of  the  house,  or  the  reverse. 

Iron  pipe,  it  is  well  known,  answers  perfectly  well  for  stoves, 
and  the  portable  furnaces  of  chemists,  although  the  area  of  it 
i§  seldom  more  than  half  that  of  the  Are,  and  the  quantity  of 
air  required  to  maintain  the  vehement  heat  which  can  be  exci- 
ted at  pleasure,  occasions  a  much  greater  draft  than  that  of 
ordinary  doaMtfc  flres  of  twice  the  sice.    Hence  the  above 


plan  only  proposes  to  extend  the  use  of  a  kind  of  chinaey,  tho 
adequateness  of  which  is  already  proved. 

XIII.  Doors, — The  ancients,  according  to  VitmviiiS,  fre- 
quently made  their  doors  rather  narrower  in  breadth  at  the  top 
than  at  the  bottom.  These  trapezoidal  doors  were  probably 
adopted  from  their  having  the  property  of  closing  themselves, 
and  in  modern  times  they  are  useful  besides  as  the  simplefl 
mode  of  raising  the  door,  in  the  act  of  opening,  above  tlie  floor, 
in  order  to  keep  it  clear  of  the  carpet  There  are  examples  of 
them  in  the  Bank  of  England ;  but  they  are  not  often  iotro- 
duced  by  architects. 

Doors  are  varied  in  their  dimensions  aocording  to  the  height 
of  the  story  and  the  magnitude  of  the  building  in  which  they 
are  placed.  In  private  houses,  they  can  rarely  with  propriety 
be  made  wider  than  four  feet,  and  in  general  three  feet  will  he 
sufficient.  For  small  doors,  when  the  height  is  to  the  breadth 
in  the  ratio  of  seven  to  three,  the  proportion  may^  be  eon- 
sidered  good  ;  but  the  height  of  large  doors  need  not  be  more 
than  double  their  breadth.  The  entrance  doors  of  palaces  and 
the  mansions  of  noblemen,  where  much  company  resort  are 
often  made  from  four  to  six  feet  wide ;  and  those  of  pabhe 
edifices  may  be  from  six  to  ten  feet  wide.  Doors  much  ex- 
ceeding three  feet  in  width,  should  have  folding  leaves.  lo 
modem  houses,  it  is  not  uncommon  to  have  large  foldiog 
doors,  the  opening  of  which  serves,  instead  of  removing  a 
whole  partition,  to  throw  two  rooms  into  one.  In  auob  cases, 
the  width  of  the  aperture  will  generally  be  of  less  height  thai 
twice  its  breadth,  as  all  the  doors  of  the  same  story  are  coai- 
monly  of  the  same  height. 

When  the  principal  door  of  entrance  is  in  the  middle,  its 
communication  with  every  part  of  the  building  is  not  only  tlie 
most  readily  effected,  but  it  contributes  so  much  to  the  synh 
metry  of  the  front,  that  when  the  plan  renders  socb  a  positioB 
inadmissible,  a  blank  door  is  frequently  substituted  for  a  real 
one,  which  is  then  made  in  the  most  convenient  place.  The 
entrance  doors  of  stately  houses  are  frequently  adorned  with 
porticoes,  in  the  Grecian  or  Roman  taste ;  but  the  most  oeoh 
mon  mode  of  adorning  entrance  doors,  is  to  sorroond  thee 
with  an  architrave,  surmounted  with  a  cornice,  or  with  a  friem 
and  cornice  forming  a  complete  entablature.  These  decora- 
tions are  made  of  atone,  wherever  a  suitable  kind  can  be  had 
at  a  reasonable  price. 

XIY.  Windows. — In  determining  the  number  and  sise  of 
windows,  regard  mast  be  paid  to  the  destination,  local  posi- 
tion, and  elevation  of  the  building,  as  well  as  to  the  oobatore 
and  height  of  the  story  in  the  rooms  to  be  lighted,  and  the 
thickness  of  the  walls.  With  respect  to  private  hoases,  tboagk 
considerable  latitude  may  be  allowed  in  the  determinatioB  of 
this  subject,  still  there  are  limits  which  cannot  be  disregarded 
without  losing  the  beauty  of  proportion,  and  the  coDTenieBee 
of  a  due  quantity  of  light.  In  general,  the  piers  should  not  be 
of  less  breadth  than  the  apertures,  nor  more  than  twice  sadi 
breadth.  The  windows,  in  all  the  stories  of  the  same  aspect, 
should  be  of  the  same  breadth,  unless  a  variation  be  reouired 
from  this  rule  for  the  convenience  of  particular  ofllces  in  the 
lowest  story.  The  laws  of  symmetry  and  strength  alike  re- 
quire them  to  be  exactly  one  above  another ;  this  practice,  lO 
strangely  neglected  by  our  ancestors,  is  now,  indeed,  daly 
attended  to.  The  apertures  of  windows  should  widen  inwards 
on  each  side,  by  which  means  the  quantity  of  light  admitted 
will  be  nearly  as  much  as  if  they  were  externally  of  the  sasM 
size  as  the  increased  internal  dimensions. 

To  determine  the  aggregate  area  of  the  windows  proper  to 
be  made  in  an  apartment,  extract  the  square  root  of  tiie  eaha> 
ture  of  such  apartment,  and  the  quotient  vrill  be  the  answer. 
For  example,  suppose  the  room  to  be  forty  feet  long,  fldf^ 
feet  broad,  and  sixteen  feet  high,  then  40  x  30  x  16  =  18900i 
which  product  is,  in  feet,  the  cubature  sought,  and  the  square 
root  of  it,  neglecting  a  small  remainder,  is  one  hundred  ud 
thirty' eight  feet  for  the  aggregate  area  of  the  apertures.  One 
hundred  and  thirty-eight  feet  will  make  four  windows  of  a 
handsome  size  and  shape,  adapted  to  the  apartment  ia  qrns- 
tibn ;  and  if  divided  accordingly  into  four  part8«  thirty-four  fiNi 
and  a  half  will  be  the  area  of  one  of  them.  The  area  thus  ob- 
tained, when  set  out  for  a  ground  floor,  according  to  the  cus- 
tomary rule,  which  allows  rather  more  than  two  aquares  ia 
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its  surface ;  for  it  was  the  quantity  which  had  been  imbibed  by 
the  slate,  the  surface  of  which  was  equal  to  that  of  the  tile.  The 
tile  was  left  to  dry  in  a  room  heated  to  sixty  degrees,  and  it 
did  not  lose  all  the  water  it  had  imbibed  in  less  than  six  days. 
If,  then,  tiles  imbibe  a  seventh  part  of  their  weight  of  water  in 
ten  minutes,  and  cannot  be  deprived  of  this  water  withoat  a 
degree  of  heat  equal  to  sixty  degrees  continued  for  six  days,  it 
must  be  obvious  that  a  roof  covered  with  them,  can,  in  this 
country,  seldom  be, dry.  The  timbers  also  of  the  roof  must  be 
calculated  to  support  their  weight  in  their  wet  state. 

The  finest  sort  of  blue  slate,  which  is  obtained  in  the  neigh- 
bourhood of  Kendal,  is  sold  there  for  3s.  6d.  per  load,  which 
comes  to  £1.  15s.  per  ton,  the  load  weighing  two  hundred 
weight.  The  coarsest  sort  may  be  had  for  2s.  ^.  per  load,  or 
£1.  35.  4d.  per  ton.  Thirteen  loads  of  the  finest  sort  will  cover 
forty-two  square  yards  of  roof,  and  eighteen  loads  of  the 
coarsest  sort  will  cover  the  same  extent.  Hence  there  is  half 
a  ton  less  weight  upon  forty-two  square  yards  of  roof  when  the 
finest  slate  is  used,  than  when  it  is  covered  with  the  coarsest 
kind,  and  the  difference  in  the  expense  of  the  material  is  only 
3s.  6d. ;  yet  as  fine  slate  owes  its  lightness,  not  so  much  to  a 
difference  in  the  quality  of  the  stone  from  which  it  is  split,  as 
to  the  thinness  to  which  it  is  reduced,  it  is  inferior  to  the 
heavier  kind  in  point  of  durability. 

The  following  statement  shews  the  average  weight  of  the 
covering  laid  upon  forty-two  square  yards  of  building,  accord- 
ing to  the  material  employed  — 

Copper 4avt, 

Fine  slate 26 

Lead 27 

Such  are  the  advantages  of  slate  as  a  covering,  that  wherever 
it  can  be  procured  without  much  land  carriage,  it  obtains  the 
preference  of  all  other  materials.  Its  durability  is  so  great, 
that  it  has  been  known  to  continue  sound  and  good  for  cen- 
turies ;  but  ail  kinds  of  it  are  not  equally  excellent  in  this 
respect.  Its  most  usual  colours  are  white,  brown,  and  blue, 
and  the  colour  affords  some  index  to  the  quality  of  the  slate. 
The  light  blue  sort  is  always  the  least  penetrable  to  water, 
which  the  deep  black  bine  is  apt  to  imbibe  rather  freely. 
Several  methods  may  be  practised  to  ascertain  the  goodness  of 
slate,  when  not  brought  from  a  quarry  of  well-known  character. 
If  a  slate,  when  struck  sharply  against  a  large  stone,  produce  a 
complete  sound,  it  is  a  mark  of  goodness;  and  if  it  does  not 
shatter  before  the  edge  of  the  zax,  or  instrument  used  for  hew- 
ing it,  the  criterion  is  decisive.  Another  method  is,  to  place 
the  slate  lengthwise  and  perpendicularly  in  a  tub  of  water, 
about  half  a  foot  deep,  care  being  taken  that  the  nniromersed 
part  of  the  slate  be  not  in  any  way  accidentally  wetted.  Let 
it  remain  in  this  state  twenty 'four  hours :  at  the  end  of  that 
time,  if  the  slate  be  good,  it  will  not  have  drawn  water  more 
than  half  an  inch  above  the  surface  of  that  fluid,  and  that  per- 
haps at  the  edges  only,  where  the  texture  has  been  a  little 
loosened  in  the  hewing;  but  a  spongy  defective  stone  will 
draw  water  to  the  very  top.  Another  mode  of  trial,  on  the 
result  of  which  full  reliance  may  be  placed,  is  to  weigh  two  or 
three  of  the  most  suspected  slates,  and  note  their  precise 
weight ;  then  immerse  them  entirely  in  water  for  twelve  hours : 
take  them  out,  wipe  them  as  clean  as  possible  with  aijinen 
cloth,  and  if  their  weight  differs  not,  or  differs  but  very  little 
from  what  it  was  at  first,  they  may  be  considered  good;  a 
drachm  in  a  doien  pounds  is  allowable,  but  not  more.  The 
principal  reason  of  the  inferiority  of  the  slates  which  imbibe 
much  moisture,  being  that  they  are  shivered  by  f^ost ;  when 
none  but  a  porous  kind  can  be  easily  obtained,  they  might 
doubtless  be  improved  by  the  application  of  tar,  as  already 
mentioned  for  tiles,  when  treating  of  the  manufacture  of  the 
latter  article. 

Among  the  artificial  methods  that  have  been  invented  for 
covering  houses,  a  composition  called  tessera  was  a  few  years 
since  in  high  repute.  It  consisted  of  tar,  calcareous  stone 
reduced  to  dust,  and  a  little  powder  of  burnt  bones.  These 
ingredients,  duly  mixed,  were  spread  into  sheets  made  equally 
thick,  about  four  feet  long  and  two  feet  wide,  by  passing  under 
rollers ;  and  when  laid  on  the  boarding  of  the  roof,  which  might 
be  eidier  flat  or  angular,  the  sheets  were  cemented  by  a  solder 
of  the  same  naterialt. 


When  this  composition  first  gained  public  attentioa,  ff 
was  thought  to  be  of  incalculable  value.  It  was  said  to  be 
lighter  than  lead,  to  be  considerably  cheaper,  to  equal  it  ia 
point  of  durability,  and  though  apparently  combustible,  ta  be 
capable  of  resisting  the  effects  of  heat  about  twice  as  long  as 
lead. 

To  secure  the  advantages  of  this  important  diseovery,  a 
patent  was  taken  out  by  the  idventor,  December  2ad,  isbfl, 
and  agents  were  appointed  throughout  varioos  parts  of  the 
kingdom.  The  confldence  of  builders  was  soon  gained,  and 
many  houses  were  covered  with  this  promising  compoaod. 

Experiment,  however,  which  is  the  best  test  of  ex«*r!leiiee, 
soon  detected  the  fallacy  of  theory,  and  those  who  bad  pb:. 
ehased  tessera  speedily  found  that  they  had  laid  out  ^eir 
money  in  bujring  a  stock  of  repentance.  It  vras  shortly  per- 
ceived, that  it  could  not  withstaiid  the  corroding  influence  of 
the  seasons,  that  it  would  alternately  swell  and  crack  accord- 
ing to  the  temperature  of  the  weather,  and  thus  readily  adaut 
the  rain,  which  it  was  expected  to  exclude.  Having  thus  lost 
its  character,  it  soon  fell  into  disuse.  Many  houses  that  bad 
been  covered  with  it,  were  forced  to  be  stripped,  and  to  receive 
the  old  but  partially  discarded  materials ;  and  tessera  having 
lived  its  day,  is  now  known  only  in  name. 

XYII.  Fhors.^-Flooring  boards  are  mostly  made  of  fir.  The 
first  class  are  selected  free  from  knots,  sbaikes,  sap-wood,  or 
cross-grained  stuff:  the  second  class  consists  of  boards  also 
free  from  shakes  and  sap-wood,  but  not  from  small  sound 
knots ;  the  third  class  contains  the  residue  of  any  parcel,  or 
such  boards  as  cannot  be  included  in  either  of  the  preceding 
classes.  When  an  agreement  is  entered  into  for  the  erection 
of  a  building,  the  quality  of  the  boards  shoald  be  specified,  to 
prevent  subsequent  disputes.  As  all  boards  shrink  in  the 
course  of  time,  and  as  the  quantity  of  their  contraction  increases 
with  their  dimensions,  floors  which  are  laid  with  very  broad 
boards  soon  exhibit,  at  the  joints,  wide  fissures  that  have  an 
anpleasant  appearance.  It  is  therefore  the  practice  in  good 
houses,  not  only  to  select  the  best  part  of  the  wood,  but  to  cot 
the  boards  into  narrow  scantlings ;  so  that,  if  properly  sea- 
soned, and  laid  close  at  first,  their  shrinking  afterwards  is  so 
small  as  to  make  no  openings  of  consequence.  Boards  about  f  ve 
inches  broad  may  be  reckoned  narrow,  but  when  they  measure 
nine  inches  or  more  in  the  same  direction,  they  must  be  cob« 
sidered  broad. 

The  manner  of  jointing  flooring  boards,  and  fastening  then 
down  upon  the  joists,  is  performed  in  a  variety  of  ways,  the 
most  usual  of  which  is,  to  plane  the  edges  of  the  board  quite 
square,  that  is,  at  right  angles  to  the  upper  and  under  surface, 
and  then,  placing  them  as  closely  to  each  other  as  possible, 
to  nail  them  down  from  the  upper  surface.  Sometimes,  par- 
ticularly when  the  wood  is  known  to  be  insufficiently  sea- 
soned, after  the  first  board  has  been  fastened  down,  the 
fourth  board  is  secured  in  like  manner,  the  two  intermediate 
boards  are  then  made  somewhat  wider  than  the  space  to 
receive  them,  and  forced  into  their  places  by  jumping  upon  thcsL 
To  do  this  with  the  most  ease  and  advantage,  the  intermediate 
boards  are  laid  aslant,  so  as  to  be  highest  in  the  middle,  aad 
those  edges  which  are  placed  together  being  sloped  a  Kttle, 
so  as  to  form  rather  less  than  a  right  angle  with  their  respee- 
tive  upper  surfaces,  they  are,  by  an  adequate  weight,  at  onee 
compressed  and  levelled.  The  fourth  board  of  the  last  series 
becomes  the  first  of  the  next,  and  the  operation,  which  is 
called  folding  the  boards,  is  repeated  till  the  floor  is  finished. 
The  nails  are  driven  in  a  little  below  the  surface  of  these 
boards,  and  the  cavity  is  filled  with  glasier's  putty.  Bat  ii 
rooms  not  intended  to  be  carpeted,  and  yet  where  a  neat  and 
clean  appearance  is  indispensable,  the  use  of  putty  must  be 
avoided,  end  the  nails  must  not  be  driven  in  from  the  top 
This  object  is  obtained  by  dowelling  the  joints,  that  is,  driviof 
wooden  pins  into  them  in  the  middle  of  their  thickness,  and 
parallel  to  the  surface,  in  the  same  manner  as  the  ooopers  joiat 
tiie  boards  forming  the  ends  of  their  casks.  In  this  case,  oae 
half  of  each  pin  entering  the  edges  placed  together,  the  boards, 
if  the  dowels  be  sufficiently  numerous  and  properly  placed, 
cannot  Ase  or  sink  but  in  conjunction.  The  best  place  for  the 
dowels  is  in  the  middle  of  the  space  between  the  joists.  lathe 
best  dowelled  work,  the  nails  are  concealed  when  the  floor  is 
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has  to  bear,  will  sw«|p ;.  and  anlesa  prepared  in  this  manner, 
that  it  may  never  become  concave,  a  degree  of  onaightliBeM^ 
and  often  of  inconvenience,  will  be  produced. 

The  joists  in  floors,  the  purlines,  (or  timbers  into  which  the 
small  rafters  are  tenoned  in  roofs.)  &c»shonld  not  exceed  twelve 
feet  in  the  length  of  their  bearing,  or  from  support  to  support. 
The  strong  joists  of  floors  /should  not  be  at  a  greater  distance 
than  five  feet,  nor  common  joists  more  than  ten  or  twelve 
inches  apart 

According  to  the  experiments  of  Muschenbroek,  fir  is  able 
to  bear  compression  in  the  direction  of  the  length  of  its  fibres, 
or  to  sustain  as  a  post,  a  much  greater  weight  than  oak,  but  is 
far  inferior  to  oak  when  tlio  weight  is  suspended.  In  the  pre- 
ceding tables,  therefore,  the  scantlings  of  fir  bearing  posts 
and  principal  rafters  are  properly  made  lett  than  those  of  oak  ; 
but  for  other  timbers,  particularly  for  ties^  many  are  of  opinion 
that  the  proportions  of  the  author's  tables  should  be  reversed, 
and  the  scautling  which  he  has  assigned  to  fir  should  be  given 
to  oak. 

XFX.  Building  Act,— All  the  buildings  erected  in  London 
and  the  several  parishes  within  the  bills  of  mortality,  are  sub- 
jected to  the  regulations  of  an  act  of  parliament,  of  the  14 
Geo.  III.  the  main  object  of  which  is  to  lessen  the  danger  to  be 
apprehended  from  fire.  As  many  of  the  provisions  of  this  act 
are  of  great  importance,  and  deserve  to  be  universally  known 
aind  acted  upon,  we  shall  conclude  the  subject  of  BaUding  by 
an  abstract  of  them.  Those  which  relate  to  the  Carpenter  are 
the  following : 

Timber  partitions  between  building  and  bailding,  erected  or 
erecting  before  the  passing  of  the  act,  may  remain  tiff  one  of 
the  adjoining  houses  is  rebuilt,  or  till  one  of  the  Aronts,  or  two- 
thirds  of  the  fronts  which  abut  on  soch  timber  partition,  is 
taken  down  to  the  bressummer,  or  one  pair  of  stairs  floor,  and 
rebuilt. 

Three  months'  notice  of  the  polling  down  of  such  wooden 
partition,  when  decayed  or  of  insufficient  thickness,  to  be 
giveh  by  the  proprietor  to  the  owner  or  occapier  of  such  a 
bouse,  and  if  the  house  be  empty,  such  notice  to  be  stuck  up 
on  the  front  or  front  door  of  it. 

No  timber  hereafter  to  be  laid  in  any  party  arch,  or  party 
wan,  except  for  bond  to  the  same ;  nor  any  bond  timber  within 
nine  inches  of  the  opening  of  a  chimney,  nor  within  ^se  inches 
of  the  flue ;  nor  any  timber  within  two  feet  of  any  oven,  store, 
oopper,  still,  boiler,  or  furnace. 

The  wood  work  of  chimney  breasts  to  be  fastened  to  the 
said  breast  with  iron  wall  hooks,  spikes,  nails*  or  holdfasts, 
which  must  not  be  driven  more  than  three  inches  into  the  wall, 
or  nearer  than  foar  inches  to  the  inside  of  the  opening  of  the- 
chimney. 

No  timber  bearer  to  wooden  stairs  let  into  an  bid  party  wall, 
nauat;come  nearer  than  eight  inches  and  a  half  to  the  flue,  nor 
nearer  than  four  inches  to  the  internal  finishing  of  the  adjoin- 
ing building. 

No  timber  to  be  laid  ander  any  hearth  to  a  chimney*  nearer 
than  eighteen  inches  to  the  apper  suffice  of  such  hearth. 

No  timber  mnst  be  laid  nearer  than  eighteen  inches  to  any 
door  of  eommonication  through  the  party  walls  of  warehouses 
and  stables. 

Br^siommers,  story  posts^  and  plates  thereto,  are  only  per- 
mitted in  the  ground  story,  and  may  stand  even  with  the  out- 
side of  the  wall,  but  must  go  no  deeper  than  two  inches  into  a 
party  wall,  nor  nearer  than  seven  inches  to  the  centre  of  a 
party  wall,  when  it  is  two  bricks  thiok,  nor  nearer  ^an  four 
inches  and  a  half,  provided  the  party  wall  does  not  exceed  one 
brick  and  a  half  in  thickness. 

Every  corner  story  post  must  be  of  oak,  and  at  least  twelve 
inches  square,  when  employed  for  the  sapport  of  two  fronts. 

Window  frames  and  door  frames  to  the  first,  second,  third, 
and  fourth  rate  classes,  are  to  be  recessed  in  reveals,  foor 
inches  at  least. 

Door-cases  and  doi»v)i  tc^wareboates  only  of  the  first,  second, 
third,  or  fodrth  rale  classes,  may  beevea  With  the  ontward  face 
of  the  wall. 

No  external  decoration  to  be  of  weed,  exeept  eomices  or 
dressings  to  shop  windows ;  frontiepieees  to  door-waya  of  the 
second,  third,  and  fourth  rale  elassee^  awl  covered  wajre  or  per** 


ticoet  te  boildioga;  but  not  to  prqjeot  beyond  tlie  oHgiaal  Koe 
of  the  house  in  any  street  or  way.  Such  covered  way  or  por<t 
tico  not  to  be  covered  with  wood ;  nor  saeh  cornice,  covered 
way,  or  roof  of  the  portico,  to  be  higher  than  the  onder  side  of 
the  sill  to  the  windows  of  the  one  pair  of  stairs  floor.  No  fiat 
gutter  or  roof,  nor  any  turret,  dormer,  or  lantern  light,  or  ethtr 
erection  placed  on  the  flat  of  the  roof  belonging  to  the  first, 
second,  third,  fourth,  and  fifth  rate  classes,  to  be  of  wood. 

No  wooden  water  tanks' must  be  higher  frona  the  ground  Ihaa 
the  tops  of  the  windows  of  the  ground  story. 

Those  provisions  of  the  act  which  relate  to  the  Bricklayer 
are  the  most  numerous.  Every  master  bricklayer  must  give 
twenty-four  hours'  notiee  to  the  surveyor  of  the  distiict,  coa- 
cerning  the  building  to  be  altered  or  erected  ;  bot  if  the  build- 
ing is  to  be  piled  or  planked,  or  begun  wi^Jt  wood,  it  beeonet 
the  business  of  the  carpenter  to  give  such  notice. 

The  footings  of  the  walls  are  to  have  equal  prejeetions  oa 
each  side ;  but  where  any  adjoining  building  will  not  admit  of 
such  projections  to  be  made  on  the  side  adjoining  to  sacji 
building,  this  direction  to  be  complied  with  as  neariy  u 
possible. 

The  timbers  in  each  rate,  as  girders,  beanis,  trimming  jof9ti, 
&c.  may  have  as  nrach  bearing  as  the  nature  of  the  wall  will 
admit,  provided  four  inches  be  left  between  the  ends  of  such 
timber  and  the  external  surface  of  the  wall. 

XX.  External  Walls. — Every  front,  side,  or  end  waM,  not 
being  a  party  wall,  is  called  an  external  wall. 

External  walls,  and  other  external  enclosures  to  the  first, 
second,  third,  fourth,  and  fifth  rates  of  baildln^^  mast  be  of 
brick,  stone,  artificial  stone,  lead,  copper,  tin,  slate,  tile,  or 
iron ;  or  of  some  or  all  of  these  materials  in  coDJnnction,  ex- 
cept the  planking,  piling,  8cc.  for  the  foundatiod,  which  maybe 
of  wood. 

If  any  part  to  an  external  wall  of  the  first  and  second  rate  is 
built  wholly  of  stone,  it  is  not  to  be  less  in  thickness  than  as 
follows :  first  rate,  fourteen  inches  below  the  groand  floor,  aine 
inches  above  the  ground  iloor ;  second  rate,  nine  inebes  above 
the  ground  floor. 

Where  a  recess  is  meant  to  be  made  In  an  external  wall,  it 
must  be  arched  over,  in  such  a  manner,  that  the  arch  and  tbe 
back  of  such  recess  shall  respectively  be  of  the  thickness  of 
one  brick  in  length  ;  hence  no  walls  are  allowed  to  be  recessed 
which  are  not  mord  than  one  brick  in  thickness. 

No  external  wall  to  the  first,  second,  third,  and  fourth  rate, 
is  ever  to  become  a  party^wall,  unless  the  same  phall  be  of  tbe 
height  and  thickness  above  the  footing,  as  is  required  lor  eack 
party-wall  to  its  respective  rate. 

XXI.  Parf^-TFa/ff.— Buildings  of  the  first,  seeoad,  third, 
and  fourth  rate,  which  are  not  yet  designed  by  the  evner 
thereof  to  have  separate  and  distinct  side  walls,  on  such  pirts 
as  may  be  contiguous  to  other  buildings,  most  have  partj- 
walls  ;  and  they  are  to  be  placed  half  and  half  on  the  gnmsd 
of  each  owner,  or  of  each  building  respectively,  and  may  be 
built  thereon,  without  any  notice  being  given  to  the  owner  of 
the  other  part,  the  first  builder  having  a  right  so  to  do,  wbea 
building  against  vacant  ground. 

Party-walls,  chimneys,  and  chimney  shafts  hereafter  to  be 
built,  must  be  of  good  sound  brick  or  stone,  or  of  soaod 
bricks  and  stone  together,  and  must  be  coped  with  stoo^  tile, 
or  brick. 

Party -walls,  or  additions  thereto,  must  be  carried  upthirteea 
Inches  above  thg  roof,  measuring  at  right  angles  with  the  back 
of  the  rafter,  anu  twelve  inches  above  the  gutter  of  the  hi|lMft 
building  which  gables  against  it ;  but  where  the  heip^  of  t 
party-wall  so  carried  up,  exceeds  the  height  of  the  Meekiai 
course  or  parapet,  it  may  be  made  less  than  one  foot  above  tbe 
gutter,  for  the  distance  of  two  feet  six  inches  from  the  friot  of 
tiie  blocking  course  or  parapet. 

Where  dormers  (the  term  for  windows  in  roofii,  difl'eriaf 
ft'om  sky-lights  by  their  being  vertical)  or  other  erections  are 
fixed  In  any  flat  or  roof,  within  four  feet  of  any  party-walL 
sach  party-wall  is  to  be  carried  up  against  such  dormer,  and 
mnst  extend  at  least  two  feet  wider,  and  to  the  fall  hei|^  of 
erery  such  dormer  or  erection. 

No  recess  is  to  be  hereafter  made  In  any  party-wall  of  tbt 
flrst,  teeond,  third,  and  fourth  rate,  exeept  lor  eMmaay  flees, 
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HOUSED,  Kt  le*,  expresiei  the  sitnation  of  the  great  gana 
npon  die  middle  nnd  lower  decks  when  tlisj  are  ma  in,  and 
(he  breech  boiag  let  down,  the  muule  rcati  agaiiut  the  side 
above  the  port :  ihej  are  then  aecared  bj  (heir  tacJdes,  mos- 
sle  laahes,  and  breechings. 

HOVERING,  iD  Law.  Ships  of  Gftj  tons,  ladeo  with  <ni»- 
tomable  or  prohibited  goods,  havering  on  the  coaita  of  this 
kingdom,  within  the  Jimlts  of  any  port  (nnd  not  proceeding 
from  foreign  puis)  must  take  a  security  in  inch  sum  of  money 
to  the  amount  of  treble  the  v aloe  of  such  foreign  goods  then  on 
board,  that  inch  ship  (hall  proceed,  as  soon  as  wind  and  wea- 
ther, and  the  condition  of  die  ship,  will  permit,  on  her  voyage 
to  foreign  parts. 

HUE  and  (JRT,  ii  the  ancient  common  law  process  after 
felons,  and  such  as  have  dangerously  wounded  any  person,  or 
assaulted  any  one  with  intent  to  rob  him.  For  the  levying  of 
bue  and  cry,  although  it  is  a  good  course  to  have  a  justice's 
warrant,  vfhere  time  will  permit,  in  order  to  prevent  cauielest 
hue  and  cry ;  yet  it  is  net  necessary,  nor  always  convenient ; 
for  tbe  felon  may  escape  before  the  warrant  be  obtained. 

HUER,  or  HvER,  the  Icelandic  name  for  streams  of  heated 
water,  which  are  forced  with  great  violence  through  apertures 
in  tbe  earth,  b;  internal  causes,  to  a  great  height,  in  that 

HUGUENOTS,  a  term  of  contempt,  first  given  to  tbe  French 
protestants,  in  ihe  year  1560.  This  term  probably  owes  its 
origin  to  an  erroneous  pronunciation  of  the  German  word  Bid- 
geoossen,  which  signifies  tvwnt-fellowt.  This  had  been  tbe 
name  of  that  part  of  the  Genevans  who  entered  into  an  alliance 
with  Ihe  Swiss  cantons,  in  order  to  maintain  their  liberties 
against  the  Duke  of  Savoy.  Tbe  name  is  also  said  to  have 
been  derived  from  B  gate  of  Ihe  city  in  which  they  Erst 
atsembled. 

HUMANITIES,  in  the  plural,  signify  grammar,  rhetoric, 
and  poetry,  known  by  the  name  of  litera  luaiMnurre*. 
HUMIDITY.     See  HveaoMETBR. 

HUMULUS,  in  Botany,  a  genua  of  the  dioecia  peotandria 
class  and  order,  There  is  but  one  species,  viz.  H.  lupolos, 
£fatw,  whioh  see. 

HUNDRED,  a  number  equal  to  10  limes  10,  denoted  by  the 
Roman  letter  C,  and  written  thos,  100.  Hundred  meight,  a 
measure  of  weight  equal  to  llZlbs.  aad  commonly  denoted  by 
the  contraction  act. 

Hundred.  Hundreds  are  not  answerable  to  persons  robbed, 
travelling  on  a  Sunday  :  but  are  liable  to  penalty  on  expor- 
tation of  wool ;  to  damages  soslained  by  pulling  down  build- 
ings, killing  cattle,  cutting  do«n  trees,  burning  bouses,  &c., 
destroying  turnpikes  or  works  on  navigable  rivers  j  cnlting ' 
hop-binds,  destroying  com  to  prevent  exportation,  and  by 
wounding  officers  of  the  customs.  All  moneys  recovered 
■gainst  the  hundred  to  he  levied  by  a  rate. 

HUNGARIANH*CH1NE,anbydrBulicengine,  is BTcry  inge- 
nious application  of  the  tfn-o  Jcf  (i' £Wti  principle.  The  following 
engraving  represents  this  machine.  A  is  the  source  of  water 
elevated  136  feet  above  tbe  mouth  of  the  pit,  and  from  this 
■onrce  there  descends  a  pipe  D  of  4  inches  diameter,  which 
enters  the  crown  of  a  copper  cistern  D,  6)  feet  high,  a  feet 
diameter,  and  2  inches  thick.  The  pipe  D  reaches  to  within 
4  inches  of  the  bottom  of  this  copper  cistern  ;  it  has  a  cock  at  I. 
This  cistern  has  a  cock  at  Q,  and  a  very  large  one  at  N  ; 
from  its  top  proceeds  a  pipe  V  EC  two  Inches  diameter,  which 
ROM  down  tbe  pit  90  feet,  and  is  inserted  into  the  top  of  another 
brass  or  copper  cistern  C,  6i  feet  high,  4  feel  diam«(er,  and 
Q  inches  thick ;  tbe  latter  containing  nearly  83  cubic  feet,  which 
is  about  half  the  capacity  of  the  farmer,  air.  170  cubic  feet. 
Aaothvr  pipe,  F  0, 4  inches  diamiBier,  rises  from  within  4  inches 
of  the  bottom  of  this  lower  cistern,  is  soldered  into  its  lop,  and 
rises  to  the  trough  Z.  which  carries  off  Ihe  water  from  tbe 
mouth  of  the  pit.  This  lower  cistern  oommanioates  at  the 
bottom  with  the  water  O,  which  collects  in  the  drains  of  tbe 
mines.  A  large  coek  P  serves  to  exclude  or  admit  this  water ; 
another  cock  H,  at  the  top  of  Ibis  cistern,  communicates  with 
tbe  external  air. 

Now,  suppose  Ihe  cock  I  abut,  and  all  the  rest  open :  the 
■pper  dstern  will  contain  air,  and  the  lower  cistern  will  he 
illed  with  water,  becaase  it  ia  sank  lo  deep  that  its  top  is 


below  Ihe  osoal  jurfaoe  of  tbe  nine-wKten.  Sbnt  Iftf 
cocks  q,  N,  H,  F,  and  open  the  eock  L  Tho  vntn  •!  iha 
Boune  A  mnit  ran  in  by  the  orifice  J,  and  risa  ia  the  ap- 
percistem,  comprasHSf 
the  air  above  it.  aed 
akmg  the  pipe  VBC 
and  thus  ncling  on  ihe 
Burfnoe  of  tbe  water  ia 
the  lower  uslen.  Itwil 
therefore  cenae  it  te 
rise  gradakUy  ■■  tbe  pipe 
O  P,  where  it  will  alwaji 
he  of  such  a  height  tiat 
Its  weight  balamoes  As 
elasucity  of  tbe  oow- 
preascd  air.  Soppesa 
no  usue  gi^cn  te  the  ail 
from  the  spper  dstera. 
It  wonid  be  compressed 
into  one-fifth  of  its  balk 
by  the  coIdbb  at  IM 
feet  high  ;  for  a  ealoBHi 
of  34  feet  neerlj  he- 
lances  the  ordiBBry  dat> 
ticity  of  ibeair.  Then- 
fore,  when  tlien  is  aa 
issue  given  to  it  tbrengh 
tbe  pipe  VEC,  it  nl 
drive  the  oompreascdiir 
along  this  pipe,  and  k 
will  expel  water  fnm 
tbe  lower  cdftern.  Vbca 
the  Di^xr  cistern  it  M 
of  water,  there  wiB  It 
34  eubio  fleet  of  water 
expelled  fran  tbe  lemr 
ciateni.  Iftbe  pIpeOP 
bad  beeo  more  tlun  III 
feet  Ions,  tlw  ntm 
would  haveriaenlSSfcet 
being  then  i»  tiqniBbrii 
with  the   wsMT  is  Ibe 


feeding  pipe  D,  by  the 
iatervoDtKHi  of  tbeclae> 
tie    air;    but   Mt  i 


this  pipe.  Bnt  ibe  pipt 
being  only  96  feel  high,  the  water  will  be  throwB  oat  atZwtt 
a  considerable  velocity.  If  it  were  not  for  the  ktmU  ebrtne- 
lions  which  water  and  air  must  meet  with  id  their  pnHBfi 
along  pipes,  it  would  issue  at  Z  with  a  ulocttf  oC  maNlbM 
fifty  feet  per  second.  It  Issnes  however  maidi  mere  rinrir, 
and  at  last  the  upper  cistern  is  full  of  water,  and  tfcewtta 
would  enter  the  pipe  V  B  and  enter  the  lower  olstera.  Hi 
without  displacing  Ihe  air  in  it,  would  rise  thriKigh  Oads- 
chargingpipe  O  P,  and  run  off  to  waste.  To  prevent  this,  te* 
hangs  in  the  pipe  V  E  a  cork  ball  or  doable  oone,  by  a  bHM 
wire  which  is  guided  by  holes  in  two  cross-pieoes  in  thai  jift- 
When  the  npper  cistern  is  filled  with  water,  this  cork  plnn  ^ 
the  orifice  V,  and  no  water  is  wasted ;  the  inllnx  at  /w* 
stops.  But  the  lower  cistern  contains  oompreBBed  aJr,  wIM 
would  balance  water  in  a  discharging  pipe  iS6  feet  U^ 
whereas  O  P  is  only  B6.  Therefore  the  water  will  contiaM  t* 
flow  at  Z  till  the  air  has  so  far  expanded  as  to  balajieeaBlr 
96  feet  of  water,  that  is,  till  it  occupies  ooe-balf  of  ita  otdiaaiy 
bulk,  that  is,  one-fourth  of  tbe  capacity  of  tbe  upper  tiuteim.  sr 
43i  cubic  feel.  Therefore  42)  cubic  feet  will  he  expelled,  mt 
tbe  eSlox  at  Z  will  cease ;  and  the  lower  cistern  ia  about  aw- 
half  full  of  water.  When  Ihe  atleadiog  workman  ohserves  lUt, 
hii  shuts  the  cock  I.  He  might  have  done  this  before^  bid 
he  known  the  orifice  V  was  stopped ;  hut  no  loss  ensaes  ftna 
tho  lielay.  At  the  same  time  the  attendant  opeM  tbe  eodi  N 
the  water  issues  with  great  violence,  being  presued  by  the  oe^ 
doused  air  from  Ibe  lower  cistern.    It  thenifore  issBes  witb  Ibi 
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When  H  is  empty,  B  will  be  so  too,  (beinj^  so  rej^alated  by 
th)  cock  K)  on  which,  in  a  moment  or  two,  R  and  S  will  also 
be  empty ;  which  will  cause  the  cocks  I  and  L  to  open,  and  all 
things  will  be  again  in  the  state  first  supposed,  for  a  repetition 
of  the  operations  described. 

To  stop  the  engine,  the  cocks  at  K  and  Y  shonld  be  sbnt, 
while  S  is  full  of  water.  To  set  it  working,  they  should  be 
open ;  and  this  is  all  the  attendance  it  will  require.  As  no 
one  but  an  engineer  should  attempt  to  construct  such  an  engine 
as  this,  it  was  useless  to  represent  the  manner  of  connecting 
the  pipes  by  flanehes,  or  otherwise ;  or  the  proper  methods  of 
fastening  and  closing  the  parts,  which  are  all  well  known  to 
such  as  have  made  this  art  their  study. 

HUNGARY  Water,  denominated  from  a  queen  of  Hun- 
gary, is  made  by  distilling  in  balneo,  fresh- gathered  flowers  of 
rosemary,  two  pounds  ;  rectified  spirits  of  wine,  two  quarts. 

HURDLES,  in  Fortification,  twigs  of  willows  or  osiers  in- 
terwoven close  together,  sustained  by  long  stakes,  and  usually 
laden  with  earth.    See  Fortification. 

Hurdles,  in  Husbandry,  frames  of  split  timber,  or  of  hazel 
roas  wattled  together,  to  make  sheep-folds,  &o. 

HURRICANE,  a  furious  storm  of  wind,  owing  to  a  con- 
trariety  of  winds.    See  Wind  and  Whirlwind.    Hurricanes 
are  frequent  in  the  West  Indies,  where  they  make  terrible 
ravages,  by  rooting  up  trees,  destroying  houses  and  shipping, 
and  the  like.    Hurricanes  happen  either  on  the  day  of  the 
full,  change,  or  quarter  of  the  moon.    From  the  unusual  red- 
ness of  the  snn,  great  stillness,  and  at  the  same  time  turbu- 
lence of  the  skies,  swelling  of  the  sea,  the  like  happening  at 
the  change  of  the  moon,  the  natives  conclude  there  will  be  a 
hurricane  next  full  moon ;  and  if  the  same  signs  be  observed 
on  the  full  moon,  they  expect  one  next  new  moon.    As  the 
wind  betwixt  the  tropics  is  generally  easterly,  and  upon  the 
sun's  going  back  from  the  northern  tropic,  the  western  winds 
pour  down  with  violence  upon  those  parts,  the  opposition  of 
these    contrary  winds    cannot  fail  to  produce  a  hurricane. 
Hurricanes  shift  not  through  all  the  points  of  the  compass,  but 
begin  always  with  a  nortb  wind,  veer  to  the  east,  and  then 
cease;  and  their  shifting  between  these  two  points  is  so  sud- 
den and  violent,  that  it  is  impossible  for  any  ship  to  veer  with 
it. — The  importance  of  the  barometer,  as  indicating  the  ap- 
proach of  hurricanes,  may  be  learned  from  the  following  cor- 
roborative remarks  on  the  subject,  which  we  extract  from  an 
interesting  letter  to  the  Editor  of  the  South  African  Chronicle: 
"  Every  one  at  all  acquainted  with  the  mechanism  of  a  baro- 
meter, is  aware  that  its  construction  originated  in  a  discovery, 
that  the  mean  density  of  the  atmosphere  is  capable  of  support- 
ing a  column  of  mercury  equal  to  about  thirty  inches  in  length ; 
it  follows,  therefore,  that  every  deviation  from  that  height  is 
the  result  of  some  change  or  other  in  the  actual  density  or 
gravity  of  the  atmosphere  which  supports  it,  the  trifling  effect 
excepted,  which  is  produced  by  the  attractive  and  cohesive 
qualities  of  the  tube  in  which  it  is  confined  ;  but,  although  it  is 
clear  that  no  alteration  can  take  place  in  the  quicksilver,  which 
is  not  occasioned  by  a  proportional  change  in  the  weight  of  the 
atmosphere,  these  changes  depend  upon  such  a  variety  of 
caases,  and  are  frequently  so  minute  as  not  to  be  perceptible, 
or  accompanied  by  any  visible  alteration  of  the  weather,  which 
is  the  reason  why  small  deviations  in  the  barometer  do  not 
always  indicate  any  change  whatever  in  the  latter.    It  is  a 
well-established  fact,  that  Sie  barometer  undergoes  little  or  no 
variation  throughout  the  region  of  the  tropics,  except  when 
under  the  influence  of  an  approaching  hurricane,  when  it  is 
equally  notorious  that  it  invariably  falls  rapidly  and  considei- 
ably,  as  it  inevitably  must  do,  if  we  consider  the  principle 
upon  which  the  quicksilver  is  supported  in  the  tube,  and  con- 
nect it  with  the  probable  cause  of  these  storms,  which  are  nn 
much  exceeded  in  violence,  as  the  situations  in  which  they  are 
generated  are  at  most  other  periods  in  mildness,  by  the  more 
boisterous  climates  of  Europe.    Of  the  danger  attending  them, 
(says  Colonel  Wright,)  1  have  acquired  some  degree  of  know- 
ledge from  dear-bought  experience,  and  of  their  approach  we 
may  at  all  times  be  warned  by  an  infallible  monitor,  although  I 
fear  it  is  too  often  fatally  slighted,  through  ignorance,  perverse- 
ness,  or  prejudice ;  because  that  part  of  the  ocean  to  which 
these  remarkB  are  confined  is  frequently  sailed  over  without 


having  to  encounter  a  hurricane;  and  because,  throoghouC 
such  navigation,  the  barometer  may  remain  lilmost  strntioaary, 
it  is  too  apt  to  be  thought  a  useless  appendage  to  a  ship  ia 
those  seas ;  but,  so  far  is  this  from  being  «  just  coodusioa, 
that,  in  my  opinion,  the  circumstance  of  its  not  being  affected 
by  any  other  weather  than  such  as  is  attended  with  immineflt 
danger,  is  the  strongest  argument  that  can  be  addoeed  for  its 
being  particularly  valuable  in  those  regions.^  In  bigh  latitodct 
the  experienced  eye  and  judgment  of  the  sailor  prove  a  pretty 
correct  substitute  for  a  barometer ;  but  the  tropical  bnrricaoe, 
like  the  wolf  in  the  fable,  always  comes  on  when  least  expected, 
so  far  as  appearances  are  concerned,  and  therefore  the  baro- 
meter is  the  only  guide  to  be  safely  confided  in.  My  ooocis' 
sion  then  is,  after  many  years'  experience  of  the  navigatioB  of 
those  seas,  as  well  as  from  theory,  that,  whenever  die  baro- 
meter is  observed  to  fall  suddenly  and  considerably  any  where 
within  the  tropics,  it  n^ay  be  considered  indubitable,  that  aa 
uncommon  degree  of  rarefaction  of  that  part  of  the  atmo- 
sphere is  in  progress,  and  that  it  will  inevitably  be  followed  by 
a  violent  reaction.  Not  a  moment,  therefore,  is  to  be  lost  ia 
bringing  the  ship  to  wind,  and  preparing  ber  for  a  storm ; 
from  that  moment  the  ship  has  passed  the  circumference  of  a 
circle,  the  centre  of  which  is  the  centre  of  danger,  inasanick  as 
it  is  the  centre  of  the  atmospheric  expansion.  I  think  I  may 
fairly  conclude,  that  the  barometer  will  infallibly  indicate  de 
approach  of  a  hurricane  within  the  tropics,  and  that  where  the 
storm  commences,  there  will  it  first  subside,  and  there  wfll  it 
be  most  moderate:  and  if  this  be  the  truth,  one  would  ahnott 
think  it  were  an  instrument  placed  by  Providence  in  the  hands 
of  sailors  to  warn  them  of  their  danger ;  for  if  they  are  to  pr»> 
ceed  in  their  course,  in  defiance  of  such  warning,  the  baie- 
meter  might  as  well  be  on  shore.  The  sailor  is  an  amphihioei 
animal,  and  there  being  something  peculiar  in  the  disposttiM 
of  animals  which  partake  of  a  twofold  nature,  I  recommend,  hi 
conclusion,  that  those  gentlemen  and  ladies  from  the  Sift, 
who  have  recourse  to  our  salubrious  climate  for  the  purpose  of 
repairing  their  shattered  constitutions,  should  never,  but  when 
it  cannot  be  avoided,  engage  a  passage  in  a  ship  that  is  not 
possessed  of  one,  and  that  they  should  keep  guard  over  its 
silent  salutary  warnings  themselves." 

HUSBAND  and  WIFE,  usually  termed  haron  and/nM,  art 
one  person  in  law;  that  is,  the  very  being  or  legal  existence  of 
the  woman  is  suspended  during  the  marriage ;  or,  at  least,  is 
incorporated  and  consolidated  into  that  of  the  husband,  ander 
whose  wing,  protection,  and  cover  she  performs  every  thiag; 
she  is  thercmre  called,  in  our  law,  (French,)  a  feme  covert, 
that  is,  under  the  protection  and  influence  of  her  husband,  ber 
baron,  or  lord ;  and  her  condition,  during  her  marriage,  if 
called  her  coverture.  A  man  cannot  grant  lands  to  his  vife 
during  Uie  coverture,  nor  any  estate  or  interest  to  her,Ber 
(snter  into  covenant  with  her ;  but  he  may,  by  his  deed,  eove- 
lant  with  others  for  her  use,  as  for  her  jointure,  or  the  like; 
and  he  may  give  to  her,  by  devise  or  will,  because  the  deriie 
or  will  does  not  take  effect  till  after  his  death.  All  deeds 
executed  by  the  wife,  and  acts  done  by  her  during  her  cover- 
ture, are  void ;  except  a  fine,  or  the  like  matter  of  record,  is 
which  case  she  must  be  solely  and  secretly  examined,  tiiit  it 
may  be  known  whether  or  not  her  act  be  voluntary.  A  wife  is 
so  much  favoured,  in  respect  of  that  power  and  authority  whick 
her  husband  has  over  her,  that  she  shall  not  suffer  any  ponislh 
ment  for  committing  a  bare  theft,  in  company  with  or  by  coer- 
cion of  her  husband ;  but  if  she  commit  a  theft  of  her  ova 
voluntary  act,  or  by  the  bare  command  of  her  husband,  or  W 
guilty  of  treason,  murder,  or  robbery,  in  company  with  or  bj 
coercion  of  her  husband,  she  is  punishable  as  much  as  if  she 
were  sole ;  because  of  the  odiousness  and  dangerous  conse- 
quence of  these  crimes..  By  marriage,  the  husband  hath  power 
over  his  wife's  person ;  and  the  courts  of  law  still  permit  a 
husband  to  restrain  a  wife  of  her  liberty,  in  case  of  any  gross 
misbehaviour ;  but  if  he  threaten  to  kill  her,  6cc.  she  may  make 
him  find  security  of  the  peace,  by  suing  a  writ  ofn^plumni  oat 
of  Chancery,  or  by  preferring  articles  of  the  peace  against  him, 
in  the  court  of  King's  Bench,  or  she  may  apply  to  the  spiritial 
court  for  a  divorce,  on  account  of  cruelty.  The  husband,  by 
marriage,  obtains  a  freehold  in  right  of  his  wife^  if  he  takes  % 
woman  to  wife  that  is  seized  of  a  freehold ;  and  he  may 
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a  lease  thereof  for  twcoty-one  years,  or  three  lives,  if  it  bo 
made  accordio|c  to  the  statute  32  Henry  VIII.  c.  28.  The 
busbaod  also  gains  a  chattel  real,  as  a  term  for  years,  to  dis- 
pose of,  if  he  please,  by  grant  or  lease  in  her  lifetime,  or  by 
sunriflog  her:  otheruise  it  remains  with  the  wife;  and  upon 
execution  for  the  husband's  debt,  the  shcrilT  may  sell  the  term 
during  Uie  life  of  the  wife.  The  husband  also,  by  the  marrisge, 
hath  an  absolute  gift  of  all  chattels  personal,  in  possession  ol 
the  wife  in  her  own  right,  whether  he  surf  i?es  ber  or  not.  But 
if  these  diattels  personal  are  cMoses  in  action,  that  is,  things 
lo  be  sued  for  by  action,  as  debts  by  obligation,  contract,  or 
tb^  likr,  the  husband  shall  not  have  them,  unless  he  and  his 
wife  recover  them. 

By  custom  in  London,  a  wift  may  carry  on  a  separate  trade ; 
and  as  such,  is  liable  to  the  statutes  of  bankruptcy,  with  re- 
spect to  the  goods  in  such  separate  trade,  with  which  the  hus- 
band cannot  intermeddle.  If  the  wife  be  indebted  before 
marriage,  the  husband  is  bound  afterwards  to  pay  the  debt, 
living  with  the  wife ;  for  he  has  adopted  her  and  her  dreum- 
stances  together ;  but  if  the  wife  die,  the  husband  shall  not  be 
charged  for  the  debt  of  bis  wife  after  her  death ;  if  the  creditor 
of  the  wife  do  not  get  judgment  during  the  coverture.  The 
husband  is  bound  to  provide  his  wife  necessaries,  and  if  she 
contract  for  them,  he  is  obliged  to  pay  for  them  ;  but  for  any 
thing  besides  necessaries  he  is  not  chargeable :  and  also,  if  a 
wifo  elope,  and  live  with  another  man,  the  husband  is  not 
chargeable  even  for  necessaries ;  at  least  if  the  person  who 
fomish  them  be  snffieientiv  apprised  of  her  dopement  A  man 
having  issue  by  his  wife,  bora  alive,  shall  be  tenant  by 
oovrtesy  of  all  the  lands  in  fee-simple,  or  fee-tail  general,  of 
wkSch  she  shall  die  seised  ;  and  after  her  death,  he  shall  have 
all  chattels  real ;  as  the  term  of  the  wife,  or  a  lease  for  years 
of  the  wife,  and  all  other  chattels  in  possession  ;  and  also  all 
sach  as  are  of  a  mixed  nature,  (partly  jd  possession  and  partly 
io  action,)  as  rents  in  arrear,  incurred  before  the  marriage  or 
after ;  but  things  merely  in  action,  as  of  a  bond  or  obligation 
to  the  wife,  he  can  only  claim  them  as  administrator  to  his 
wife,  if  he  survive  her.  If  the  wife  survhve  the  husband,  she 
ahall  have  for  her  dower,  the  third  part  of  all  his  freehold 
lands :  so  she  shall  have  her  term  for  years  again,  if  he  have 
not  altered  the  property  during  his  life :  so  also  she  shall  have 
agaia  all  other  chattels  real  and  mixed ;  and  so  things  in  action, 
as  debts,  shall  remain  to  her,  if  they  were  not  received  during 
the  marriage :  but  if  she  dope  from  her  husband,  and  go  away 
vith  her  adulterer,  she  shall  lose  her  dower ;  unless  her  hus- 
band had  willingly,  without  coercion  ecclesiastical,  been  recon- 
ciled to  her,  and  permitted  her  to  cohabit  with  him. — Wmtkins's 

HrstAND,  Skip'i^  the  owner,  who  takes  the  direction  and 
■lasagement  of  a  ship's  concern  upon  himself,  the  other  owners 
psyinc  him  a  commission  for  his  trouble. 

HUSBANDRY,  or  AoaicuLTuaE,  is  the  science  which 
explains  the  means  of  making  the  earth  produce,  in  plenty  and 
perfection,  those  vegetables  which  are  necessary  to  the  sub- 
sistence of  man,  and  of  the  animals  reared  by  him  for  food  or 
labour.  To  explain  the  various  branches  of  this  important 
article  would  require  a  volume,  or  an  extended  account  which 
oar  pages  cannot  admit.  To  the  agricaltorist  we  would  recom- 
mend Towaes's  Farmer's  Directory,  as  a  work  replete  with 
valuable  information. 

HUSTINGS,  a  court  hdd  before  the  Lord  Mayor  and  Alder- 
men of  London.  Error  on  attaint  lies  there  of  a  false  verdict 
in  the  sheriflTs  court. 

HUYGENS,  a  venr  celebrated  Dutch  mathematician  and 
astronomer,  who  flourished  in  the  I7th  century.  He  has  been 
chiefly  distinguished  for  making  improvements  in  the  telescope, 
the  air  pomps,  and  pendulums. 

HY.IINA,  in  Natural  History,  an  animal  remarkable  for  its 
ootamcable  ferocity.  It  is  chiefly  an  inhabitant  of  the  most 
solitary  recioas  of  the  torrid  sone. 

HYiSERNACULUM,  that  part  of  the  plant  which  defends 
the  embryo  plant  from  injuries  during  winter. 

HYDRA  Polypes,  in   Natural   History,  a  genus  of  the 

Tonnes  soophyta  class  and  order  ;  an  animal  fixing  itself  by  the 

base,  linear,  gdatiaoos,  naked,  contraotile,  and  famished  with 

sttaceou  fsodsfi;  iahahitiag  fresh  waters,  and  ptodoeittg  its 
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deciduous  offspring  or  eggs  from  the  sides.  There  are  Ave 
species.  When  a  po.ype  is  cot  transversely,  or  longitudinally, 
into  tao  or  three  parts,  each  part  in  a  short  time  becomes  a 
perfect  animal ;  and  so  great  is  this  prolifle  power,  that  a  new 
animal  will  be  produced  even  from  a  small  portion  of  the  skin 
of  the  old  one.  If  the  young  ones  be  mutilated  while  they 
grow  upon  the  parent,  the  parts  so  cut  off  will  be  reproduced  ; 
and  the  same  property  belongs  to  the  parent.  A  truncated 
portion  will  send  forth  young  ones  before  it  has  aci|Qired  a  new 
nead  and  tail  of  its  own,  and  sometimes  the  head  of  the  young 
one  supplies  the  place  of  that  which  should  have  grown  oat  of 
the  old  one.  If  we  slit  a  polype  longitudinally  through  the 
head  to  the  middle  of  the  body,  we  shall  have  one  formed  with 
two  heads ;  and  by  again  slitting  these  in  the  same  manner,  we 
may  form  one  with  as  many  heads  as  we  please.  A  still  more 
surprising  property  of  these  animals  is,  that  they  may  be 
grafted  together.  If  the  truncated  portions  of  a  polype  he 
placed  end  to  end,  and  gently  pushed  together,  they  will  unite 
into  a  single  one.  The  two  portions  are  first  joined  together 
by  a  slender  neck,  which  gradually  fills  up  and  disappears,  the 
food  passing  from  one  part  into  the  other ;  and  thus  we  may 
form  polypes,  not  only  from  different  portions  of  the  same 
animal,  but  from  those  of  difl'crent  auiroais.  We  may  fix  the 
head  of  one  to  the  body  of  the  other,  and  the  compound  animal 
will  grow,  eat,  and  multiply,  as  if  it  had  never  been  divided. 
By  pushing  the  body  of  one  into  the  mouth  of  another,  so  far 
that  their  heads  may  be  brought  into  contact,  and  kept  in  that 
situation  for  some  time,  they  will  at  last  unite  into  one  animal, 
only  having  double  the  usual  number  of  arms.  The  hydra  fusca 
may  be  turned  inside  out  like  a  glove,  at  the  same  time  that  it 
continues  to  eat  and  live  as  before.  The  lining  of  the  stomach 
now  forms  the  outer  skin,  and  the  former  epidermis  constitutes 
the  lining  of  the  stomach. 

.  HYDSii,  the  Female  Snake^  is  an  immense  constellation  of 
the  Southern  hemisphere,  extcmling  for  above  1 00  degrees 
from  the  west  to  east,  beneath  the  Crab,  the  Lion,  and  the 
Virgin.  This  constellation  is  said  to  reprcsrnt  the  water  ser- 
pent destroyed  by  Hercules.  The  origin  of  the  Celestial  Snake 
IS  as  donbtful  as  that  of  the  Crow  or  the  Cup;  for  another 
fable  tell  us  that  Apollo,  intending  to  oR'cr  n  sacrifice  to  Jupi- 
ter, sent  a  crow  with  a  cup  for  some  water  ;  but  the  bird  having 
amused  itself  otherwise  than  it  had  been  bidden,  and  returning 
without  its  errand,  excused  itself  to  the  god,  by  affirming  that 
the  stream  into  which  it  wished  to  dip  the  cup  was  guarded  by 
an  enormous  serpent.  Apollo,  to  punish  the  falsehood  of  the 
crow,  placed  it  opposite  to  the  cup,  and  charged  the  serpent 
not  to  allow  it  to  drink. 

The  boundaries  and  contents  of  this  constellation  are  : — 
North  by  the  zodiacal  signs  Cancer,  Leo.  and  Virgo ;  west  by 
Monoceros;  south  by  Argo  Navis,  Antliu  Pneumatica,  and 
Centaurus ;  and  east  by  Lupus  and  Scorpio.  There  arc  sixty 
stars  in  this  constellation,  the  chief  of  which  is  Alphard,  (or 
Cor  Hydra*,)  of  the  2d  magnitude,  three  of  the  3d,  twelve  of 
the  4th,  &c. 

m  Hydr«  culminates  at  the  following  hours,  in  astronomical 
time,  on  the  1st  of  every  month  throughout  the  year:  Merid. 
alt.  40°  21'  4^ . 


lOMTH. 

Cl'LM.        1!  Mo!iTH. 

CriM. 

MO}(TH. 

CrtM. 

bo.  mi.  lec.  . 

bo.  Mi.  tee. 

bo.    Mi.  ■«€. 

Jan. 

It     30       4         May 

0     45     2(i 

Sept. 

S3    13    la 

FeK. 

I'i     IH     Ifi        Jim 

4     43       5 

Oct. 

20     47     33 

Mar. 

10     20     35  4      Julj 

2     3U     12  li 

Nor. 

18     31     IS 

April 

H     3C     23  1      Au<. 

0     3.1     39    ; 

Dec. 

10     47     so 

HYDRATE,  in  Chemistry,  expresses  the  chemical  union  of 
water  with  any  substance,  and  especially  with  certain  metallio 
oxides. 

HYDRAULICON,  Wmier  Orpmn,  la  Music,  an  instnimen'. 
acted  upon  by  water;  the  invention  of  which  is  said  to  be  of  higher 
antiqnity  than  that  of  the  wind  organ. 

HYDRAULICS.  The  science  of  hydraulics  teaches  us  the 
method  of  estimating  the  swiftness  and  force  of  fluids  in  motion. 
Modem  philosophy  has  dignified  this  science  by  the  name  of 
Hydrodwnamiest  or  the  application  of  DynmmUt  to  the  impul- 
sion and  flow  of  water  and  other  liuoids. 

The  prossare  of  water  against  the  sides  of  vetads  is  Id* 
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creaMd  by  an  increase  of  depth :  this  holds  Inie,  of  water  in 
Tessela,  canals,  nTera,  reiertojrs,  &c.  and  the  proportion  is  as 
the  Rqaaie  of  the  depth,  or  altitude.  Upon  the  principles  of 
this  science  many  machines  worked  b^  water  are  constructed ; 
Rnd  several  different  engines  used  in  the  mechanical  arts, 
Tarions  Linds  of  mills,  pomps,  and  fouDtaios,  are  but  applica- 
tions of  this  theory  jodicio  a  sly  applied. 

The  Telocity  with  which  water  spouti  from  a  hole  at  the 
side,  or  in  the  bottom  of  a  Tessel,  is  as  the  sqnare  root  of  the 
depth  or  distance  of  the  hole  below  the  surface  of  the  water  ; 
for  in  order  lo  make  double  the  quantity  of  a  fluid  run  throngh 
one  hole  ns  through  another  of  the  same  size,  it  will  require 
four  timea  the  pressure  of  the  other,  and  therefore  the  aperture 
must  be  four  limes  the  depth  of  the  other  below  the  surface  of 
the  water ;  and  for  the  same  reason,  three  times  tlie  quantity 
roniuDjc  in  an  equal  time  through  the  same  sort  of  hole  roust 
ran  with  three  times  the  velocity,  which  will  require  nine  limes 
the  pressure,  and,  consequently,  the  hole  must  be  nine  times  as 
deep  below  the  surface  of  the  Quid,  and  so  on. 

As  a  proof  of  this,  the  following  experiment  can  be  tried  : — 
Let  two  pipes  of  equal-sized  bores  be  fixed  into  the  side  of  a 
vessel,  one  pipe  being  foar  times  as  deep  below  the  surface  of 
the  water  in  the  vessel  as  the  other  is;  and  while  the  pipes 
run,  letwaler  be  poured  constantly  into  the  vessel  so  as  to 
keep  it  always  full.  Then,  if  a  cup  that  holds  a  pint  be  so 
placed  as  to  receive  the  water  that  spouts  from  the  upper  pipe, 
and  at  the  same  moment  a  cnp  that  balds  a  quart  be  placed  to 
receive  the  water  from  the  lower  pipe,  both  cups  will  be  tilled 
at  the  same  time  hy  their  respective  pipes. 

To  CoTutruct  a  Water  J>/ea/«ie.— When  a  stream  of  waler 
flows  into  a  cistern  just  as  fast  as  it  is  discharged,  the  fluid 
must  evidently  maintain  a  constant  level,  from  which  the  cele- 
rity is  eas'ly  computed.  Suppose  the  altitude  3  inches,  the 
velocity  ol  discharge  would  be  8  ji/I,  or  4  feet  each  second; 
t.«.  240  feet  a  minute.  The  delivery  would,  therefore,  be  a 
cubic  foot  a  minute,  if  the  aperture  were  only  the  240th  part  of 
a  square  foot,  or  three-fifths  of  a  square  inch-  Thii  opening' 
corresponds  to  a  circle  whose  diameter  is  -874  parts  of  an  inch. 

Thus  wc  have  a  standard  roeasnre  for  ascertainios  readily 
the  quantity  of  water  delivered  in  a  minate.  Sic.  bj  any  pipe 
or  conduit.  Let  A  B,  in  the  annexed  figure,  be  a  cflinder  of 
tin4  feet  long  and 
1  foot  diameter, 
fitted  with  a  float 
C,  bearing  a  slen- 
der dividing  rod, 
"Which  passes  thro' 
a  hole  in  the  tra- 
lebarEstretch 
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mit  of  the  cylin- 
der.   This  rod  is 
marked  1,  3,  3,  4, 
at  the  distances  of 
3, 12,  27.  and  48 
inches,  being  the 
fourth  parts  of  the 
squares  of  the  first 
nnmbers    in   feet. 
The  divisions  may 
likewise  be  qnar- 
tered,    hy    begin- 
ning with  the  16th 
part  of  3,  12,  37, 
apd  48  inches,  and 
continuing  thn  pro- 
cess  by  multiply- 
ing the  squares  of  6.    ,  be.  as  far  as  16  by  3,  and  dividing  the 
products  again  by  16,     The  cylinder  having  a  circniar  bole 
with  a  fine  edge  out  in  (he  bottom,  and  poised  at  some  dis- 
tance from  the  ground  to  receive  the  current  F,    Uie  water 
mounts  gradually  in  the  vessel  till  it  has  gained  an  altitude 
■afficienl  lo  cause  a  discharge  equal  to  the  whole  influx.    Tbe 
rod  then  indicates  tbe  Dumber  of  cnbic  feet  received  ever; 
minole. 
Bat  the  application  of  this  nuat^rtr  nay  bo  extended,  by 


adapting  lo  it  a  series  of  apertures  which  screw  into  tbe  M> 
torn  of  the  cylinder.  Let  them  bave  snocesaively  these  diame- 
ters in  inches,  -437— -874— 1-748— and  3-496-  Tho  rod  worid 
then  be  sqnare,  and  marked  on  all  iis  four  aides  ;  the  divisiwH 
on  tbe  first  side  eorrespunding  to  a  discharge  of  i.  }.  f,  sad 
one  cuhio  feet ;  those  on  the  next  lo  1,  2,  3,  4 ;  those  on  die 
third  side  to  4,  8,  12,  and  16;  and  those  on  the  fourth  side 
intimating  a  flow  of  16,  32,  48,  and  64  cubio  feet  every  minute. 
From  these  data,  it  is  easy  to  construct  other  modali  sailed  to 
particular  limits.  The  correction  required  ia  the  nee  oftke 
apertures,  to  accommodate  theory  wiUi  practice,  will  be  after- 
wards explnined, 

A  cistern  from  which  the  water  trickled  throa^  a  laisll 
perforation  at  the  bottom,  was  employed  b;  tbe  utricBls, 
under  the  name  of  a  tltpiydra  or  teattr-claek,  to  meaanre  tiae. 
In  a  cylinder  the  How  would  evidently  diminish,  as  the  level  •! 
the  surface  was  incessantly  lowered.  To  procnre  aa  aailiRa 
descent  of  tbe  water,  it  would  be  necessary  to  adopt  tbe  ^are 
of  a  conoid  of  the  parabolic  kind,  each  droular  MctiaB  of 
which  is  proportional  to  the  square  root  of  the  correspoediag 
altitude.  Suppose  this  were  24  feet,  and  the  diuneter  at  the 
top  13*28  feel,  the  diameters  of  the  snocessive  aectioM  hetag 
always  six  times  the  fourth  root  of  the  altitude.  The  veloei^ 
of  efflux  would  then  be  8  ^/  24  =  30-192  feet  each  second.  If 
the  water  sank  at  the  rale  of  a  foot  every  hoar,  tbe  width  •( 
the  orifice  would  he  lo  the  extreme  diameter,  or  13-28,  ai  I  to 
GO  .y  39-162,  This  gives  an  aperture  of  -424  parts  of  an  ioek. 
A  conoid  of  such  dimensions  would,  therefore,  answer  correedy 
as  a  clepsydra,  the  equable  subsidence  of  a  float  marking  Ike 
series  of  twenty-four  hours  in  a  natural  day.  This  float  beiig 
fastened  to  a  thread  wound  about  acylindrical  barrel,  of  a  foot 
in  circumference,  wunld  carry  the  index  of  a  dial  regalaily 

To  thew  the  velocity  with  tokich  watti-  *pmtU  mU  at  a  UU  ■* 
the  tide  of  a  vettel,  and  thtkoriionlaldutaiuelo  which  it  u  tirm. 
— The  horizontal  distance  lo  which  a  flnid  will  spont  CrtM  a 
horizontal  pipe  in  any  part  of  the  side  of  an  upright  veud 
below  the  surface  of  th«  fluid,  is  equal  to  twitw  the  length  of  i 
perpendicular  lo  the  side  of  the  vessel  drawn  from  the  ■oatk 
of  the  pipe  to  a  semicircle  described  upon  tbe  aJtitadeofUM 
fluid  ;  and,  therefore,  the  spout  will  be  to  the  greatest  ■titM"" 
possible  from  a  pipe  whose  month  is  at  tbe  centre  of  the  soni- 
circle,'  because  a  perpendicular  to  its  diameter  ((apposed 
parallel  to  the  side  of  the  vessel)  drawn  from  that  point,  is  the 
longest  that  can  possibly  he  drawn  from  any  part  of  the  diaiie- 
ler  lo  the  circumference  of  the  semicircle. 

It  is  observed,  that  in  every  length  of  pipe,  answeriagb 
50  times  its  diameter,  there  is  a  waste  of  power  equal  to  (kit 
which  produces  the  general  impulsion.  With  a  very  geide 
slope,  a  pipe  of  1-582  feet  diameter,  will  give  the  flowoft 
single  foot  each  second,  and  a  pipe  of  one  foot  wide  wiS  dis- 
charge only  1-243  cubic  feel  of  water  in  the  same  time. 

Let  two  pipes,  as  C  and  ;.  of  equal  sixed  bares,  be  lied 
into  the  side  of  the  vessel  A  B,  as  in  the  followinir  '(<■'*• 


the  pipe*  being  four  times  as  deep  below  tbe  sarbeeofth* 
water  at  i  in  (h«  vessel,  as  the  pipe  C ;  and  whilst  tbosa  fift* 
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rta.  let  waler  be  conitaDll;  poured  into  the  tchcI,  to  keep  the  i 
■urface  alill  at  Ihs  ••ihd  faeJKhl.  Then,  if  a  cup  thit  holdi  a 
pint  be  lo  (lUced  ■■  to  recejie  the  water  that  !>poul*  front  the  | 
pipe  C,  and  at  the  «am<)  moment  a  cup  that  holds  a  ouarl  be  bo 

E laced  OS  to  reeciTC  the  water  UiAt  ipouls  from  the  pipe  3,  ' 
ath  cupi  will  be  filled  at  Ibe  same  time  bjr  their  reipeclifo 
pipe.. 

To  jllof  Irate  the  aecood  diiislon  of  this  propoiilloD,  nameW, 
that  the  Buld  will  apoul  to  the  %nmie»l  diitanoe  posilble 
Trom  a  pipe  vhoie  month  is  at  the  centre  of  the  semi riiole, 
we  hafc  only  lo  loppoie  the  lesicl  A  I)  (ace  Ihe  preceding 
figure)  lo  be  full  of  water,  and  the  horitontal  pipe  D  to  be 
in  tho  middle  of  ita  aide,  and  Ibc  lemi^ircle  Stdch  dc- 
acribed  upon  D  aa  a  centre,  with  the  radius  or  semidia- 
meter  DN,  or  D  t,  the  perpendicular  D  li  lo  Ihe  diameter 
N  Di  is  the  longeit  that  cao  be  drawn  from  any  part  of  the 
diamelcTto  the  circumrerence  N  ((Jc  t.  And  if  the  veiset  be 
kept  full,  the  jet  G  will  iponi  from  the  pipe  D.  to  the  horiiontal 
distance  N  U,  which  is  doable  the  length  of  tlie  perpendicular 
O  4.  If  two  other  pipes,  as  C  and  E,  he  esed  into  the  side  of 
tbe  Tcssel  at  equal  distances  above  and  below  the  pipe  t),  the 
perpeodicaiars,  C  c  and  E<,  from  these  pipes  to  the  semicircle, 
will  be  equal ;  and  the  jcis  F  and  H  spouting;  from  them  will 
each  fo  lo  the  horiconlal  distance  N  K  ;  which  is  double  the 
Icnftb  of  either  of  the  equal  perpendiculars  Cc  or  E  r. 

Ills  Terj  obvions,  that  when  an  aperture  is  made  in  the  side 
of  a  Tessel  holding  any  fluid,  the  equilibrium  of  hydrostatic 
pressure  is  destroyed,  and  this  force,  which  was  eseried 
equally  all  round  the  inner  surface,  now  ceases  to  act  at  the 
opening,  or  rather  it  expends  Its  action  there,  in  projectinf;  the 
nncoTGred  portion  of  the  fluid.  The  reaction,  or  inceuant 
recoil  Ruilafncd  by  the  Rcncral  mass,  will  heocr  be  the  same 
a*  the  exirrnal  pressure  of  the  column  of  the  fluid  of  rqiial  alti- 
tude directed  against  the  section  of  the  orifice.  IflhevcHsel 
ave  therefore  a  cylindrical  form,  and  turn  freely  about  a  ver- 
tica)  axis,  while  it  carries  under  it  two  lioriaontal  branches, 
extending  bolh  waji,  each  of  them  perforated  near  the  cud  at 
right  angles  (o  their  plane  with  the  axis,  but  in  opposite  sides  ; 
tbc  machine  will  be  driven  backwards  by  the  spouting  fluid, 
■ad  forced  to  rerolre  as  long  ai  the  action  subsists-  Theforee 
tbas  exerted  is  equal  lo  the  weigbt  of  a  column  of  the  fluid 
liaiing  Ihe  general  allitode,  with  Uie  two  ap«rlares  for  its  base. 
But  the  efl'ect  becomes  augmented  In  this  case  by  the  length  of 
the  arms  or  levers  to  which  the  power  is  applied.  This  prin- 
ciple has  been  long  successfully  adopted  iu  the  eonstruclion  of 
n  very  simple  but  efflcienl  walei-mill,  commonly  designated 
Barker's  mill.  It  is  capable,  however,  of  vaiious  other  useful 
and  imporlant  applications,  which  remain  still  lo  be  carried 
intocxccntiou. 

from  these  principle*  lo  those  on  which  some 

henomcna  depend,  is  at  ibis  place  both  natural  and 

easy.    We  shall,  therefore,  in  Ihe  neit  branch  of  this  article 

d  .    .   __ "■    ■      ■ 

a  cjlindtical  git 
with  water,  be  put  on  a  whirling 
table,  tbe  cenir.-il  deprcssionof  the 
liquid  wiltinercaM  a»  thccircoro- 
Tolntionis  aceeleraled,  while  its 
sides  will  rise  np.  It  will  then 
divide  at  the  bollom,  and  spread 
more  upwards,  forming  always  a 
parabolie  conoid,  but  with  a  di- 
Riialsbing  parameter.  If  a  thin 
ring  were  applied  round  the  lop 
of  the  cylinder,  the  water  in  ils 
extreme  celerity  Konid  cover  Ihe 
inside  of  the  cylinder  with  a  strati 
Si;ppo«r  a  cylinder  A  II.  G  inches  wide  and  ISincbi 
witli  wilcr  to  lliealtiludeof  four  inches  :  When  the  eircumvoiu- 
tion  ii  performed  in  68",  Ihe  water  ia  depressed  an  inch,  the 
central  pari  standing  at  3|  and  Ibe  sides  at  4}  :  but  when  the 
cylinder  eirculatei  in  21".  Ibe  cavity  stoks  eight  inches  in  Ihe 
bollom. and  rises  at  the  sides  10  Ihe  height  of  B  inches.  If  the 
revolution  were  achieved  in  'IS",  tbe  waler  wonid  rise  to  tbe 
llpa,  katiag  a  dry  circle  at  the  bottom  of  tbe  vewel  o(  240 


inches  in  dismeler.  Hence,  as  we  have  said,  tbe  origin  of  dis- 
ples  on  tlie  surface  of  small  streams,  and  of  whirlpools  (■ 
mighty  rivers  and  narrow  seas.  The  eOecl  it  produixd  by  the 
lateral  alltition  of  adierae  cnrrenls,  which  extending  ibeir 
influence  from  the  neutral  point  or  centre  ofeaaal  and  oppoalta 
action,  gradually  converl  their  parallel  motions  iato  a  cob- 
biaed  ajstcm  of  circumvolution.  Suppose  each  current  bad 
a  velocity  of  9  mites  an  hour,  or  IH'i  feet  each  second, 
and  the  radius  of  tbe  whirlpool  to  be  lUO  feel ;  tbe  lime  of  cir- 
culRlion  would  then  be  47'6",  and  Ihe  depression  in  Ihe  cenir* 
of  the  gulf  only  2-72  feet,  Ihe  parameter  of  Ihe  parabola 
being  307a  feet 

When  water  l.«snes  through  a  simple  circular  aperture  in  a 
thin  plate,  it  forms  a  contracted  vein  uf  a  conical  or  ralber 
tapering  funnel  shape,  its  section  being  reduced  lo  very  neat 
five-eighlh  parts  at  a  distance  little  more  than  half  its  diane- 
ter.  If  a  tube  of  this  figure  be  annexed,  (he  quantity  of  dit- 
chance  will  come  within  the  thirtieth  part  of  the  result  of  theory, 
as  computed  for  the  exterior  aperture.  But  the  adjulago 
being  directed  upwards,  the  jet  will  riie  to  fuurleeD-lifteeillb 
parts  of  Ihe  whole  height  of  the  incumbent  column. 

If  lo  this  Inpcred  spout  nnothrr  conicnl  lube  five  Itmes 
longer,  anri  opening  to  the  original  wiillh.  be  joined,  the  dll- 
chargc  of  waler  will  be  augmented  from  21  to  3H  parts.  The 
effect  of  Uie  adjutnge  i%  now  the  greatest  possible,  tbe  ahsolate 
flow  from  the  interior  aperture  being  only  40  parts,  according  to 
theory.  This  pipe  widens  at  an  angle  of  about  three  degrees; 
but  when  the  annexed  piece  diverges  nl  a  greater  angle,  ita 
influence  becomes  diminished,  and  appears  lo  cease  allngetber 
at  an  angle  of  sixteen  degrees.  The  stream  has  now  ceased  to 
fill  up  the  whole  of  the  cavity,  and  is  consequently  no  longer 
augmented  by  adhesion  to  the  sides  of  the  spout. 

The  lateral  action  of  water  flowing  through  a  pipe  is  ctinecd 
in  a  more  striking  manner.  Let  a  cylinder  one  inch  viide  and 
three  inches  long  be  adapted  to  an  orifice  at  the  bollom  of  a 
cistern  ;  and  on  the  upper  side,  at  the  distance  of  half  an  inch 
from  ils  origin,  lei  a  narrow  arched  glas*  tube  be  inserted  and 
cariicd  down  to  a  liasnn  of  water  three  feet  lower.  When  the 
slream  is  projected  with  n  veli>city  of  nine  feet  in  a  second,  it 
will  draw  up  water  lo  the  height  of  Iwo  feet;  hut  if  the  tube 
be  shortened  within  that  limil,  the  slender  column  nill  mix 
with  Ihe  bodvofthe  current,  and  soon  drain  the  contents  of 
the  bai^on.  Wheo  a  conical  lube,  opening  with  a  considerable 
angle  of  divergence,  is  substituted,  a  series  of  slender  glass 
tubes  iofcrled  al  diOcrent  distances  from  Ihe  interior  aperture 
will  lie  found  to  raise  the  Hater  lo  several  heights,  which 
diminish   as  the  stream  begins  to  separate  from  the  sides  of 

This  property  ofrnnning  water  msy,  in  varions  situations, 
be  lurned  to  useful  aceounl.  By  connecting  tbe  edge  of  tbe 
stream,  for  instance,  by  means  ofa  small  slanting  pipe,  with  a 
collection  of  water  at  a  lower  level,  this  will  be  gradually  drawn 
ap  and  carried  away  in  the  general  current.  If  a  awifl  de- 
secnding  rivulet  be  made  to  shoot  across  any  small  pool,  it  will 
sweep  the  water  over  ils  oppoiite  bank.  Vcnluri,  to  whom  we 
are  chiefly  indebted  for  these  remarks,  availed  himself  of  the 
rapidity  and  lateral  draught  of  a  mill-race,  to  drain  a  marsh 
situate  considerably  below  it,  near  the  city  of  Modena. 

The  same  principle  is  likewise  the  principal  cause  ofUia 
aclion  of  Ibe  Hungarian  blowing  tnarhine,  which  consists  ofa 
very  lall  perpendicular  pipe,  terminating  below  In  a  close  wide 
box.  A  stream  of  waler  ruibesdown  this  shaft,  drawing  along 
with  it  the  air  which  enters  Ibe  small  holes  pierced  atone  Ibe 
sides,  and  becomes  accumulated  and  condensed  in  Ibe  chamber, 
whence  it  again  issues  in  a  pooerful  blast  on  opening  a  cock. 
The  blowing  and  dispersion  of  the  spray  on  all  sides  from 
water-falls  have  a  like  origin.  A  body  of  air  is  iotolved  in  the 
broken  descending  current :  collected  in  the  recess  or  broken 
cavity,  it  exerts  ils  elastic  efforts  in  every  direction.  Tbe 
adhesion  of  running  water  to  the  aides  of  its  channel  i*  also 
the  main  cause  of  those  eddies  which   impede   Ibe    general 

If  a  fluid  suffers  Impediment  while  escaping  at  a  smell  aper- 
ture, it  encounters  much  greater  ohsiruclioa  in  effeetiag  iu 
pauaf  e  tbrongb  a  train  of  pipei,  or  Boviag  over  an  eitccided 
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This  TetRrdatioD,  however,  i«  quite  disltnct  in  its 
aatnre  from  ordinarj  friction.  When  a  solid  in  drawn  along 
tto  nrfaee  of  another  solid  bodjr,  it  is  virtually  made  to  a*ccnd 
ttTor  8  leriei  of  incliDcd  planes,  and  conscqaentljr  the  impedi- 
neat  it  meets  with  may  be  viewed  as  merely  equal  to  a  cer- 
tain portion  of  its  weight,  independent  of  Ihe  rapidity  or 
stowness  of  the  tnolion.  Itut  a  fljid.  in  its  passage  oiera 
roibting  surface,  needs  not  have  its  whole  mass  either  elevated 
ar  depressed.  Those  panicles  only  which  come  in  saocesNton 
to  toDch  the  solid  boandary.aro  impeded  and  detained.  The 
pressure  of  the  incambeni  fluid  cannot  affect  Ihe  other  parti- 
cles, which  ate  ihen  arged  equally  in  every  direction.  The 
U>»a  of  impulse  which  «  current  sustains  from  the  attrition  of 
the  sides  of  a  pipe  or  of  a  canal,  is  occasioned  by  the  incessant 
stoppage  of  the  extreme  particles.  This  consumption  offeree 
nssl  hence  be  compounded  of  the  number  of  particles  arrested 
in  a  given  time,  and  of  Iheir  velooity,  and  is  therefore  propor- 
tional to  the  square  of  their  velocity.  But  the  retardation  of 
llw  enrrcni  must  likewise  depend  on  tlic  eittent  of  impeding 
iaRaence,  thai  is,  on  the  length  of  the  pi|>o.  and  on  the  relation 
wbieb  the  interior  surface  bears  to  its  whole  capacity.  But 
the  square  of  the  velocity,  with  which  the  stream  first  issues 
from  the  cistern,  being  proportional  to  the  altitude  of  the  in- 
onnbent  column,  a  certain  part  only  of  this  constant  inciting 
fotee  is  employed  in  generating  the  initial  velocity,  while  the 
rMt  ia  expended  in  renewing  the  velocity  as  fast  as  it  expires, 
alongthesidcsoflbechaonel,ot  inmaiutaiaingthroagb  the  mass 
a  general  uniform  Uow. 

Itbas  been  ascertained  by  experiment,  that  water  has  its 
celerity  diminished  eight  times  by  passing  through  a  tube  of 
an  inch  in  diameter,  and  S(H  feet  long.  Ofsixti-^ur  parts  of 
compressinn,  one  part  only  had  therefore  created  the  motion  of 
th«  fluid,  while  sixty-three  parts  are  required  to  support  it. 
Tbts  moiioii  is  hence  renewed  eight  tiroes  during  the  passage 
of  the  water,  or  at  the  Interval  of  25)  feet  through  the  whole 
extent.  In  each  of  these  successive  transits,  all  the  central 
particles  must  be  thrown  towards  the  sides  of  the  pipe,  whence 
they  are  again  drawn  into  the  body  of  the  stream,  and  there 
aoqnire  new  celerity.  The  celerity  is  lost  and  regained  close 
to  the  iuterior  surface,  within  a  very  small  but  limited  space. 
Wherefore,  from  the  fandamental  principle  of  dynamics,  the 
■qnare  of  the  velocity  acquired  or  extinguished  must  be  as  the 
prodact  of  the  inoiling  force  into  the  limit  of  its  action.  Tlie 
square  of  the  velocity  hence  saBers  a  diminution  proportioned 
to  the  extent  of  surface  compared  with  the  capacity  of  the  pipe, 
or  it  is  directly  as  the  length,  and  inversely  as  the  diameter. 
Bat  the  pressure  of  the  water  has  no  effect  whatever  in  causing 
this  reduction.  Thus,  resuming  tbe  same  example,  let  the  pipe 
of  an  inch  wide  and  304  feet  long  be  fed  by  a  cistern  of  ten 
■ncbes  altitude,  and  the  qaantfty  of  discharge  noted.  Raise 
this  eistern  now  to  twenty  inches,  and  turn  up,  by  a  soft  bend, 
tbe  forther  extremity  to  the  height  of  ten  inches,  and  the  cor- 
responding flow  will  be  still  the  same.  luerease  the  altitude 
of  the  cistern  to  one  hnndred  inches,  while  the  remote  end  is 
bent  with  an  elbow  to  the  height  of  ninety  inches,  leaving  still 
tbe  same  excess  or  exciting  force,  and  tbe  quantity  of  discharge 
will  be  found  not  to  vary. 

Fluids  by  their  pressure  may  he  conveyed  over  hills  and 
vallays  in  bended  pipes,  10  any  height  not  greater  than  the 
level  of  the  springs  whence  tbey  flow.  Of  this  fact,  tbe 
nneiMts  were  altogether  ignorant.  The  expedient  ot  agueducli, 
(vast  rows  of  arches,  one  above  another  between  two  hills,) 
wu  therefore  resorted  to  at  an  enormous  expense,  both  of 
monej  and  laboar.  In  order  to  convey  water  across  the  valley 
beneath. — Rat  we  have  already,  under  the  word  Aqueduct,  said 
so  mnch  on  the  oonduil  of  water,  that  we  shall  here  conGae 
ourselves  chiefly  to  the  modern  melbod  of  laying  down  service 
pipes  for  tbe  supply  of  water  to  cities. 

The  pressure  of  fluids  aSbrds  the  means  of  conveying  Ihem 
frooi  one  place  to  another,  although  considerable  inequalities 
in  the  snrfaoe  of  the  ground  intervene  between  the  places. 
Water,  for  example,  may  be  conveyed  from  a  reservoir  across 
a  Talley,  or  to  any  distance,  either  by  means  of  open  canals, 
aqueducts,  or  closed  pipes,  provided  the  reservoir  he  situated 
somewhat  higher  than  the  level  of  the  place  at  whioh  it  is 
wanlwl. 


Thus,   snppose  there  is  a  spring  at  A,  on  oaa  aide  of  Ihi 
valley  t>,  as  in  the  annexed  figure,  and  a  bouse  o»  the  other, 
at  which  tbe  vvaler  of  At 


than  tbe  spring,  the  wain 
may  be  convejpd  to  il>y 
an  iron  or  iMdeo  pbpe, 
proceeding  froia  Ibe  sfuiag 
aeross  Ibe  vallep^  as  mtba 

The  depth  of  the  valley  must;  however,  be  taken' wto  ooasU 
deration,  in  order  to  make  the  pipe  of  suScient  .atrc^lh  la 
resist  the  pressure  of  the  water,  which  depends  entjrcly  oa  hs 
depth.  Iftheloweit  part  of  the  valley  bo  aansidcntbly  nafa 
the  spring,  Ihe  pipe  must  be  made  very  atroag  at  tbe  lewHt 
part,  or  else  it  will  burst. 

When  an  uninterrupted  declivity  cannot  bo  abtfipvd,  it  is 
necessary  to  employ  pipes,  which  may  be  beut  upwaids  « 
downwards  at  pleasure,  provided  that  no  part  of  th^^  be  DMrt 
than  thirty- two  feet  above  the  reservoir,  and  i>b«nM>>  pipa  is 
once  filled,  the  water  will  continue  to  flow  fnMa,.tlka  lewii 
orilice  ;  but  It  is  best  in  all  sucb  cases  to  nitiid  p—rnaailij 
angles;  for  when  the  pipe  rises  and  fall*  again,  k  potfton  ti lk» 
air,  which  is  always  contained  in  water,  is  frequeo^  nwltactnil 
in  the  angle,  and  very  materially  impedes  the  pcyatca*  aftbe 
water  through  the  pipe.  When  the  bent  part  w  viioUj  bdaa 
the  orifices  of  tbe  pipe,  this  air  may  be  diKhuftii^by  TiripM 


methods.    The 


used  small  upright  pipea, 


^'2: 


wasting  any  of  the  water. 

impoaaibli 


uflering  the  air  to  etoffe  w. 
It  may,  however,   CnMnaally,^ 
'  thijiifciDdihr- 


apply  a  pipe  of  tb'uA  ,  - 
purpose  ma,y  be  answered,  by  fixing  on  tlie  iMpia  a  has 
containing  a  smalt  valve,  which  opens  downwarda-^adisM^ 
ported  by  a  Qoat,  so  as  to  remain  shut  while  tbe<b9j(i  ia  Mttrf 
water,  and  to  fall  open  when  any  air  is  coUeoted  HUfiL'  'Du 
A,  in  the  following  figure,  is  a  box  of  tJiu  kind,  WfJLh  a  raht. 
supported  by  a  hollow  ball,  for  letting  out  air  from  |i|MhiKkM 
It  ■•  below  the  level  of  the '- 


U  the  pipe  were  formed  into  a  syphon,  faavia^'iiu  Aeon 
above  both  orifices,  it  woold  be  necessary  to  bead  itm^mnti 
at  tbe  extremities,  in  order  to  keep  it  alwaja  FuiL'^fcA  hflii 
case  the  BecuaulatioB  of  the  air  would  bo  extraoM^taoa^ 
nient,  since  it  would  collect  so  mnch  tbe  more  copioda^yjai'At 
water  in  the  upper  part  of  tbe  pipe  wonM  be  wovoiftae  Mb 
preBaor»i  aa^naitbiv^ 
the  vetiscHla.a 
been  meDtia44_ 
of  any  wae  jn<c 
it.    It  baa  beei 


rrf'neMI'VB 


order  to  onrrril 

it ;  but  it  might  be  still  simpler  to  have  a  pretty  lar^ 
water  screwed  on  to  the  pipe,  which  woald  not  Iw  A 
air  for  a  considerable  time,  and  which,  wb«n  fMi  algltt* 
taken  off  and  replenished  whh  water.  This  iHiitlilMLii  ti 
repreiented  by  the  figure,  where  B  ia  a  inaaii  of  «Mcr, 
serewad  on^or  reortottf 
the  air,  to  b«  wplaaMi* 
with  water  n  It  teeaMd 

Wten  thw-watar  taa 
a  reservoir li^eonitw* 
in  Ions  borifeoMal  p^ 
of  the  aaao  wftHHn, 
the  (Usehargas  Bkdito 
equal  tiaieatiiu  warfyh 
the  inverse  ratio  of  tbe  square  roots  of  nie  lenglM,  - 

Thus,  if  there  be  two  pipes  of  tbe  sane  apertam,  oae  if 
which  is  49  and  the  other  30  feet  long,  the  dtiefaatwe  Aoa  tkt 
former  will  be  to  that  from  the  latter,  aa  tbesqvarvrtMdftf 
to  the  square  root  of  36,  or  as  7  to  fl ;  tberefofe*  tbe  qqaatftf 
discharged  from  the  shorter  pipe  will  be  f  of  that  iliinlwiii 
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from  th«  looker  ooe.  It  is  here  sapposed,  that  the  pipes  to 
which  Uiis  rale  is  applied,  are  not  ^ery  unequal  in  leni^th  ;  and 
even  then  the  rule  only  affords  an  approximation  not  deduced 
from  principle,  hut  derited  immediately  from  experiment. 
Bossut  has  liten  a  tahle  of  the  actual  discharfces  of  water 
pipes,  as  far  as  the  length  of  2340  toises,  or  14950  English  feet, 
out  it  is  too  extensive  to  he  inserted  here. 

If  the  Quantity  of  water  discharged  hy  a  pipe  of  a  given 
length,  be  known  by  experiment,  we  may  find,  by  the  foregoing 

Cropositlon,  the  c|uantity  discharged  hj  a  pipe  of  any  other 
»ngth.  The  diminution  of  velocity  being  greatest  when  the 
hewi  of  water  is  small,  we  may  conceive  the  head  of  water  to 
be  reduced  to  such  a  degree,  that  the  velocity  with  which  the 
water  enters  the  pipe  is  not  sufficiently  powerful  to  overcome 
the  resistance  arising  from  the  friction  upon  the  pipe,  and  the 
motoal  cohesion  of  the  particles  of  water.  In  order  to  examine 
this  point  experimentally,  M.  Bossut  employed  a  head  of  water 
only  16  lines,  from  which  the  water  flowed  into  two  pipes, 
whose  length  were  a  hundred  and  eighty  feet.  In  this  case, 
the  water  was  discharged  in  the  form  of  a  narrow  fillet,  and  the 
drops  socceeded  each  other  almost  as  if  they  were  insulated 
bodies.  Hence  it  follows,  that  in  order  to  have  a  perceptible 
and  continuous  discharge  from  pipes,  there  should  be  a  head 
of  water  of  about  20  lines  in  180  feet.  If  the  current  of  water, 
however,  be  very  large,  such  a  great  declivity  as  this  will  not 
be  necessary. 

Pipes  are  usually  made  of  wood,  of  lead,  or  of  east  Iron :  but 
commonly  of  lead ;  and  of  late  tinned  copper  has  been  em* 
ployed  with  considerable  advantage.  A  pipe  of  lead  will  bear 
tiM  pressure  of  a  column  of  water  100  feet  high,  if  its  thickness 
be  one-hundredth  of  its  diameter,  or  even  less  than  this ;  but 
when  any  alternation  of  motion  is  produced,  a  much  stronger 
pipe  Is  required ;  and  it  is  usual  to  make  leaden  pipes  of  all 
kinds  far  thieker  than  in  the  above  proportion. 

We  have  already  illustrated  the  velocity  and  discharge  of 
water  throogh  pipes  and  eonduits,  and  noticed  the  retardation 
to  wbioh  the  fluid  is  exposed.  Now,  if  we  conceive  a  rectan- 
gular channel  to  have  a  section  equal  to  the  circle  of  the  pipe, 
while  Its  bottom  and  sides  are  equal  to  the  circumference,  the 
retardation  of  the  current  would  be  exactly  the  same.  Hence, 
the  fourth  part  of  the  diameter  will  be  equal  to  the  quotient 
of  the  section,  by  the  compound  measure  of  its  bottom  and 
•Mes,  which  Is  called  the  mean  hydraulic  depth ;  and  hence 
Much  less  obstruction  is  encountered  along  an  open  course, 
than  within  a  close  pipe,  or  about  three  times  the  square  root 
of  the  depth. 

The  OMitloB  of  a  fluid  is  further  obstructed  by  any  violent 
ehange  of  celerity  or  direction ;  whether  the  channel  be  eon- 
tnMrtcd  or  eolarged,  the  change  is  unavoidably  attended  hv  a 
pffoportlonal  loss  of  impulsion.  Any  sharp  flexure  of  the  pipe 
or  condvit  will  occasion  a  still  greater  waste  of  the  inciting 
force.  The  diminution  of  the  square  of  the  velocity  is  ex- 
pfcssed  by  the  product  of  that  si^uare  into  the  square  of  the 
^oe  of  the  angle  of  deflexion,  divided  by  the  constant  number 
SIO.  With  a  deflexion  of  30  degrees,  the  velocity  would  there- 
fore lose  only  the  2160th  part ;  but  if  the  tube  branched  00*  at 
right  angles,  the  retardation  would  amount  to  the  540th  part. 
Bvery  contraction  or  enlargement  of  the  pipes  requiring  a 
correspoBding  change  in  the  celerity  of  the  water,  must  like- 
wise create  an  expense  of  force,  though  this  eifect  could 
■oarcely  he  reduced  to  calculation. 

Water  Is  subject  in  its  motion  through  pipes  to  another 
iflHpedimeot,  owing  to  the  air  which  constantly  separates  from 
it  and  collects  in  all  the  upper  sinuosities  of  the  train,  as  already 
swticod.  This  accumulation  is  most  copious  whenever  the 
aopply  of  water  happens  to  be  insufllcient  to  flll  the  whole 
emttot  of  cavity.  To  remedy  the  defect,  boxes  of  cast  iron  are 
§xod  above  the  principal  incurvations  of  the  pipe,  to  receive 
the  eonpressed  air,  as  represented  in  the  last  figure,  and  by  the 
operation  of  a  valve  or  of  a  cock,  gradually  to  discharge  it, 
mthoot  allowiog  any  of  the  water  to  escape.  Of  such  air- 
vooels,  with  a  cylindrical  form,  four  fret  high  and  eighteen 
laches  wide,  fourteen  have  been  made,  for  the  pipes  which 
aapply  the  city  of  Edinburgh  with  water.  These  being  screw  ed 
at  the  suBBmit  of  each  declivity,  are  opened,  every  two  or  three 
4ajt,  hf  the  svvejor  of  the  works. 


The  present  supply  of  Edinburgh,  says  Leslie,  Is  brought  by 
two  trains  of  caiit  iron  pipes ;  one  from  Green  Craig  lo  the 
Castle  Hill,  26,9;K)  feet  long,  and  7  inches  in  diameter,  under  a 
head  pressure  of  404  fret;  the  other  from  Comiston  to  lleriot*s 
reservoir,  \3,5QO  feet  lung,  and  6  inches  wide,  under  a  load  of 
S8  feet.  The  former,  when  fully  charged,  is  found  to  deliver 
46,  and  the  latter  uiily  10  cubic  feet,  every  minute,  making 
together  66  feet,  which  furnishes  a  supply  of  80,640  cubic  feet 
in  the  space  of  twenty-four  hours.  This  amounts  to  scarcely 
three-fifth  parts  of  the  Quantity  assigned  by  the  formula*  The 
deficiency  must  be  attributed  wholly  to  the  imperfect  execution 
of  those  pipes,  their  uneven  interior  surface,  and  their  frequent 
abrupt  and  sudden  bendings. 

The  waterworks  now  designed  for  the  complete  supply  of 
Bdinburgh,  are  conducted  in  a  mueh  finer  style,  and  at  vast 
expense.  The  several  pieces  of  pipe  are  nicely  fitted  together 
by  spigot  and  faucet,  all  the  accidental  prominences  over  the 
inside  being  carefully  removed  by  chiseling.  The  pipes  exhibit 
no  visible  incurvation,  and  they  generally  are  laid  with  a  gentle 
uniform  slope,  the  ground  on  which  they  rest  being  loviered  in 
some  places  and  raised  in  others.  From  the  Crawley  Spring 
to  Straiten  March  Fence,  the  distance  is  18.300  feet,  with  a  fall 
of  66  feet;  and,  in  this  line,  the  pipes  vary  from  20  to  18  inches, 
in  diameter.  The  next  train  has  a  diameter  of  only  16  inchex, 
but  runs,  with  a  fall  of  286  feet,  throuih  an  extent  of 
27.000  feet,  being  conducted  by  a  tunnel  of  360  fathoms  length 
through  Heriot*:!  Ridge,  and  by  another  of  21K)  fathoms  through 
the  Castle  Hill,  till  it  reaches  the  level  of  Princc's-strcet  This 
elaborate  system  of  pipes  delivers  nearly  the  measure  of  water 
indicated  by  the  formula. 

It  has  been  computed,  that  the  quantity  of  rain  which  falls 
annually  over  any  city,  if  carefully  collected  and  deposited  to 
purify  in  cisterns,  would  be  sufficient  for  the  supply  of  the 
inhabitants,  at  least  in  all  the  essential  domestic  and  culinary 
purposes.  Venice  has  abundance  of  fine  soft  water  procured 
in  this  way ;  and  the  store  seldom  fails,  except  in  dry  season*, 
when  it  is  recruited  from  the  river  Urenta.  The  roof  of  a  lofty 
house  in  Paris,  containing  at  an  average  26  lodgers,  might 
deliver  annually  1800  cubic  feet  of  rain  water,  which  would 
furnish  each  individual  daily  the  fifth  part  of  a  cubic  foot,  or 
about  thirteen  pounds  avoirdupois, — rather  a  scantity  provi* 
sion,  to  be  sure,  according  to  our  modern  ideas  of  comfort ;  3  et 
Prony  reckons  ten  /tlrr#,  or  the  thousandth  part  of  his  modulus, 
as  a  sufficient  supply,  amounting  only  to  about  twenty-tao 
pounds.    See  the  word  Aqueduct  pp.  61—63. 

Since,  from  a  pipe  of  the  same  diameter,  the  discharge 
In  every  case  depends  on  the  relation  of  the  altitude  of  the 
source  to  the  length  of  track,  a  lower  elevation  may  frequently 
be  preferred  in  conjunction  with  a  shorter  train.  The  dimin- 
ished obstruction,  in  such  instances,  compensates  for  the  iufc- 
rior  pressure.  From  any  point  of  an  inclined  plane,  the  pipe 
would  convey  exactly  an  equal  lK>dy  of  water.  In  the  same 
train,  the  quantity  of  discharge  being  as  <l|,  must  increase  in  a 
faster  ratio  than  the  mere  section  of  the  pipe.  Hence  the 
manifest  advantage  of  emplo>ing  large  pipes.  For  the  same 
reason,  aqueducts  or  open  conduits  are  in  many  situations  to 
be  preferred.  When  these  contey  large  streams  of  water,  the 
attrition  of  tlic  sides  and  bottom  is  comparatively  small,  and 
they  require  very  little  descent  Such  durable  structures  are 
common  in  the  south  of  Europe,  and  often  display  much  archi- 
tectural symmetry  in  their  extended  and  imposing  ranges  of 
arcades. 

Circu!mr  Bdtins  and  Conduit  Pipes, — These  basins  and  pipes 
hear  a  lateral  pressure  proportioned  to  the  altitude  of  the 
column  ;  but  in  consequence  of  the  curvature,  this  pressure  will 
occasion  likewise  a  longitudinal  strain  or  distention.  And  the 
lateral  pressure  of  the  water  against  each  ring  of  the  cylinder, 

as  in  the  annexed  figure,  U  A  C,  produces  the 
same  effect  as  a  longitudinal  force  applied  to 
it  equal  to  the  weight  of  a  prism  restiof  on  m 
base  which  has  the  breadth  of  that  ring,  with 
the  radios  O  B  for  its  thickness.  Hence, 
the  strength  of  the  e}linder  is  in  the  com- 
ponnd  ratio  of  the  altitude  of  the  water,  and 
of  its  own  radius  or  diameter.  Similar  pipes 
will  therefore  bear  cqua!  pressures,  their  thickness  being  pro- 
6k 
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portioaed  ta  lb«  diameter.  For  example,  a  pipe  I  foot  diame- 
ter, aod  hait  an  iacb  (hiolc,  will  reiist  Ihe  Ibrust  of  the  aame  alti- 
tade  of  water  aa  a  pipe  of  the  lame  materials  3  feet  nide  bqiI 
1  inch  Uikclc.  Lead,  however,  has  only  oae-teothoftbe  teaacitj 
of  cast  iron,  and  Lberefare  a  pipe  of  that  soft  metal  ftill,  in 
timilar  cirnnmstancei,  require  to  have  ten  times  frrealer  thiclt- 
BBSi  in  proportion  to  its  dinmeter,  Iban  one  of  iron.  Such  is 
the  caae  with  a  pipe  cf  elm,  while  one  of  freestone  would  reqniie 
to  liave  its  thicliness  doubted.  A  pipe  of  cast  iron.  Mt  inohes 
diameter.and  linnh  tfaicli.sill  bear  a  pressure  equal  to  600  feet 
ia  altitude  ;  and  a  pipe  of  (he  same  diameter,  but  1^  inch  thicli, 
will  hear  a  pressure  or  straiu  of  1000  feet,  the  cohesion  of  cast 
iron  being  6000,  or  in  ila  greatest  reduced  state  2SU0  lbs. 

A  very  proper  way  to  try  the  ilreiigib  of  such  cast  iron  pipes 
is,  by  means  of  a  large  forcinf;  pump,  and  every  pipe  of  the 
nbove  dimensions  that  would  not  bear  the  pressure  of  a  column 
«f  water  respecUvely  of  the  altitudes  of  4U0  and  eOO  feet, 
ought  to  be  rejected  as  betrajing  Haws,  and  being  unsafe. 

A  pipe  of  lead  4}  diameter,  and  (  of  an  inch  Ihicli,  sustained 
only  the  thrust  of  172  feet  in  height  of  water;  a  pipeofnak 
Ifi  inoh  bore  diameter,  and  2  ioohei  thicit,  will  lustaia  a  column 
of  water  only  178  feet  bigh,  the  cohesion  of  oak  being  2316  lbs. 
The  cohesion  ofPorlladd  stone  is  only  857  lbs.  and  therefore  a 
pipe  1  foot  diameter,  add  1}  inch  thick  of  that  material,  will 
wslain  a  pressure  of  only  63  feet ;  hence  the  failure  from  frac- 
ture »nd  cbippinK.  of  those  handsome  stone  pipes  so  ingeni- 
ously cut  out  of  blocks  of.  freestone  in  a  series  of  cores,  by  the 
nppltcalioii  of  a  circular  saw,  as  in 

tUs  figure,   witere  O  B  repreaeols    T  " 

the  lariiest  or  first  cut,  OC  the 
trare  of  the  second  eul,  and  O  D 
(he  third  pipe  squared  out  of  the 
block  PORT. 

The  same  principles  regulate  tlie 
strength  of  a  circular  basin  confiD- 
iug  water.  The  perpendicular 
pressure  against  the  wall  depends 
indeed  merely  on  the  altitude  of 
the  fluid,  without  being  affected  by 
the  volume;  but  tbe    longitudinal 

cflbrt  of  tbe  thrust,  or  its  tGodcncy  to  open  the  joints  of  the 
-masonry,  is  measured  by  the  radius  of  the  circle.  To  resist 
that  BclioD,  in  very  wide  basins,  the  range  or  course  of  stones, 
along  the  inside  of  tbe  wall,  must  be  proportionally  thicker. 
On  the  other  hand,  if  any  opposing  surfsce  present  some  con- 
vexity to  the  pressure  of  water,  the  resulting  longitudinal 
strain  wilt  now  be  exerted  in  closing  the  joints,  and  consoli- 
dating the  building.  Such  reversed  incurvation  is  hence  gene- 
rally adopted  in  the  construction  of  dams,  the  bend  inwards  of 
tbe  arc  being  about  the  eightieth  part  of  the  length  of  its  chord, 
while  the  exterior  boundary  is  made  rectilineal. 

The  various  Hydraulic  Machines,  as  the  Si/ptim,  Archiinedei' 
Screw,  tbe  T'mpanim,   the    PiriitK  W/ieel.  Chain  and  Spiral 
J'umpt,  the  HuKgariaH  Machine,  Firt  Engine,  Hydi 
the  Danaide,  Ifc.  are  all  described  i 
tionarj  under  their  respective  word: 

HYDROCELE,  in  Surgery,  any  hernia  arising  from  water, 
but  is  particularly  nsed  for  such  a  one  of  the  scrotum. 

HYDRODYNAMICS,  treat  of thopowers, forces,  and  veloci- 
ties, of  nuids  in  motion. 

HYDROGEN.  It  had  been  long  known  to  the  chemists,  that 
»  rapoui  of  air  was  disengaged  during  the  solution  of  cer- 
tain metals  in  muriatic  or  dilute  sutphuric  acid,  that  it  burnt 
at  tbe  moathoftbe  phial,  and  if  mixed  with  atmospheric  air, 
exploded  when  kindled  by  a  match.  This  substance  forming 
water  when  combined  with  oxygen,  and  being  therefore  the 
ladicalof  that  compound,  the  name  hydrogen  was  give  a  (o  it 
at  tbe  formation  of  the  new  nomenctdtnre.  It  is  always  ob- 
tained from  tbe  decomposition  of  water.as  it  cannot,  from  other 
anbstaDces  in  which  it  exists,  be  easily  disengaged  in  perfect 
purity.  Some  substance  is  made  fo  act  on  water,  which  exerts 
.an  attraction  to  tbe  oxygen,  without  combining  with  tbe  hj- 
drogea,  when  of  course  the  hydrogen  is  disengaged,  and  passes 
jnto  the  elastic  form.  If  a  coil  of  iron  wire,  or  a  quantity  of 
.(HKiAliitfflfbe  pulinloaoiroaoreoatedglaM.  or  oartbeaiube 


s  parti  of  this  Dic- 


which  is  placed  aeross  a  imall  famao  ,  aiul  tanoao  'ed  aitk 
burning  fuel,  so  as  to  be  broaght  to  a  rad  lieat,  on  ■<■  ■''"■!( 
water  from  a  retort  connected  with  it,  the  iMpoar,  in  passiif 
over  tbe  surface  of  the  ignit  d  iron,  is  deooBipoaed,  Ibe  ina 
attracts  its  oxygen,  and  bydrogeo  gai  i»snes  froai  tbe  extreoa- 
ty  of  the  tube. 

This  process  is  H  troublesome  one,  and  by  tbe  apoey  of  h 
acid,  water  is  decomposed  ai  rapidly  by  iron  or  aiac,  at  a  aata- 
ral  temperature.  Zinc  affords  tbe  bydrogtsn  in  the  greatest 
purity.  One  part  of  it,  iu  small  pieces,  is  put  into  a  reUrt, « 
a  bottle  with  a  bent  tube  adapted  to  it ;  two  parta  of  snlffcaiic 
acid,  previously  diluted  with  five  tioies  its  woight  of  water,  •(• 
poured  upon  it,  an  effervescence  is  immediately  ezoited,  bjdia- 
geii  gas  escapes,  and  is  to  be  ooUeoied  in  jara  filled  with  vatsr. 
Tbese  co-operating,  produce  a  ternary  comhiBatioa,  while  dM 
hydrogen  gas  is  diseogs^ed.  HydroK«B  pw  ia  petmaiuatij 
elastic.  When  collected  over  water,  it  is  obaervod  to  have  ■ 
peculiar  smell,  slightly  fetid.  It  is  tbe  lightest  of  tbe  gan*, 
and  indeed  the  lightest  lubstance  whose  gravity  ean  be  iiiii 
tained  by  weighing.  Its  specific  gravity  vaiiea  ooasideiablf, 
according  to  its  state  with  regard  to  humidity,  Wbca  it  hat 
been  transmitted  through  water,  it  is  about  ten  times  ligUct 
than  atmospheric  air ;  when  it  has  been  received  over  nairfcii 
ver,  and  exposed  to  any  substance  wbicb  attracts  water  streif* 
ly,  it  is  near  13  times  lighter.  It  is  from  Ibis  levity  tbatilwv 
applied  with  success  to  the  construction  of  ballooos. 

After  it  was  first  discovered  tbat  oxygen  and  hjdrof  an  gases 
by  combustion  produced  water,  the  Frenoh  cbemiata,  to  vcnff 
the  experiment,  made  an  ImmeBse  reservoir  of  oxygen  gas,  sari 
another  of  hydrogen  gas,  and  caused  a  aaaall  airesMS  fiws  caci 
to  meet  and  inflame,  and  so  to  continne  for  several  daja.  nt 
result  was  a  large  quantity  of  excellent  water.. 

The  chemical  property  by  which  bydrof  en  naa  is  Boal  caa- 
nently  distingoished,  is  its  great  in  Q  a  mm  ability.  WbM  as 
ignited  body  is  approached  to  it  in  oontaet  with  tke  atve- 
aphere,  it  is  immediately  kindled,  and  ooatiases  to  ban 
while  tbe  air  is  admitted ;  if  previously  mixed  with  ■■•■ 
spheric  air,  and  a  burning  body  approached  to  tbe  mixlarc,  <r 
an  electric  spark  sent  through  it,  it  instantly  inflsMes  wA 
detonation;  and  when  it  has  been  nixed  witb  oxygen gM, As 
detonation  is  more  violent.  Tbongh  hydrotcen  gas  be  iiiia- 
mable,  it  is  incapable  of  supporting  the  eombnalson  ef  MlH 
inflammables.^  This  gas  is  iocapableof  sapporling  aranllitt 
by  respiration ;  an  animal  immersed  in  ft  Ls  soon  kilM.  it 
tie  same  time,  it  does  not  appear  to  be  so  poiitivelj  ilnlsiwi 
ous  as  the  other  noxious  gases.  Rosier,  even  after  axpslfaf 
the  air  from  the  lungs,  breathed  hydrogen  gas  far  aatssl 
respirations.  It  is  not  noxious  to  vegetable  Ufe:  at  IbesMi 
time,  it  appears  to  contribute  little  to  tlw  novrisbaeotafflwls- 

tlydrogen  gas  is  so  sparingly  soluble  in  water.  Ib^  afcsa 
agitated  witb  it,  it  suffers  no  perceptible  diminotion  of  valnM. 
The  affinities  of  bydrmsen  seem  prInoipallT  exerted  towsrii 
iuftammable  bodies.  Hydrogen  gas  is  fooacl  collected  ttum'" 
mines,  derived  probably  from  the  deeoKposiijon  ofwakrky 
metals ;  it  is  known  to  the  miners  by  tbe  naine  of  fire  dM^ 
and  is  often  the  cause  of  accidents  from  ex|rfoding  oa  tlB 
approach  of  an  ignited  body,  It  is  also  extrionted  tnmMf- 
nant  water,  and  from  marshy  silnaliona,  from  tlie  aiow  dessM- 
position  of  vegetable  and  animal  Bobatanoes.  From  its  kviljil 
has  been  supposed  that  the  •quantity  of  it  tbas  prodnead  at  Ibr 


surface  of  the  earth. 


r  regions ; 


1  on  its  prese 


eoTik 


occupy  the  higher 

phenomena  of  meteorology,  particulariy  tbe  aadden  iWM^ 

aoce  of  some  fiery  meteors,  have  been  auppoaed  to  daneM, 

HYDROGRAPHY,  the  art  of  m  "■        ~'      ' 

sea,  rivers,  lakes,  and  oanals. 

HYDROMETER,  an  instnunent  forn 


■ppnMdi 


it  is  sometimes  nsed  iDdtffereatiy  for  ri 

Hr.  Clarke  constructed  an  hydrometer,  sbewiag  m 

spirit!  be  proof,  or  above  or  below  proof,  and  in  wbatdLs-.- 
Tbt«  instrument  was  made  of  a  ball  atoofipatf  Qiatmmeintl 
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tebibcs  apirilnoas  llqaora,  utd  k'"**  ^  Bpt  to  break,)  to  which 
il  (otdered  n  bnus  wire  about  a  quarter  of  an  loch  Ibfok  j 
■pon  tUa  wire  U  marked  the  point  to  whieh  it  exactly  unka  In 
proof  splriu ;  as  alM  two  other  maika,  one  above  and  one 
bdow  (he  fonner,  exactly  aniwerable  to  oat  tenth  sbo*e  praof 
woA  aae  tenth  below  proof.  There  are  alio  a  aoBiher  of  Hnall 
weiKbti  made  to  add  to  It,  lo  a«  to  aaawer  to  the  other  dcf  reca 
of  itren^h  bealdea  thotc  above,  and  lor  delemiiUDK  the  apeoi- 
Aerravitj  of  different  Aaidi. 

Dr.  DeaaguUen*  hydrometer  determiaea  the  apeolBc  fcravitiei 
of  different  watera  to  aaeb  a  dei^ree  of  bIccIj,  that  it  abewi  wbea 
one  kind  of  water  ia  but  the  40,000  part  heavier  than  anoiber. 
It  eooaitta  of  •  boUow  ball  of  about  three  incbei  Id  diameter, 
charfod  with  diot  to  a  proper  decree,  and  h«Ting  Gxed  in  it  a 
loaf  and  totj  alender  wire,  of  oDly  the  40th  part  of  an  inch  in 
diameter,  and  divided  into  leotiuof  inches,  each  tenth  uiiwer* 
ioc  to  the  40,0001b  aa  ^kitc. 

ifiehaltan  made  an  improvement  bj  which  the  hydrometer  ia 
adapted  to  the  general  porpoae  of  finding  the  apeeific  gravity 
lioth  of  aolids  and  floidi. 

A  ia  a  hollow  ball  of  oopper,  B  a  diih  afxed  to 
the  ball  by  a  (hort  alender  atem  D ;  C  is  another 
aflxed  to  the  oppoaite  side  of  the  ball  by  a  kind 
«f  atirmp.  In  Ibe  inatroment  aotnali^  made,  the 
■tern  Disofhardencd  steel  4  ofau  inch  ID  diameter, 
and  the  dirii  C  ia  ao  heavy  aa  in  all  cases  to  keep 
Ibe  atem  vertical  when  the  Inatroment  ia  made  In 
Seat  in  any  liquid.  The  psrta  are  so  adjuated.  that 
Ike  addltioi  of  1000  gralD*  In  the  apper  dish  ~ 
wfll  Jut  rink  it  is  distilled  water,  at  the  (empei 
tare  of  M)P  of  Fabrenheit'a  thermometer,  so  me  diat  the  aurfaoe 
ahalj  Intersect  the  middle  of  the  atem  D.  Let  it  now  be 
nqolred  to  And  Ibe  (peciSo  fravity  of  any  laid.    Immerse  the 


tydrometer  ia 
«eifiG  gravity 


It  In  it,  nnd  by  plaeTng  woighu  in  the  dish  B 
to  Boat,  so  that  the  iniddte  of  its  atem  O  ahall  be  cut  by  the 


to  the  weight  need  in  prodncing  the  last  eqnilibi 
welgbtofaiiBantlty  of  distilled  water  displaced  by  Ihe  OoatiDg 
Instniment,  to  the  weight  of  an  equal  bulk  of  Ihe  fluid  amter 

*iBatiaa.    And  thM«  weights  are  in  the  direct  ratio  of  the 

b  gravities. 


•tarn,  by  adding  weicht  in  the  same  diih.  Subtract  (hoee 
weights  fVom  1000  grains,  and  the  remainder  will  be  the  weight 
•f  tie  body.    Place  now  the  body  In  the  lower  dish  C,  and  add 


ttMaiMd.    The  * 


■■•(ala  hjr  immersion,  and  Is  the  weight  of  an  equal  balk  of 
water.  Conseqnently  the  speeiflc  gravity  of  the  solid  is  to  that 
•f  water,  as  the  weight  of  the  body  to  the  losa  occasioned  by 
Ifee  immeraton.  litis  Instrument  was  found  to  be  aaMciently 
■Mania  to  give  welghta  troe  to  kaa  than  one-tweutietib  of  a 
rtaln. 

HTDROPHILUS,  in  Natnral  History,  a  genus  ofinaeetaof 
Ike  order  of  eoleoptera,  that  lababit  ponds  and  stagnant  waters, 
wheretteyswinwith  mnehdeKterily  1  t&ey  fly  abroad  by  itii^t 
!■  aeareh  of  other  waters. 

RTDROPHOBIA.anavertioBOT  dread  of  water;  atenible 
ayiMtom  of  the  rabies  canina. 

HTOKOSCOPE,  an  lailtvment  anciently  used  for  the  mea- 
aw ring  o(  time.  The  hyitroacope  was  a  kind  of  walcr-ctook, 
•OQMsting  ofa  graduated  cyliodrical  tube,  corneal  at  Ibe  bot- 
foat,  or  marked  oat  with  divisiona.  lo  which  the  lop  of  the  water 
becoming  aveeeasively  oontiguons  as  It  trieUed  out  of  the  ?ar- 
Mx  of  the  cone,  pointed  out  Ibe  hoar. 

aTDROSTATICS,  la  the  science  which  treaU  of  the  meeha- 
■ieal  properties  of  tluida.  Strieily  apeaking,  the  weight  and 
•qaOibrinm  of  Bnida  at  rest,  are  the  object*  of  this  sdence. 
When  the  eqnilibriam  Is  destroyed,  motion  ensues;  and  the 
which  coBsiders  the  laws  of  fluids  in  medon,  ia  by- 


A  laM  b  a  body  wiraae  parte  yield  to  any  Impresa laa,  aad  In 


yielding,  are  easily  moved  against  each  other.  Fluids  are  tf 
two  kind* ;  non-elastic  and  incompressible  fluids,  sack  a* 
water,  oil,  mercury,  &c, :  and  elastic  and  oompreaaiWc  fluidl^ 
such  as  air  of  different  sorts. 

Hodorn  philosophers  auppoae  that  a  certain  portion  of  bea^ 
combined  lo  aome  way  or  olbet  with  bodiea,  occaaions  flaldity, 
end  that  the  relative  portiona  of  heat  contained  in  fluida  aaa 
solids,  is  the  canie  of  the  dilTerence  between  tbem.  And  it  it 
from    the  imperfect   cohesion  of  fluids,   that,  when  in    tnuM 

Suaaliiics,  they  arrange  themtelvcs  ia  a  spherical  manner,  aal 
)rm  drops. 

A  portion  of  fluid  gravitates  in  another  when  surrounded  by  • 
larger  portion,  in  the  same  way  as  if  it  were  in  air.  Bu'  floidt 
have  Ibis  remarkable  properly  also,  that  they  press  not  only  ia 
common  with  aolids  perpendieularly,  but  alae  upwards,  atda- 
waya.  and  in  every  direction  equally.  Take  a  glasa  tube  opm 
at  both  end*,  and  stopping  one  end  wiih  your  finger,  immetfe 
the  oIliCT  in  water.  The  water  will  be  preteated  from  riainf 
far  in  the  tube  by  the  air  which  ia  coouined  in  it;  bot  if  yoa 
take  away  your  Bnger  from  the  opper  end.  the  air  within  Iha 
tnbe  will  be  suffered  to  escape,  and  the  water  will  rise  in  tke 
tube  to  the  ismc  level  as  it  is  in  ibe  vessel,  being  pressad 
npwards  by  the  surroondinf;  waler.  The  same  effect  will  taka 
place,  if  )  ou  ioclioe  Ihe  lube  in  any  direction  ;  or  if  yon  make 
use  oFtubes  bent  In  any  manner  1  still  yoa  will  Bnd  ihal  the  water 
within  them  »ill  rise  lo  the  same  height  as  in  Ihe  external  vea- 
sel.  From  ihis  property  it  is,  that  if  vou  bore  a  bole  in  tha 
side  of  a  vessel  filled  with  water,  the  fluid  will  spout  out. 

A  fluid  presses  in  proportion  to  its  perpendieolar  height,  amt 
the  base  of  the  vessel  containing  it.  without  any  regard  to  Um 
qoanlity  :  for  as  fluid*  press  eqnnlly  in  even  direetion,  Ika 


The  pressure  exerted  against  Ihe  bottom  of  a  vessel  is  la 
nowise  augmented  by  its  spreading  shape.    Thus,  in  the  renel 
A  B,  fig.  1,  the  bottom  B  C  soilalns  a  pressure  equal  to  tke 
Fig.  I,  Fif.  a. 


column  whose  base  is  C  B,  and  height  C  B,  aad  not  aa  the  wkola 
quantity  of  fluid  contained  in  the  vessel.  Also  in  Ibe  vesasl 
F  G.  fig.  2,  the  bottom  O  H,  sustains  a  presanre  equal  to  what 
it  would  be  if  the  vessel  were  as  wide  at  ibe  top  aa  it  1*  at  Iho 
bottom. 

This  vci^  singular  and  important  conclusion,  that  the  prea- 
sure  of  a  liquid  upon  the  bottom  of  any  vessel  depends  mer«l|r 
on  ita  altitude  and  the  surface  of  its  base,  might  be  derlvad 
from  simpler  hut  indirect  cons  {derations.  Suppose  the  por- 
tion of  a  liquid,  which  encircles  the  vertical  cylinder  f  C  B. 
(as  in  the  annexed  flgnre,)  to  be  frosen  or 
-.  „  converted  into  a  solid  substance,  bnt  witboat 
changing  its  density ;  the  pre*(ure  of  tUa 
congealed  mass  would  evidently  contlaae 
the  same  a*  before,  and  therefore  the  bot- 
tom ha*  only  to  aoslaia  the  weight  of  tha 
cylindrical  column  which  rests  immediately 
■poa  it.  If  the  lateral  ice  were  again  omM- 
ed,  it  woald  assoioe  its  horisontal  thrast. 
which  could  not  alter  the  vertical  pressure 
of  the  liquid.  In  like  manner,  if  FO  M  was* 
a  cylinder  of  liquid  resting  upon  a  drcalnr 
base,  and  the  portions  F  O  K.  L  H  O  abant 
the  side*  were  rendered  solid  or  oongealed,  without  altemttaa 
of  deaaity,  the  reanUlag  portion  O  K  L  H  will  tvUwtly  a»rt 
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the  same  preiiare  «i  before ;  and  (be  iDcarred  sides  K  G.  L  H 
prodaco  ttn  effect  anatogons  to  the  load  of  the  supposed  frozeo 
masses  F  G  K,  L  H  O. 

Suppose  any  iaterior  portion  of  a  liquid  to  become  solid  ;  it 
would  evidently  lemain  id  the  same  stale  of  iedifference  or 
equilibrium  as  before.  It  must  therefore  be  borne  ap  by  the 
vertieal  pressure  of  the  fluid  with  a  force  just  equal  to  its 
veight,  or  the  wei^bt  of  the  liquid  whose  place  it  occupies. 
Coaceive  this  oongealed  mass  to  have  its  gravity  aagmentcd 
or  dimiDiihed ;  it  mast  evidently  be  pulled  downwards  or  up> 
wards  by  the  difference  between  this  force  and  the  weight  of 
ao  equal  bulk  of  the  liquid.  Subslllate  any  solid  body  instead 
of  this  block  of  ice,  and  (hr  Ion  of  weight  it  ivfftn  by  tht  immer- 
sioH  will  b4  tqual  to  that  of  the  volume  of  Jluid  vihich  it  ditplacit. 
This  fundarocDtal  property,  first  detected  by  the  geQius  of 
Archirociles,  may  be  demonstrated  by  a  stricter  process  of 
reBSoning.  Let  a  cylindrical  body  FEGH,  be  plunged  verti- 
cally in  a  vessel  CABD.  filled  with  water  or  any  other  liquid; 
tbe  lateral  pressure,  acting  eaaally  around  the  axis,  will  evi- 
dently produce  a  complete  balance  of  efforts.  But  the  cylinder 
will  be  pushed  upwards  by  a  column  of  fluid  having  I  E  for  iis 
altitude,  and  the  circle  .EG  for  ils  base,  and  pressed  down- 
wards again  by  the  circular  column  I  F  H  K.  The  solid  is, 
Iherefore,  buoyed  up  by  the  excess  of  the  former  force  above 
the  latter,  or  by  the  wei);ht  of  an  equal  cylinder  FEGH  of  the 
liquid.  In  fhot,  the  solid  body  loses  by  immersion.  Just  as 
mnofa  weight  as  that  of  an  equal  volume  of  tbe  lurrounding 
fioid ;  and,  on  tbis  principle,  is  founded  the  method  of  ascer- 
tainioK  the  density  of  a  body,  or  the  relation  of  ils  weight  to 
it*  bulk,  which,  in  reference  to  some  common  standard,  is 
lermnd  Its  tpicific  gratttif.  Water,  at  its  state  of  greatest  con- 
traction, is  preferred  at  the  most  convenieot  unit  of  eompari' 
•on,  the  density  of  other  bodies  being  reckoned  in  decimal 
parts.  The  Ht/drottatic  BaUnct  is  generally  used  for  tbii  pur- 
pose. The  lUbilaDGe  to  be  examined  may  be  either  liquid  or 
■olid.  The  specifio  gravity  of  liquids  is  easily  determined,  by 
means  of  a  ball  or  pear-shaped  lump  of  glass  or  crystal,  cither 
partly  hollow  or  loaded.  Tliis  poise,  suspended  by  a  hair  or 
fine  thread,  is  weigbed  in  bocuo  or  in  air,  then  in  pure  water, 
attd  nest  in  the  paiticniar  liquid;  the  loia  of  weight  which  it 
■nVera  in  water  u  to  its  loss  in  the  fluid  under  trial,  as  unit  to 
tbe  specific  gravity  of  this  ftoid.  The  calculation  is  sometimes 
carried  to  ^e  places  of  decimals;  though  it  is  seldom  safe  or 
expedient  to  push  them  beyond  three  figures.  If  the  lamp  of 
glass  were  groand  to  snch  a  size  as  to  lose  exactly  a  thousand 
or  ten  thousand  grains  in  distilled  water,  no  computation  would 
be  required,  its  loss  of  weight,  by  imuiersioii,  indicating  at 
ooce  the  specific  gravity  of  the  liqoid. 

This  leads  to  iihat  is  called  the  HydroMlatieal  Paradox, 
which  is,  that  a  small  quantity  of  fluid  may  be  made  to  couo- 
tcraoise  the  greatest  quantity. 

Thus,  if  to  a  wide  vessel  A  B,  joa  attach 
a  tube  C  D  commnoicating  with  the  vessd, 
and  pour  water  into  either  of  them,  it  will 
always  stand  at  the  same  height  io  both, 
consequently  there  is  an  equilibrium  be- 
tween them.  And  of  whatever  shape  the 
TBSsels  are,  the  effect  will  be  the  same. 
This  fact  is  confirmed  by  a  variety  of  slrik- 
inf  OKperiment),  and  forms  an  essential 
oonslderatlon  io  alt  water  norks.  But  the  principle  extend 
its  JnfliieDca  to  masonry  ;  for  if  the  smallest  quantity  of  watr 
•hoold  lodge  to  a  considerable  height  in  the  gravel,  sand,  n 
loose  eu4h.  close  behind  a  wall  or  solid  embankment,  it  wouir 
exert  a  lateral  pressure  sufflcienl  to  push  the  solid  material 
from  their  base.  Hence,  a  lodden  shower,  great  di 
tbe  thianest  vein  of  water  collected  in  a  perpendicular 
will  split  the  hardest  rock,  and  burl  the  fragments  to  i 
Thns  bydrostatio  pressure  Is  the  silent,  bat  irresistible  agent, 
which  nature  employs  in  the  gradual  demolition  of  mountains. 

A  Perpttual  Sypipn,  which  possesses  tbe  faculty  of  making 
U<piids  |mss  from  one  vessd  to  aoather,  even  after  the  vessels 
are  empty  and  the  aotion  oeases.  has  two  unequal  arms ; 
alter  eitfirply  plunging  it  Into  any  liquid,  in  order  that  it  may 
be  filled,  and  taking  oare  that  both  orifices  are  constantly  im- 
nersed,  each  extremity  of  tbe  sypbon  is  introduced  into  a  small 


vase  or  reservoir,  filled  with  the  same  liqatd,  in  wbich  is  piimge« 
each  end.  Thus  tbe  Immersion  of  tbe  two  eodi  is  constant - 
and  the  entrance  of  the  air  and  escape  of  the  Uqoid  are  equaii} 
prevented ;  the  syphon,  always  foil,  is  in  constanl  action,  by 
only  immersing  one  of  its  branches,  withoal  the  aid  of  sir, 
opening  or  shutting  cocks,  Slc.  What  is  remarkable  in  this 
invention,  is  the  fact,  that  as  soon  as  one  veiael  is  empty  it  Is 
filled  again  from  the  other ;  and  so  on  eontinoally. 

7'-he  Ht/dTotlatie  Btllom: — This  instrnment  la  perhaps  lb« 
best  yet  invented  for  deniDnstretiog  the  upward  pressare  of 
Buids,  and  it  is  fully  illustrated  under  the  word  BeLLOirt, 
p,  104. 

The  Hudrottatic  Balance  has  been  already  illt^atraled ;  and 
Specijic  Craviiiet  vere  handled  onder  the  word  Gravity. 

Solid  Badiee  Floating  on  Fluid*. — A  solid  floatiiig  on  a  laid 
specifically  heavier  than  itself,  will  be  in  equilibrio,  or  will 
rest,  when  it  has  sunk  so  far  that  the  weight  of  the  flnid  dis- 
placed is  equal  to  the  weight  of  the  whole  solid,  and  wbea  tbe 
centres  of  gravity  of  the  whole  solid,  and  of  the  part  immersed, 
are  in  the  same  vertical  line. 

Hence,  every  solid,  specifically  lighter  (ban  a  fluid  which  hat 
an  axis  that  divides  it  into  two  similar  and  equal  parts,  wbea 
placed  in  a  fluid  with  its  axis  vertical,  may  sink  to  a  positiei 
in  which  it  will  remain  in  eqnillbrio;  that  Is,  without  luraiig 
either  to  the  one  side  or  the  other. 

In  such  bodies  there  are  always  (wo  opposite  pontioos  of 
eqnilibrium ;  bnt  there  is  only  one  of  them  ia  wbich  the  body 
can  float  permanently. 

When  the  equilibrium  of  a  floating  body  is  dittnrbed,  or 
when  the  centres  of  gravity  of  the  whole,  and  tbe  part  ImmerMd, 
are  not  in  the  same  vertical  line,  the  body  vrill  revolve  oa  its 
axis,  till  it  come  into  the  position  where  these  two  points  wn 
in  the  same  vertical  line. 

There  are  some  bodies  that  in  every  ^sition  these  t«o 
points  are  in  the  same  vertical  Hne.  A  hamogencoas  spheie, 
or  globe,  is  a  body  of  this  kind  ;  and  so  is  a  cylinder  loaliag 
with  its  axis  horizontal.  These  bodies  have  no  teudea^te 
maintain  one  position  more  than  another;  and  their  cqaili- 
brium,  or  floating  position,  is  called  the  tquiliMam  ^  ia- 
differejiee. 

Some  floating  bodies,  when  their  eqniHhrtirm  is  distviked, 
return  to  their  steady  positioD  after  a  few  oaclllalioaB  haefe 
wards  and  forwards.  Others,  when  ever  ao  little  distat%ed,ds 
not  resume  their  former  position,  bat  turn  on  their  eenlreasf 
gravity,  till  they  come  into  another  position,  when  tbej  tie 
again  in  equilibrio.  In  tbe  first  case  the  equilibriona  is  said  is 
be  stable,  in  tbe  latter  ease  to  be  unstable,  and  then  the  bedy 
is  said  to  oeeriet. 

When  a  floating  body  is  made  to  revolve  fmm  the  postflee 
if  cqoilibrlnm,  if  tbe  line  of  support  (that  is,  the  venied  Km 


the  vertical  passing  through  the  centre  of  gravity  of  tbe , 

with  the  depressed  part,  the  equilibrium  iattakh,  and'lfcoMf 
will  resume  its  former  position.  But  if  the  line  of  smhMtii 
on  the  same  side  of  the  line  of  preasafe  with  (he  elev«Mf«l, 
the  equilibrium  is  unttable,  and  (ho  body  will  overseL'* 

When  a  floating  body  revolves  abont  a  given  ailH,  lh«|M- 
tlona  of  equitibriura  through  which  it  passes  aiw  altetwMih 
those  of  stability  and  instability:  for  between  a  state  Iwirtim 
a  body  has  a  tendency  to  remain,  and  another  in  whi^  it  lis 
also  a  tendency  to  remain,  as  these  tendencies  ara  oppcaltets 
one  another,  there  must  be  an  intermediate  position  in  whM 
the  tendency  to  remain' is  equal  to  nothing,  or  fbe  body  wiO 
revolve  on  its  axis. 

If  tbe  form  and  sise  ofa  body.  Boating  in  a  ftnid,  be  kaewa. 
and  its  altitude  above  the  surface,  and  the  speciDc  gravt^sf 
the  fluid  be  also  known.  Its  stability  may  be  calcnlated. 

Having  given  the  general  principles  of  this  branch  oTseieaN, 
we  may  explain  in  more  popular  speech  a  few  of  fhe  leadisg 
characteristics  in  the  doctrine  of  fluids.    First  then,  every  Mb. 

*  Thfeeiitni  ofgniily  at  uij  body  )■  (hst  point  npoa  ubiefa  Ht  IkJj. 
when  actHl  upaa  only  by  the  fnin  of  grmvilj;  will  biTiiw  Jlwlf  w  rt 
poHiioM.    TbU  will  be  nor*  folly  tipluind  *hca  »•  noir  Iv  trrt  W 
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ttaace  appear*  eompoied  of  an  uMnUafo  of  alama,  con- 
nected together  by  a  sjiten  at  roataal  atlraolHin  and  repQU 
aioo ;  in  (oltdi.  the  atoini  reaUt  every  chan|[e  of  figure ;  io 
■did*,  tbcT  jiold  to  the  iligbteat  eilernal  preMare,  becaaie 
Ibcir  pariiHei  are  looidj  connected,  A.  aolid  rednced  to  t 
plane  BaiiU  fcMa  np  in  one  direotion ;  if  reduced  to  lllainenti 
It  will  bend  efcrj  wajr,  wilboul  breakinrd  erunbled  to  dait  oi 
powder,  the  amreKate  particle*  submit  to  aDf  exteroal  ini' 
preasioD.  and  etince  do  sympalhj  or  couoate nation. 

A  aolid  body,  inbjeotcd  lo  a  coinpre»ilB(  Torce,  undorgoea  a 
praportionai  contractioa,  but  recoreri  it*  volume  after  thia 
eOBtractioD  ii  nitlidrawn.  But  ir  tbe  comprcMion  be  urged 
beyond  a  certain  limit,  the  subatanoe  wilt  be  crushed  aoder  the 
load,  and  will  aafler  a  complete  diaiolalion.  A  fluid,  bowever, 
oMctoicd  In  the  chamber  of  a  very  strong  metallic  Teasel,  is 
foond  to  be  capable  of  withstanding  the  greatest  pressure  we 
can  conmaod,  thongh  its  contractions  are  comparaiiTcty  more 
flxlenaiTc;  and  it  always  relnma  with  ooimpaired  vigour  to 
It*  former  condition,  the  moment  such  external  force  has 
ccaaed  to  act.  The  constitution  of  a  fluid  remains  unaltered 
■ndnr  Uw  most  eoonnous  loads,  and  its  several  portions,  at  all 
times,  separate  and  reunite  with  extreme  facility.  Whether 
tbe  Bnid  has  a  liqnid  or  usnmes  a  gaseous  fonn,  it  can  C4;nally 
bear  any  compression,  the  correspondiog  conlractioa  of  tbe 
latter  being  odIj  much  greater  than  that  of  the  former. 

If  lite  roinotest  lubdivisioQ  of  a  solid  contributes  notfaiog  to 
fluidity,  neither  will  any  supposed  smnotbncss  or  globular 
ibape  of  the  particles  confer  that  character.  Exact  aphemles 
might  procure  lubricity  on  a  plane,  bat,  among  one  another, 
Ib^  will  become  imptknted,  and  affect  certain  con  fi  go  rations, 
as  manlfeited  in  the  conmon  piling  of  shot.  Ybe  absolute 
eontaet  uf  tbe  particles  is  besides  inadmissible,  since  all  bodies 
wkalever  seem  to  be  capable  of  Indeflnite  condensation. 

Bat  luidity  occurs  in  very  different  degrees.  Any  disturb- 
ing inpression  is  more  quickly  obeyed  by  one  liqnid  than  by 
MMther !  by  water,  for  Initanoe,  Ibao  by  oil  or  treacle.  All 
tbe  possible  shadea  of  softness,  in  fact,  might  often  be  (raced 
from  a  aolid  to  a  (liiid  sabstance.  The  application  of  heat 
IceBenlly  promotes  floidity.  Thas,  honey  in  winter  is  a  can- 
died or  mable  solid  ;  In  the  spring  it  melts  down  ;  but  as  the 
•■aHier  advances.  It  |;radnally  loses  its  viscidity,  and  flows 
Bora  fteely.  Oil  seems  affected  in  tbe  same  way,  and  hence 
tbe  practlee  in  Italy  of  depositing  it  In  casks  for  exportation 
doriag  tbe  winler  season,  when  it  is  thickest  and  leaat  pene- 
Inting,    Bui  water  Itself,  and  oilier  liquids,  not  exeepUog 


ir  an  angular  bit  of  glus  be  held  in  the  flame  of  k  Uowplpe, 
U  wiU  bcaome  gradoali^  ronnded,  as  the  beat  penetrates  and 
■oftet  the  mass.  In  bke  manner,  a  fragment  of  sealing-wax 
iMaa  to  Mtigh  exterior,  and  assnmea  a  regular  curved  surface, 
on  apprvMbiog  it  to  the  fire.  But  the  centre  of  curvature  is 
Um  pMnt  to  which  the  eombiaed  attractloiu  of  tbe  outer  range 
of  particles  mut  be  directed.  Since  tUa  point  retires,  there. 
fbn,  ftMS  the  Borfaee  wllb  tbe  progress  of  sonness  to  Ouidily, 
tiM  Mntnal  connexion  of  the  integraQt  molecule*  must  be 
exerMd  over  a  muck  grenter  extent  in  Raids  than  in  solid  sub- 
aianaei.  Ttis  iulbraMM  appears  to  afford  likewise  an  expla- 
— <i>n  of  tbe  faoilitr  of  Ibeir  Internal  motion,  so  coatpicuoos 
te  HqnMs.  Wbea  tbe  apbere  of  aelivily  Is  confined,  a*  In 
•oHda,  In  ft  very  httow  spot,  a  fow  particles  only  are  cois> 
mtatii  bv  tbeir  ayapntbetio  tendencies.  Any  internal  dislo- 
ll  In  tUa  ease  require  the  approximalion  of  eertain 
_  aad  tiie  reoeasion  of  others,  which  must  hence  occa* 
t  exercise  of  corresponding  repulsive  and  attractive 
fetrna.  Bui  tbeee  force*,  being  directed  to  a  small  niimb<!T  of 
Minlfts,  will  constitute  a  very  noeqnsi  group,  incapable  uf 
(nlnlK  a  arnootb  and  graduated  cquilibriom.  Every  change 
oflttfnalion  would  prodnca  a  violent  effort  to  attaia  anew 
poiilton  of  repoae.  On  (he  other  hand,  when  tbe  sphere  of 
Mlivllji  embraces  a  multitude  of  particles,  as  in  tbe  compo- 
^tioftoffluidi,  the  allgbtest  mntnaJ  derangement  will  be  snfll- 
oient  In  accommodate  every  variation  of  external  impression. 
Tbe  Bsoat  minute  deviation  of  each  particle  would,  by  sucb 
pradigioos  repetition,  amount  to  any  required  change  of  direc- 
tion.   In  Ibesr  dialooations,  tbe  parUole*  ere  almost  nnca%- , 


strained,  and  need  scarcely  approach  or  rcced*  :  tbe  repultivo 
and  altractivn  forces  evolved  become  therefore  extremely 
small,  snd  fay  their  moltilade  produce  Id  every  position  neartj 
a  perfect  counterbalance.  A  fluid  is  hence  itted  to  obay  any 
impresiion  with  the  utmost  facility. 

But  whatever  may  be  the  system  of  forces  thai  connects  tho 
fluid  atoms,  the  properties  of  (be  compound  ate  dedndble, 
from  tbe  absolute  facility  with  which  those  ultimate  particlen 
receive  and  transmit  external  impressions.  Suppose  a  laid, 
either  gaseous  or  liquid,  lo  be  enclosed  In  a  very  broad  and 
extremely  shallow  cylinder  of  glaas  or  metal  A  B  (as  hi  (bo 
annexed  figure,)  at  the  lap  of  wbicb  is  inserted  a  (all  narrovr 
tube  C  D  of  tbe  a 


material,  and  having  a 

flog  or  ptiton  B  nlcelj 
itedintoit.  Onpnab' 
ing  down  tUa  ^s(«», 
(he  laid  parlietes  n> 
dcr  it  wilt  B(  flrel  glw 
way,  and  appraneb 
closet  to  each  olbor. 
They  wiU,  la  eonao- 
quence,  diaplay  a  vfr- 
puMte  foree  propor- 
I  tionel  to  (bis  mdtnnt 
appraxlranlioo.  Now, 
It  fa  easily  aeen  Ihftt 
points  or  atoms  can  never  be  ranged  througb  apaoob  perlbel 
straight  lines ;  and,  therefore,  the  pressure  will  not  be  eonfinnd 
to  the  vertical  column,  bat  will  insensibly  diverge  In  al  dkno- 
tions.  The  particles  at  F  will  repel  obliqnely  Iboee  at  O  W 
al  H,  and  these  again  will  communicate  ibelr  oMfqne  h^rca- 
iion  to  other  adjacent  particles.  Tbe  wbote  stratum  of 
fluid,  from  the  oriflce  C  to  A  and  B,  must  beoee  oontiwae  to 
recede  from  the  piston,  and  contract  iU  volnmo.  Ml  the  l»> 
legrant  particles  have  all  attained  (be  same  mH(nal  dl*(ane«, 
and  exert  the  correi ponding  repolaiva  energy.  A  ttnlfbrm 
condensation  must  thus  be  diffused  tbTOugb  the  mans,  bofera 
an  equllibrinm  can  take  place.  Thla  condition  obtains  eaoally 
in  liquids  and  In  gaseous  Cuids,  only  the  oontractian  proaocod 
from  a  compressing  force,  which  is  so  vIsiMe  In  tbe  Ibrmer  ean 
seldom  be  distingnisbed  by  ordinary  perception  In  Ibo  lalMr. 
But  a  very  minute  alteration  of  the  volume  of  a  liquid  e*nlv«n 
ai  mnoh  force,  as  an  extensive  cbange  ia  tbe  mnai  of  n  gaan- 
ous  Suid- 

The  pressure  exerted  by  the  piston  B  at  (bo  orMco  C  ia 
Ibcrefore  equally  diffused  througb  tbe  whole  of  the  fluid  A  B, 
every  particle  of  which  acqulrea  (be  same  ln(enaiiy  of  repul- 
sion. Each  point  on  tbe  snrfaee  of  the  vessel  mnet  benoo  ans- 
lain  an  equal  effort.  If  a  wide  eyllnder  1  K.  fitted  also  with  a 
e  inserted  al  I,  t' 

proportional  to  the  space  u 

On  a  supposition  that  the  snrfaee  of  the  piston  I  were  ten  ll 

greater  than  ibst  ofB,  It  wonld  likewise  snppMt  a  hm4  ten 
times  greater  than  the  presanre  applied  at  B  or  O, 
Let  (he  piston  I  be  now  removM.  white  the  piston  ■  ta  eOB- 


Ibe  annexed  Sgare,) 
till  IM  weight  b»- 
eosae  eqnal  to  tbe 
presanre  eierted  nt 
tb«  oritee  I.  !■ 
like  a 


I  tta  wolgbl  waa 
-  equal  to  th«  pi«^ 
r^suraalL.    But  the 


L  heing  proportional  to  those  orifiees,  or  Ibo  elronlar  MMlona 
of  the  ejlinders  I  K  and  LM,  Uie  dtitndes  IK  and  LM  of  tba 
columns  themselves  must  be  equal.  If  a  oylinder  N  O  wern 
inserted  obliquely,  tbe  Hqitld  would  still  rlaa  to  tbe  sami  level] 
for  in  this  case,  tbe  culamn  bring  ptrlly  sosWand  by  ike  — dw 
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side,  its  weight  woald,  from  the  property  of  the  inclined  plane, 
be  to  its  pressure  at  N,  as  the  length  O  N  to  the  perpen- 
dicular O  P. 

Let  the  piston  E  itself  be  now  withdrawn,  and  the  liqnid  will 
mount  in  the  cylinder  C  D,  till  its  weight  becomes  equal  to  the 
pressure  applied  at  C,  and  consequently  will  attain  the  same 
altitude  as  in  the  other  communicating  cylinders.  Suppose 
the  cylinders  to  be  enlarged  and  brought  nearer  to  each  other, 
still  the  same  level  will  be  maintained  among  them.  Con- 
ceive they  were  even  united,  so  as  to  compose  a  single  cylin- 
drical vessel,  and  the  contained  liquid  would  always  assume  a 
level  surface.     Such  is  the  distinguishing  character  of  fluids. 

It  hence  follows,  that  the  condensation  accumulated  at  any 
point  of  an  op^n  liquid  mass,  and  therefore  the  actual  pres- 
sure exerted  there,  is  proportional  to  the  altitude  of  the  incum- 
bent column  of  a  supposed  vertical  tube,  or  the  depth  of  the 
point* below  the  surface  of  the  fluid.  The  pressure  of  water 
against  the  perpendicular  sides  of  any  cistern  must  thus  in- 
crease regularly  from  the  top  to  the  bottom.  In  a  cubical 
iressel,  the  pressure  borne  by  each  side  would  be  just  half  the 
weight  supported  at  the  bottom,  and  consequently  the  aggregate 
pressure  sustained  by  all  the  four  sides  would  be  double  this 
weight. 

That  the  pressure  of  a  fluid  is  exerted  equally  every  way  in 
proportion  to  its  iepth,  may  be  confirmed  by  various  experi- 
ments. Thus,  having  fastened  a  long  narrow  glass  tube  to  the 
neck  of  a  thin  bladder,  fill  this  with  water  till  it  stand  perhaps 
an  inch  above,  and  plunge  the  whole  in  a  tall  jar  of  water ;  the 
liquid  Will  be  seen  to  rise  in  the  tube,  and  maintain  the  same 
altitur'e.  exactly  in  proportion  as  the  bladder  descends.  Again, 
if  a  high  gass  tube,  spreading  below  into  a  vtide  funnel  mouth, 
to  which  a  loaded  plate  of  brass  has  been  ground  and  closely 
fitted,  vere  Iftt  down  and  held  in  a  body  of  water,  at  the  depth 
where  a  cylindrical  column  of  fluid,  incumbent  upon  its  broad 
bace,  has  a  weight  equal  to  that  of  the  plate,  this  would  remain 
supported.  Hut  if  a  hole  were  pierced  in  the  side  of  the  tube, 
admitting  a  small  portion  of  the  water  to  fill  up  the  funnel,  its 
load  would  instantly  be  precipitated  to  the  bottom.  On  the  other 
band,  if  the  tube  had  its  funnel  month  turned  upwards,  and 
titted  with  a  thin  brass  plate  surmounted  by  a  very  thick  cylin- 
der of  cork ;  the  buoyancy  of  this  cover  would  be  overcome  at 
a  certain  depth  below  the  surface  of  the  water.  But,  on  letting 
water  into  the  funnel,  the  pressure  now  exerted  under  the  plate 
would  immediately  float  it  up. 

The  fundamental  principle,  that  a  fluid  compressed  in  a  close 
shallow  vessel  exerts  the  same  effort  upon  every  equal  portion 
of  the  confining  surface,  was  first  distinctly  stated  by  the  famous 
Pascal,  who  even  proposed  it  as  a  new  mechanical  power  of 
great  efficacy  and  ready  application.  If  the  piston  I  (p.  497.) 
M  ere,  for  instance,  an  hundred  times  larger  than  the  piston  E, 
the  force  of  one  man  pushing  down  the  former  would  be  suffi- 
cicnt  to  withstand  the  action  of  an  hundred  men  upon  the  latter. 
Nor  did  another  feature  of  resemblance  escape  this  acute  phi- 
losopher, that,  as  in  all  other  mechanical  combinations,  what  is 
here  gained  in  power  is  lost  in  celerity,  or,  in  other  words,  that 
the  height  to  which  a  load  is  raised  is  still  inversely  as  the 
purchase.  Thus,  while  the  piston- E  descends  through  one 
inch,  the  piston  I  ascends  only  the  hundredth  part  of  an  inch. 
This  consideration  is  essentially  the  same  as  the  principle  of 
virtual  velocUies,  which  affords  another  demonstration  of  the 
equality  of  pressure  difl*used  through  a  fluid.  For,  if  one 
pound  depress  the  piston  E  one  inch,  the  piston  I  will  lift  an 
hundred  pounds  over  the  hundredth  part  of  an  inch,  the  momen- 
tum of  the  weight  at  E  being  still  equal  to  the  opposite  momen- 
tum of  the  load  incumbent  at  I.  The  pressure  exerted  by  the 
fluid  upon  every  point  of  the  surface  of  the  shallow  vessel  is 
hence  the  same. 

The  project  originally  started  by  Pascal,  of  applying  this 
capital  property  of  fluids  to  the  construction  of  a  powerful 
mechanical  engine,  has  been  reduced  to  convenient  practice  in 
our  own  time.  The  progress  of  the  arts  has  now  begun  to 
realise  all  the  delicacy  of  theory.  Watt  employed,  to  a  certain 
extent,  the  soft  compression  of  air,  as  the  chief  agent  of  his 
<^jn>nf  «P^>no ;  while  Bramah  has  successfully  availed  him- 
self of  the  constrained  energy  of  water  in  the  construction  of 
bis  bydraalio  press. 


HYDROSULPHURET,  in  Chemistry,  the  combination  of 
sulphuretted  hydrogen  with  an  alkaline  or  earthy  base.  Tfaty 
are  soluble  in  water,  and  crystallizable ;  the  solation  is  coloer- 
less,  while  the  action  of  the  air  is  excluded;  bat  when  that  is 
admitted,  a  yellow  colour  is  soon  acquired. 

HYGROMETER,  a  machine  or  instrument  to  measure  the 
degrees  of  dryness  or  moisture  of  the  atmosphere. 

There  are  divers  sorts  of  hygrometers ;  for  whatever  body 
either  swells  or  shrinks  by  dryness  or  moisture,  is  ctpable  ca 
being  formed  into  an  hygrometer.  Such  are  woods  of  most 
kinds,  particularly  ash,  deal,  poplar,  &c.  Such  also  is  cat- 
gut, the  beard  of  a  wild  oat,  hempen  cords,  &c.  Philosophers 
have  sought  also  to  measure  the  humidity  of  the  air  by  the 
augmentation  of  weight  undergone  by  certain  substances,  such 
as  tuft  of  wool,  or  portions  of  salt,  by  absorbing  the  water  con- 
tained in  the  air.  But  besides  that  these  methods  were  in 
themselves  very  imperfect,  the  bodies  employed  were  subject 
to  alterations  which  would  make  them  lose  their  hygrometrie 
quality  more  or  less  promptly.  The  hygroneter  invented  by 
Saussure  is  free  from  these  inconvenienoes.  The  priadpi^ 
piece  in  it  is  a  hair,  which  has  been  divested  of  a  kind  of 
oiliness  that  is  natural  to  it,  by  boiling  it  in  water  holding  in 
solution  nearly  a  hundredth  part  of  its  weight  of  sulphate  of 
soda.  It  is  known  that  humidity  lengthens  the  hair,  and  that 
the  process  of  drying  shortens  it.  To  render  both  these  effects 
more  perceptible,  he  attached  one  of  the  two  ends  of  the  hsir 
to  a  fixed  point,  and  the  other  to  the  circumference  of  a  mote- 
able  c}  linder,  that  carries  at  one  of  its  extremities  a  light  index 
or  hand.  The  hair  is  bound  by  a  counter-weight  of  about  three 
grains,  suspended  by  a  delicate  silk  which  is  rolled  in  a  contrary 
way  about  the  same  cylinder.  In  proportion  as  the  hair 
lengthens  or  shortens,  it  causes  the  cylinder  to  tarn  in  one  or 
the  other  direction,  and  by  a  necessary  consequence,  the  little 
index  turns  likewise,  the  motions  of  which  are  measured  oatbe 
circumference  of  a  graduated  circle,  about  whioh  the  index  per- 
forms its  revolution  as  in  common  clocks.  To  give  to  the  scale 
such  a  basis  as  may  establish  a  relation  between  all  the  hygm- 
meters  constructed  upon  the  same  principles,  Saussure  as- 
sumes two  fixed  terms,  the  extremity  of  humidity,  and  that 
of  dryness  ;  he  determines  the  first  by  placing  the  hygrooieter 
under  a  glass  receiver,  the  whole  interior  surface  of  which  he 
had  completely  moistened  with  water.  To  obtain  the  contrary 
limit  of  extreme  dryness,  be  made  use  of  a  hot  and  well-dried 
receiver,  under  which  he  included  the  hygrometer,  with  a  piece 
of  iron  plate  likewise  heated,  covered' with  a  fixed  alkali.  The 
scale  of  the  instrument  is  divided  into  a  hundred  degrees.  Ike 
zero  indicates  the  limit  of  extreme  dryness,  and  the  naskber 
one  hundred  that  of  extreme  humidity.  The  effects  of  mois- 
ture and  of  dryness  upon  the  hair,  are  however  modified  by 
those  of  heat,  which  act  upon  it,  sometimes  in  the  same  sease, 
and  sometimes  in  a  contrary  one.  In  observations  wkidi 
require  great  precision,  it  is  therefore  necessary  to  consult  tkt 
thermometer;  and  on  this  account,  the  inventor  has  coa- 
structed  from  observation  a  table  of  corrections. 

De  Luc  employed  for  the  construction  of  his  hygrometers  t 
very  thin  slip  of  whalebone,  which  performs  the  same  office  as 
the  hair  in  that  of  Saussure.  He  kept  this  \t  balebone  bent  by 
means  of  a  spring,  the  action  of  whicii  he  preferred  to  that  of  a 
weight ;  ho  determined  the  degree  of  extreme  humidity,  by  in- 
mersing  the  slip  of  whalebone  entirely  under  water ;  and  to  f  i 
the  opposite  limit,  (that  of  extreme  dryness,)  he  made  ose  of 
calcined  lime,  enclosed  with  the  hygrometer  under  a  glass  belL 

As  the  hair  hygrometer  of  M.  de  Saussure  has  been  aloMist 
invariably  used  by  the  continental  philosophers,  as  the  most 
accurate  instrument  for  measuring  the  moisture  of  the  air, 
any  real  improvement  upon  it  will  be  regarded  by  the  experi- 
mental philosopher  as  a  valuable  acquisition  to  science. 
The  hygrometer  of  M.  Babioet  seems  to  possess  this  character 
in  no  inconsiderable  degree,  and  as  a  very  favourable  report 
upon  it  has  been  made  to  the  Academy  of  Sciences  by  a  very 
competent  judge,  M.  Fresnel,  we  shall  submit  to  our  readett 
a  drawing  and  description  of  it,  abridged  from  the  Jcmrmidt 
Pharmaeie  for  April,  1834. 

This  instrument  is  represented  in  the  annexed  figure,  where 
I,  I,  1,  4,  is  a  copper  cylinder,  resting  upon  a  pedestal,  srd 
Jiaving  large  apertures  cut  out  of  it.  ,  When  the  interior  of  the 
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iDttnimcnt  is  to  lie  shut  op  from  the  eiteroal  air,  its  upper 
part  is  surrounded  with  a  cylinder  of  glass,  2, 2, 2,  2,  Hied  at  its 
two  ends  (with  greeo  wai)  to  the  upper  rings  which  project 
round  the  oyliodler. 

Three  hairs,  3, 3,  3,  filed  to  a  micrometer  lerew,  4.4»  placed 
on  the  upper  part  of  the  instrument,  and  each  stretched  bj  a 
copper  weight,  descend  into  the  cylinder,  and  pass  through 
three  holes,  in  a  small  horisontal  plaue,  in  order  that  thej 
may  be  kept  separate  from  each  other.  On  one  side  of  the 
instrument  is  plaoed  a  small  telescope,  6,  having  a  wire  in 
its  field,  for  indicating,  with  great  accuracy,  the  position  of  a 
mark  on  the*copper  weights,  and  ascertaining  when  the  marks 
have  descended  to  the  same  point. 

The  object  of  the  micrometer  screw  is  to  measure  the  elonga* 
tion  of  the  hairs,  which  it  does  nearly  to  the  2600dth  part  of  an 
inch,  by  the  usual  and  well-known  process. 

In  graduating  the  instrument,  extreme  dryness  is  obtained 
by  means  of  sulphuric  acid,  and  extreme  humidity  by  means 
of  aqueous  vapour ;  and  the  elongation  of  tlie  hairs  in  passing 
from  the  state  in  which  they  are  saturated  with  moisture  to 
that  of  extreme  dryness,  is  measured  by  the  micrometer  screw. 
If  this  elongation  is  five  millimetres,  or  about  one  fifth  of  an 
inch,  this  space  is  represented  by  100  degrees  of  the  scale;  so 
that  ii)dths  of  a  millimetre  will  correspond  to  one  degree  of 
the  scale.  When  the  instrument  is  thus  prepared  for  use,  the 
glass  cylinder  is  removed,  and  the  hairs  exposed  to  the  air,  the 
humidity  of  which  will  be  indicated  by  the  distance  of  the  mark 
on  the  copper  weight  from  the  beginning  or  lero  of  the  scale. 

The  advantages  of  this  form  of  the 
instrument  are  thus  enumerated  by  its 
inventor. 

1 .  The  extreme  delicacy  of  the  indi- 
cations which  are  obtained  by  the  tele* 
ficope  and  the  mlcrometrical  screw,  and 
by  the  use  of  three  hairs,  which  are 
three  hygrometers,  the  mean  of  the 
changes  of  which  affords  a  much 
greater  degree  of  accuracy  than  if  a 
single  one  were  used. 

2.  The  removal  of  the  error  which 
arises  from  the  friction  and  play  of  the 
axis  of  the  needle  in  common  hygrome- 
ters, as  well  as  from  the  bending  of  the 
hair  round  the  small  pulley. 

3.  The  facility  of  measuring  the  hy- 
grometrical  elongation  of  any  sub- 
stance, whether  flexible  or  not,  when 
reduced  to  a  slender  cylinder,  and  of 
comparing  two  hygrometric  substances. 

4.  In  this  instrument,  the  three 
bairs,  which  are  three  hygrometers, 
agree  nearly  with  one  another,  nhile 
two  common  hygrometers  require  very 
great  precaution  in  order  to  agree  fiith 
one  another,  even  less  perfectly. 

6.  This  instrument  becomes  very 
portable  br  stopping  the  weights  at- 
tached to  the  three  hairs  by  a  small  pin 
which  passes  through  them,  and  sup- 
ports them  while  they  are  carried 
about. 

A  simple  hygrometer  may  be  formed 
by  means  of  a  flaxen  line  five  -feet 
long;  and  having  a  graduated  scale 
iixed  to  an  index  moving  on  a  fulcrum. 
The  length  of  the  index,  from  the  ful- 
crum to  the  point,  should  be  ten  inches; 
that  of  the  lever,  from  the  fulcrum  to 
tlie  middle  of  the  eye,  to  which  the  cord 
is  fixed,  t^o  and  a  half.  The  air  be- 
coming moisty  the  cord  imbibes  its 
moisture ;  the  line  in  consequence  is 
shortened,  and  the  index  rises.  On 
the  contrary,  the  air  becoming  dry,  the 
eord  discharges  its  moisture, — length- 
ens,—and  the  index  falls. 
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Hygrometers  arc  constructed  in  a  great  varcty  of  ways« 
according  to  the  substances  of  which  they  are  composed,  or 
the  manner  in  which  they  are  designed  to  act.  Our  limits 
however  will  only  allow  of  touching  very  slightly  on  this 
subject,  and  we  shall  therefore  confine  our  remarks  to  one  or 
two  of  the  best  instruments  of  this  kind ;  after  having  first 
illustrated  their  principle  of  operation  by  one  of  the  nsost 
simple  construction,  as  follows : 

Stretch  a  common  cord  or  catgut 
g.>,>,...,..,.^>..^.j  string  A  B  D  along  a  wall,  passing  It 
^  over  a  pulley  B,  after  having  fixed  It 

at  one  end  A,  and  attached  a  weight 
2  to  the  other  end  C,  which  is  made  to 

carry  an  index  or  style  F.    Against 

the  same  wall  fix  a  metal  graduated 

F  plate  U  I,  on  which  will  be  indicated 

the  state  of  the  atmosphere  by  the  po- 
sition of  the  index,  the  motion  of  the 
latter  arising  solely  from  the  contrao- 
tion  or  dilation  of  the  cord,  which  takes  place  according  to  the 
degree  of  dryness  or  moisture  of  the  atmosphere. 

This  instrument  is  as  simple  as  can  be  desired,  and  its 
scale  of  variation  may  be  increased,  by  passing  it  over  three 
or  four  pulleys,  as  in  the  annexed  figure;  but  it  is  far 
from  possessing  that  degree  of  accuracy  which  is  so  much  to 
be  desired  in  philosophical  instruments  and  observations,  and 
accordingly  various  other  hygrometers  have  been  invented,  to 
remedy  the  defect  of  that  above  described ;  one  great  imper- 
fection of  which  is,  that  difl'erent 
instruments,  however  correct  their 
operation  may  be,  are  incomparable 
with  each  other ;  it  was  therefore  a 
great  desideratum  to  construct  them 
so  as  to  admit  of  the  same  kind  of 
comparison  as  the  thennomcter  and 
barometer.  The  most  complete  In- 
strument of  this  kind  has  been 
invented  by  J.F.Daniel,  Bsq.  F.R.8. 
and  to  his  Meteorological  Essays  we 
shall  therefore  have  recourse  for  the  drawings  and  descriptions 
of  this  instrument,  when  «ke  come  to  treat  on  the  subject  of 
Metp.orolooy  in  the  sequel  of  our  Dictionary. 

IIYMENOPTERA,  in  Natural  History,  the  fifth  order  of 
insects,  according  to  the  Linnacan  system.  They  are  furnished 
with  four  membranaceous  wings,  and  aith  a  sting,  or  a  process 
resembling  one. 

HYPERBOLA,  is  one  of  the  conic  sections  formed  by  the 
intersection  of  a  plane  and  cone,  when  the  plane  makes  a 
greater  angle  %iith  the  base  of  the  cone,  than  that  formed  by 
the  base  and  side  of  the  cone,  as  D  A  E. 

And  if  the  plane  be  produced  so  as  to  cut 
the  opposite  cone,  another  hyperbola  will  be 
formed,  as  d  Br,  which  is  called  the  opposite 
hyperbola  to  the  former. 

The  hyperbola,  like  all  the  other  conic  sec- 
tions, may  be  treated  of  in  three  different  nays, 
rtx.  1.  As  being  produced  by  the  intersection 
of  a  plane  and  cone  ;  2.  according  to  its  de- 
scription in  piano ;  and  3.  As  being  generated 
by  the  motion  of  a  variable  line  or  ordinate 
along  another  line  or  directrix,  wheret>y  the 
properties  of  the  curve  arc  treated  of,  from 
the  equation  by  which  it  is  defined. 
AfreAaatra/  Description  of  the  H%perMm,  mnd 
the  MetkoHofdrmtring  the  Fipwe, 
— I.  In  the  transverse  axis  AB, 
produced,  take  the  foci  F,/;  or, 
which  is  the  same,  Uke  C  F,  C/, 
both  =  A  a  or    Be;    assume 
any  point  I,^nd  with  the  radii 
A  I,  or  B  I,  and  centres  F,  /, 

inB, 


descril>e  arcs  Intersecting 
which  will  five  four  points  In 
the  eorre;  then  find  other  points  In  the  same  manner,  and 
the  curve  pissing  throogh^tbote  points  wUl  be  the  hyperbola 
required. 
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2.  If  one  end  of  t  niler/M  O, 
be  fastened  at  the  point/  bj  m 
pio  on  a  plane,  so  9S  to  turn  fret- 
\y  aboat  that  poiot  as  a  centre ; 
and  a  thread  F  M  O  shorter  than 
the  raler  be  fixed,  one  end  at  F, 
and  the  other  to  the  end  O  of  the 
ruler : 

Then  if  the  ruler/ M  O  be  turn- 
ed about  the  fixed  point/,  at  the 
same  time  that  the  thread  F  M  O 
is  kept  always  tight,  and  its  part 
M  O  close  to  the  side  of  the  ruler 
by  means  of  the  pin  M,  the  curve 
line  A  X  resulting^  from  the  mo- 
tion of  the  pin  M,  is  one  part  of 
an  hyperbola ;  and  if  the  ruler  be 
turned,  and  move  on  the  other  side  of  the  fixed  point  F,  the 
other  part  A  Z  of  the  same  hyperbola  may  be  described  after 
the  same  manner. — Or  otherwise. 

3.  Let  C  and  F  be  the  two  foci,  and 
E  and  K  the  two  vertices  of  the  hy- 
perbola. Take  three  rulers  CD,  D  G, 
GF,  so  that  CG=GF  =  EK,  and 
D  G  =  C  F ;  let  the  rulers  C  D,  G;F,  be 
of  an  indefinite  length  beyond  C  and 
G,  and  having  slits  in  them  for  a  pin 
to  move  in  the  rulers,  having  holes  in 
them  at  C  and  F,  by  which  with  pins 
they  are  fastened  to  the  foci  of  those 
points,  being  joined  to  the  points  D 
and  G  by  the  ruler  D  G.  Then  if  a 
pin  be  put  in  the  slits,  viz,  the  common 
latersectionofthe  rulers  CD,  and  GF, 
and  moved  along,  causing  the  two  rulers  G  F,  C  D,  to  turn 
about  the  foci  C  and  F  ;  that  point  will  describe  the  portion 
B  Q  of  an  hyperbola.  Other  mechanical  methods  of  describing 
this  curve  may  be  seen  in  various  works. 

Hyperbolas  receive  various  denominations  from  certain  pecu* 
llarities  in  their  construction,  proportions,  &c.;  as  aaUe^mnbu 
genal,  equilateral^  &c. 

HYPERBOLE,  ia  Rhetoric,  a  figure  whereby  the  truth  and 
reality  of  things  are  excessively  enlarged,  or  diminished. 


HYPERBOLIC  Line,  is  used  by  some  aathors  for  what  we 
eall  the  hyperbola  itself. 

Hyperbolic  Logaritknu,  or  Naperian  LopurhAmt^  are  a  series 
of  numbers  particularly  useful  in  the  detennination  and  com- 
putation of  iluents,  arising  from  various  problems  io  the  higher 
branches  of  the  mathematics  ;  having,  at  the  same  time,  the 
property  of  common  logarithms  in  faoilitating  arithmetical  ope- 
rations. 

These  numbers  are  termed  hyperbolic  logaritfamSy  because 
they  express  the  areas  or  spaces  contained  between  the  assymp- 
tote  and  curve  of  the  hyperbola ;  bat  as  this  property  is  notpeca- 
liar  to  this  system,  they  are  now  more  oommonly  called  Naperiaa 
logarithms,  from  the  name  of  the  illaatrioos  ioYeotor  of  this 
method  of  computation. 

HYPOTHECATE,  in  Law.  To  hypothecate  a  ship, is  to  pawn 
the  same  for  necessaries:  and  a  master  may  hypothecate 
either  ship  or  goods  for  relief,  whea  in  distress  at  sea. 

HYPOTHENUSE,  in  Geometry,  the  leogest  side  of  a  right- 
angled  triangle ;  or  it  is  that  side  wbtch  aabtends  the  right 
angle.  In  every  rectilinear  right-angled  tHaogle,  the  square 
of  the  hypothennse  is  equal  to  the  squares  of  both  the  other 
sides,  by  the  47th  prop,  of  the  first  book  of  EdelM. 

HYPOTHESIS,  in  general,  denotes  something  supposed  to 
be  true,  or  taken  for  granted,  in  order  to  prove  or  illostrate  a 
point  in  question. 

HYSTRIX,  Porcupine^  la  Natural  History,  a  genus  of  qoa- 
drapeds  of  the  order  glires.  There  are  five.  s|>ecie8.  H.  crisU, 
or  the  common  porcupine,  is  about  two  feet  in  length,  exdo- 
sively  of  the  tail.  It  is  found  in  Africa  and  India,  and  in  the 
warmer  climate  of  Europe.  It  is  covered  on  the  upper  part 
of  its  body  with  variegated  spines  or  quills,  which  are  long  sod 
sharp,  and  which,  when  irritated,  it  erects  with  paiticolar 
intenseness,  and  a  rustling  and  alarming  noise.  Its  principal 
food  consists  of  the  bark  of  trees,  roots,  and  frait.  It  prodaeei 
two  at  a  birth,  and  if  taken  young  is  tamed  with  considerable 
facility.  Its  flesh  is  eaten  not  only  in  Africa  bat  in  Italy,  aid 
is  thought  extremely  luscious. 

The  Brazilian  porcupine  is  abont  afoot  long,  and  its  ti8 
about  a  foot  and  a  half,  by  which  it  oUngs  to  the  branches  sf 
trees.  It  is  covered  with  strong,  short,  and  extremely  sham 
spines,  on  most  of  those  parts  of  its  body  particularly  exposed 
to  assault 
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±9  or  i,  the  ninth  letter  and  third  vowel  of  the  alphabet  When 
used  as  a  numeral,  it  signifies  no  more  than  one,  and  stands  for 
so  many  units  as  it  is  repeated  times ;  thus  I,  one ;  II,  two ; 
III,  three,  &c.  and  when  put  before  a  higher  numeral  it  sub- 
tracts itself,  as  IV,  four ;  IX,  nine,  &c. ;  bat  when  set  after  it, 
so  many  are  added  to  the  higher  numeral  as  there  are  I's 
added  ;  thus,  VI  is  5  -f  1,  or  six;  VII,  6  -h  2,  or  seven ;  VIII, 
6  +  3,  or  eight.  The  ancient  Romans  likewise  used  Iq  for  500, 
CIo  for  1000,  loo  for  ^000,  CCIoo  for  10,000,  looo  for 
60,000,  and  CCCIooo  for  100,000.  Farther  than  this,  as  Pliny 
observes,  they  did  not  go  in  their  notation ;  but  when  neces- 
sary, repeated  the  last  number,  as  CCCIooo,  CCCIooo  for 
300,000;  CCCIooo,  CCCIooO»  CCCIoOD  for  300,000;  and 
so  on. 

lAMBICb,  certain  songs  or  satires,  which  are  supposed  to 
have  given  birth  to  the  ancient  comedy.  The  word  is  applied 
also  to  a  particular  kind  of  Latin  verse,  of  which  the  simple 
foot  consists  of  a  short  and  long  syllable. 

IBEX,  in  Zoology.    See  Capra. 

lOE,  a  brittle  transparent  body,  formed  of  some  fluid  frozen 
or  fixed  by  cold.  The  specific  gpravity  of  ice  to  that  of  water, 
is  in  about  the  ratio  of  '83  to  1 ;  and  the  capacity  for  heat  as 


*9  to  1 ;  its  refractive  power  is  1*31,  being  the  least  so  of  ass 
known  substance  that  is  not  aeriform.  Ste  Frebsiito  aai 
Freezing  Mixture;  and  for  the  expansiYC  power  of  water  ia 
passing  from  its  liquid  state,  «etf  Evaporation  and  ExpaksioiIi 

Ice  Cream,  To  make.  Take  a  sufiioient  quantity  of  creaMi 
and  when  it  is  to  be  mixed  with  raspberry  or  camuit  jaioe, 
a  quarter  part  as  much  of  the  juice  or  jam,  as  of  the  creaak 
After  beating  and  straining  the  mixture  through  a  cloth,  pat  h 
with  a  little  juice  of  lemon  into  the  moold«  (a  pewter 
and  varying  in  size  and  shape  at  pleasure :)  coTer  the 
and  place  it  in  a  pail  about  two-thirds  full  of  ice,  into 
two  handfuls  of  salt  have  been  thrown,  turn  the  mould  by  thp 
hand-hold  with  a  quick  motion  to  and  fro,  in  the  manaer  ased 
in  milling  chocolate,  for  8  or  10  minutes ;  then  let  it  rest  as 
long,  and  turn  it  again  for  the  same  time ;  and  having  left  it  to 
stand  for  half  an  hour,  it  is  then  fit  to  be  turned  oat  of  te 
mould  and  set  upon  the  table.  Lemon  juioe  and  sogai,  and 
the  juices  of  various  kinds  of  fruits  are  frozen  wlthoat  antm; 
and  when  cream  is  used,  it  should  be  well  mixed. 

Ice  Boats  are  so  constructed  as  to  sail  upon  lee,  sad 
they  are  common  in  Holland  upon  the  Maese  aai  lake  \\ 
This  figure  represents  one  of  these  asefal  eonveyaoccs  of  goods 
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bottom  cODcave.  to  form  *  rcMrroir  br  (b«  wuto  water  Hit  M 
eaa  drain  off;  ir  Ibe  sort  reqoiraa  it,  cat  a  draia  to  a  ouiii* 
derabl«  diatuiM,  or  *o  far  at  will  oob«  ogt  ai  the  ride  of  Iha 


ht  WrmM.  Tbe  liiDpleat  fcrm  of  an  Ice  booie  in  the  fuHow- 
in  InpnivcineDt  apoa  the  Italiao  and  Amcri/xa  plana : — In  a 
mQ  where  and  vpnnfa  do  not  itrike  aboYc  IS  feet  dee|>.  die  a 
ph  IS  feet  deep)  and  abovt  18  feet  eMiiare.  Yoo  ninf  thoa 
«*et  a  fratte  aliailar  to  the  fi|ure.  The  poau  ouslii  to  h« 
•boat  9  inches  la  diameler, 
plaoed  Dpar  enonitb  to  each 
other  (br  thin  laiba  to  to 
adled  npoB  Uwm,  aad  the 
faalde  dreaaed  to  an  aeule 
■■gle,  10  that  ai  liitie  wood 
■a  poHible  ma;  tooch  ibc  ice. 
On  the  Inside  let  thin  ialhti 
be  nailed  at  ahoui  two  feet 
■patii  OD  the  outiide.  at  mo- 
derate distaneex.  nail  roufch 
board*,  and  Git  the  place 
within  with  wheat  or  r]e 
alraw  act  on  end.  The  io- 
aideof  the  roof  to  be  oiadc  in 
Ibe  aame  waj,  and  also  the 
gablea.  Straw  to  be  icwed  on 
(ke  latide,  >*d  heath  or  atraw 

«■  tbe  oataide  of  the  door,  Tbe  ootiide  of  the  roof  to  ba 
tbatebed  thick  with  atraw  or  healh ;  and  heath,  brushwood,  or 
Cr  toM,  to  befllled  In  between  the  Dotaide  boardinxandlJieaai^ 
mrMlBf  Krcnnd,  andtheDneatl)  Ibatelied  or  tarfcdorer.  The 
bottonof  tbe  home,  for  S  feel  deep,  to  he  laid  with  taqce  lo^i  ot 
•tanea,  neat  with  heath,  fir  lopi,  or  brushwood,  awl  Iben  wiib 
•trVW.  Theicehtiuae, when ibni completed, will hwklikeaxraare 
bM-khe  jDvetied,  and  ta  then  ready  to  receii  b  the  ice  or  snow 

ValeM  the  boase  la  In  a  very  ihad*  plaee,  tt  ma;  be  neceaaar; 
to  «xteMl  the  roof,  where  the  door  I*  plaoed,  S  or  S  feet,  nak- 
Inf  a  aeeond  (tmble  and  door,  inlabcd  in  the  same  way  a*  the 
IrM.  and  ftl  ap  the  idterveninf  apace,  except  a  pasiage,  with 
beath  or  atraw. 

nt  beat  toil  for  an  Ifle  honse  t«  l>e  made  in  ii  ehalk.  aa  II 
<oanji  away  the  waate  water  without  anj  artiicial  drain ; 
ant  M  (iMt,  iooie  aton;  earth  or  RraTelly  aoll.  lu  allMiioa 
•boold  h«  OB  the  aide  of  a  hill,  fi>r  the  advanuge  of  entering 
the  cell  npon  a  leTel,  aa  in  Ibe  dr««lnir- 

To  eonttmci  an  iee  faoase,  Vnt  cfaoeie  a  proper  place  at  a 
«An«eofaBl  dlitanee  ffwn  the  d«ellin|t-hoB«a,  ar  boaie  it  ii  to 
Mrra ;  df;  a  carity  (If  for  one  fhailt)',  wT  Ilia  diatenriona  speoi- 
■•d  in  Ibe  deaiyn)  of  tbe  Bsorc  of  an  inverted  cone,  ainkinf  tbe 


hill,  or  into  a  well,  to  make  it  comronalcate  *iia  lac  apiinga, 
and  in  that  drain  form  a  iiiok  or  air-lrap,  narked  /,  b;  ainkigf 
the  drain  ao  mach  iooer  in  Utat  place  at  It  ii  high,  and  brioa  % 
partition  from  the  top  an  Inch  or  more  into  Ihc  water,  which 
wiU  coaaeiiuentljr  be  in  tbe  trap,  and  will  keep  the  well  alr- 
ligbt.  Work  up  a  auBcicnt  onmber  of  brick  picn  to  recciTe  a 
cart  wheel,  to  be  laid  with  ill  convex  ilde  npwardi  to  recei*« 
tb«  ioe ;  laj  hiuKlIca  of  atraw  npon  tbe  wheel,  which  will  lei  Um 
raetled  ice  drain  Ihroogh,  and  aervo  ai  a  floor.  Tbe  lidea  and 
dome  of  tbe  cone  are  to  be  nine  lochei  thick — the  aidci  (o  be 
dorte  ID  itceoed  brickwork,  i.e.  withont  mortar,  and  wronjcht 
at  rinht  ao^le*  to  tbe  face  of  the  work  :  the  6liin)[  in  behind 
ihould  he  with  gravel,  loose  itones,  or  brickbati,  that  tbe  water 
which  draini  tbroofb  tbe  aMei  ma;  the  more  eauilf  escape  into 
the  well.  The  doors  of  the  ice  home  should  be  made  as  fIom 
plar^  alwBjs  before  lb* 

Description  of  the 
parts  referred  to  by 
the  lelleri :  ~m.  th« 
line  Grai  dog  out ;  1^ 
tbe  brick  oifowB- 
ferenoe  of  tho  oaH  i 
e,  the  dinioutiwi  •! 
tbe  cell  dewnwardai 
^the  lesier  dlametoc 
of  the  cell;  *,  Iheeact 
wheel  Of  ioisti  and 
hnrdle* ;  /  the  plera 
to  reoeive  tbe  wheal 
or  Ooor  ;  y,  the  prii- 
cipal  reoeplacle  (uc 
straw;    A,  the   inner 


door  each  ;  I,  . 

trap,  as  ia  tbe  apper 
G)(urei  ■■.  the  wall: 
n.  Dip  profile  of  Iho 
I ;  a.  tbe  ire  filled  in  i  f>.  UM  hdKbl  of  the  cone  ;  f ,  tbe  do«>« 
led  in  "*o  half-brick  arebeai  r,  the  arched  paiaaga;  a. 
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the  door-wa;i  iasetted  in  the  walls ;  I,  the  floor  of  (be  passage ; 
II,  an  aperture  throogh  which  Ihe  ice  may  be  put  iato  the  cell. 
Tbia  must  be  covered  next  the  crown  of  tlie  dome,  and  then 
filled  ia  with  the  earth,  x,  the  sloping  door,  agarnst  which  the 
ttraw  should  be  laid.  The  ice,  when  to  be  put  in,  sboald  be 
callectcd  during  the  frost,  broken  into  small  pieces,  and  ram- 
med down  hard  in  Strata  of  not  more  than  a  foot,  in  order  to 
make  it  one  complete  bod; ;  the  care  in  putting  it  in,  and  well 
ramming  it,  tends  mnch  to  lis  preservation.  In  a  season 
when  ice  is  notto  be  had  in  sufficient  quantities,  snow  may  be 
substilnted. 

Mode  offiUing  the  Hotue.—Whtn  the  icei  or  snow,  if  ice 
cannot  be  procured,  is  put  into  the  boQse,  it  must  be  well 
beaten  down  with  a  pavier's  ramoier,  or  mallet,  and  the  surface 
^livayi  kept  eoncave ;  by  this  means  any  soow  or  jce  that  ma; 
melt  will  run  to  the  middle,  or  interstices,  and  freeze.  For 
the  same  reason,  the  surface  ofihe  ice  ought  alwajs  to  be  kept 
concave  when  ice  is  taken  out  for  ase. 

Should  the  frost  be  very  intense,  when  the  ice  home  is  get- 
ting filled,  it  may  be  very  benehcial  at  the  close  of  each  day's 
filling  to  throw  in  30  or  40  pails  full  of  water,  which  will  fill  the 
instcrtices  and  freeze. 

When  the  house  is  full,  spread  opon  the  concave  surface 
a  carpet,  or  sail,  split  up  the  middle,  and  put  upon  the  top 
thereof  a  foot  thick  of  straw. 

When  ice  is  requited  for  the  nse  of  the  family,  or  when  it  is 
necessary  to  put  in  fresh  meat  to  lie  on  the  face  of  the  ice  for 
preservation,  or  to  lake  out  for  nse,  the  straw  and  catpel,  or 
■ail,  to  he  opened  at  the  middle. 

Should  rats  infest  the  place,  an  iron  wire  frame  or  case  may 
be  required  to  put  the  meat  or  Gsb,  &C.  into,  when  Ijing  on  the 

A  smnll  open  surface  drain  ought  to  be  dug  round  tbe  bouse, 
to  prevent  any  water  running  into  it. 

Opening  the  door  of  the  house  does  little  harm.  Damp  or 
dense  substances  touching  the  ice  ia  much  more  prejudicial 
llian  dry  nir. 

ICH  DIEN,  a  motto  of  the  Prince  ofWalcs's  arms,  signify- 
ing, in  the  High  Dutch,  "  I  serve."  The  three  ostrich  feathers, 
and  the  molto  Ich  Dien,  were  worn  by  the  king  of  Bohemia, 
alatn  by  the  Black  Prince  in  the  battle  of  Crecy,  and  were 
adopted  as  a  memorial  of  Hie  victory. 

ICHNOGKAPHf ,  in  Perspective,  the  view  of  any  thing  cut 
off  by  a  plane,  parallel  to  the  horizon,  jnat  at  the  base  of  the 
object  Among  painters,  it  signifies  the  descriptions  of  Images, 
or  of  ancient  stnluca  of  marble,  copper,  or  bronze,  of  busts 
and  semi-busts,  of  paintings  in  fresco,  mosaic  works,  and 
ancient  pieces  of  miniature. 

IcHNOGRAPHY,  in  Architectnre,  is  a  transverse  or  hoiizonlal 
aeciion  of  a  building,  exhibiting  tbe  plot  of  the  whole  edifice, 
and  nf  the  several  rooms  or  apartments  in  any  story,  together 
with  the  thickness  of  the  walls  and  partitions,  the  dimensions 
of  the  doors,  windows,  chimney  pieces,  recesses,  alcoves, 
the  projections  of  all  columns  and  piers,  with  every  thing 
visible  in  snch  a  section. 

ICHTHYOLOGY,  that  part  of  zoology  which  Irenta  of 
fisheg,  their  history,  anatomy,  physiology,  and  habitudes;  and 
which  offers  a  systematic  eipoailioa  of  all  the  Bnny  tribe.  Set 
Fishes. 

ICONOCLASTS,  in  Cbarcb  History.an  appellation  given  to 
those  persons  who,  in  the  8th  century,  opposed  image  worship. 

ICOSAHEDRON.  in  Geometry,  one  of  the  regular  plalonic 
bodies,  comprehended  under  twenty  eqnal  triangular  sides  or 
faces.  Or,  an  icosahedron  may  be  conceived  to  consist  of 
twenty  equal  triangular  pyramids,  whose  vertices  or  tops  unite 
In  one  common  point,  which  will  be  the  centre  of  the  circum- 
scribing sphere. 

To  find  the  Surfaet  and  Solidity  of  an  leoiahedrott,  the  Side  of 
oneofitt  equal  Fatti  being  given. — Let  *  represent  the  given 
side;  then  will 

surface  =  6i'  V  3  =  8fl602M03i' 

•olidily  =  \f  -J — -~^-- — =  a-lSlfiOMH 

T^  Radim  cf  ihe  Splure  eirtumteribing  an  Icoiahedren  bung 


given,  to  find  Hi  Side  or  Linear  Edge,  Surfkc;  and  Solidiif.^ 
Let  R  represent  the  given  radius,  then  will 

■"" =  ''^( — i^^) 

surface  =  2  R'  (5  ^  3  —  -s/  1S> 

solidity =  |  R'  C  (10  +  2  v  5) 

Or  putting  r  to  represent  tbe  radius  of  the  inscribed  sphdre, 
we  shall  have 

side =   rv'(42—  18  ,/  5) 

surface =:  2r'(7  ./ S  —  3  s/  15) 

solidity =  I0r»(7  v*  3—  3V  15) 

Or  writing  *  for  the  side,  we  have 

radius  circnm.  sphere  ■=.  \f>/  ( ^ ) 

radius  inscrih.  sphere  —  \$-,/  ( jj-^ — j 

IDES,  in  the  Roman  Calendar,  were  certain  days  in  each 
month,  which  commenced  on  the  fifteenth  day  of  March,  May, 
July,  and  October,  but  on  the  thirteenth  in  all  tbe  other  moollu. 
The  Romans  had  also  the  kalends  and  nones,  ^be  first  day  of 
the  month  was  called  kalendtt ;  and  the  7th  of  March,  Ma;, 
July,  and  October,  was  called  the  noni* ;  but  in  all  the  other 
months  of  tbe  year  the  6th  was  called  the  nontt,  lu  reckooiog 
the;  went  back,  as  is  shewn  in  the  following  table. 
A  T*BLE  oftk*  Kalendt,  None;  mnd  Idee. 


D.J. 


,ril.  Jnn 


i7= 


IDENTITY,  denotes  that  by  which  a  thing;  js  itself  and  bM 
any  thing  else. 

IDIOM,  among  grammarians,  properly  sigoifiea  the  peealiu 
gcnins  of  each  language,  but  is  olfea  used  in  a  Byaoniatss 
■enie  with  dialed. 

IDIOSYNCRASY,  among  pbjsicians,  denotes  a  pecniisr 
temperaniCDt  of  body,  whereby  it  is  rendered  more  liiUeif 
certain  disorders  than  persons  of  a  different  coiuiiiuiiaa 
nsuatly  are. 

IDIOTS,  in  Law.    An  idiot  ii  a  [col  or  madman  from  1m 
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iiA:i\i(y.  Arcordioi?  to  the  statute  of  17  Edward  II.  c.  0,  the 
kin^  hIiuU  have  the  eusiody  of  the  lands  of  natural  fools,  takinjc 
the  profits  of  them  without  waste  or  destruction,  and  shall  find 
them  necessaries.  And  after  the  deatli  of  them  he  shall  render 
it  to  the  riuht  heir.  Bat  it  seldom  happens  that  a  jury  finds  a 
man  an  idiot  from  his  nativity,  but  only  non  eompo*  mentis, 
from  some  particular  time  ;  in  which  case  he  comes  under  the 
denomination  of  a  lunatic,  of  whose  lands  the  kinf;  shall  not 
ha\c  the  profit,  but  is  accountable  for  the  same  to  the  lunatic 
when  he  comes  to  his  right  miod,  or  to  his  executors  or  admi- 
nistrators. An  idiot,  or  person  non  compoM,  may  inherit  and 
purchase  ;  and  if  he  marry  and  die.  his  uife  shall  be  endowed. 
It  is  a  general  rule,  that  idiot.n  and  lunatics  being  incapable  of 
judging  between  good  and  e? il,  are  punishable  by  no  criminal 
prosecution  whatsoever.  Acts  solemnly  acknowledged  by  them 
in  a  court  of  record,  as  fines  and  recoveries,  and  the  uses  de- 
clared on  them,  are  good,  and  cannot  be  a? oided  by  themselves 
or  representatives.  But  durijig  their  lunacy,  they  are  incapa- 
ble of  making  any  will  or  testament,  as  are  also  persons  grown 
childish  from  extreme  old  age.  When  an  idiot  sues  or  defends 
be  must  appear  :  but  a  lunatic  shall  appear  by  guardian  or  by 
attorney. 

IGNIS  Fatlts,  a  common  meteor,  chiefly  seen  in  dark 
nights,  frequenting  meadows,  marshes,  and  other  moist  places, 
and  often  seen  in  burying-grounds  and  near  dungliils.  It  is 
know  n  among  the  country-people  by  the  appelation  of  Will  with 
«  Wisp  and  Jack  with  a  Lantern,  Sir  Isaac  Newton  calls  it  a 
vapour  shining  without  heat ;  and  it  has  been  supposed  to  be 
of  the  tame  nature  with  the  light  issuing  from  putrescent  suIh 
atanees.  Willoughby  and  Ray  were  of  opinion  that  it  is  occa- 
sioned by  shining  insects ;  but  all  the  appearances  of  it  ob- 
served by  Dr.  Derham,  Beccaria,  and  others,  sufliciently  evince 
tbat  it  must  be  an  ignited  vapour.  The  form  and  size  of  the 
tones  fotui  are  Tcry  various  and  often  variable.  The  late  expe- 
nmcnts  on  air  serve  to  furnish  a  rational  explication  of  this  phe- 
nomenon, to  which  the  ignorant  and  superstitious  have  ascribed 
to  many  alarming  purposes.  Inflammable  air  has  been  found  to 
be  the  roost  common  of  all  the  factitious  airs  in  nature,  and  to  be 
the  asual  product  of  the  putrefaction  and  decomposition  of  ve- 
getable substances  in  water;  and  Signior  Volta.  in  a  letter  to 
1>r,  Priestley,  informs  him  that  he  fires  inflammable  air  by  the 
electric  spark,  even  when  the  electricity  is  very  moderate;  and 
he  supposes  that  this  experiment  explains  the  inllamniation  of 
the  tgnesfttui,  pro%ided  they  consist  of  inflammable  air  issuing 
from  iiiarshy  ground,  by  the  help  of  the  electricity,  of  fogs,  and 
by  falling  stars,  which  are  very  probably  thought  to  have  an 
electrical  origin. 

I>r.  Shaw  describes  an  ignis  fatutis,  which  he  saw  in  the 
Holy  Land,  tliat  was  sometimes  globular,  or  in  the  form  of  the 
flame  of  a  candle,  and  immediately  afterwards  spread  itself  so 
much  as  to  involve  the  whole  company  in  a  pale  inotfenvive 
light,  and  then  contract  itself  again,  and  suddenly  disappear. 
Hot  in  less  than  a  minute  it  would  become  viniblo  as  before  ; 
or,  running  along  from  one  place  to  another  with  a  swift  pro- 
gressi\e  motion,  would  expand  itself  at  certain  intervals  over 
more  than  two  or  three  acres  of  the  adjacent  mountains. 
The  atmosphere  at  this  time  had  been  thick  and  hazy  ;  and  the 
dew  on  their  bridles  was  usually  clammy  and  unctuous,  .it 
aea  also,  in  similar  weather,  he  observed  those  electrical 
luminous  appenr»nces  skip  about  the  masts  and  }ards  of  ships, 
and  which  may  also  frequently  be  seen  pla}ing  at  night  on  the 
arms  of  soldiers  encmiped  in  low  grounds. 

IGNITION,  the  application  of  fire  to  metals,  till  they  become 
red-hot  without  melting.  Ignition  takes  place  in  gold.  siUer, 
and  iron ;  but  lead  and  tin  melt  before  they  are  red-hot. 

ILEX,  in  Botany,  holly,  a  genus  of  the  tetrandria  tetragynia 
class  and  order. — Natural  order  of  DomosoD.  Rhamni,  Ju^.nieu. 
There  are  sixteen  species.  This  genus  consists  of  small  trees, 
shrubs  with  alternate  leaves,  evergreen,  toothed,  or  thorny  ;  and 
axillary,  many-flowered  peduncles.  I.  Aqnifolium. common  holly, 
is  usuiiil}  from  twenty  to  thirty  feet  in  height,  though  it  sometimes 
exceeds  sixty  feet.  The  holly  makes  an  impenetrable  fence, 
and  bears  cropping  well,  nor  does  its  verdure  suflTer  from  the 
sercrest  of  oar  winters.  The  wood  is  the  whitest  of  ail  hard 
woods.  Sheep  and  deer  are  fed  during  the  winter  with  the 
eroppingt.    Birds  eal  the  berries.— -The  hark  fermented  and 


afterwards  washed  from  the  woody  fibres,  makes  the  common 
birdlime. 

ILIAC  Passion,  a  violent  dangerous  kind  of  cholic  ;  cMlled 
also  valvulus,  miserere  met,  ^nd  ch«riUpsus,  It  takes  its  name 
from  the  intestine  t/ian,  on  account  of  its  being  usually  aUccted 
in  this  distemper ;  or  perhaps  from  the  Greek  verb  iiAiiv,  **  to 
wind  or  twist;'"  whence  also  the  Latins  call  it  vmlrulus. 

ILLECEBHUM,  a  genus  of  plants  l>elonging  to  the  pentan- 
dria  class,  and  in  the  natural  method  ranking  under  the  V2ih 
holoracea*. 

ILLICH'M,  a  genus  of  plants  belonging  to  the  deeandria 
class;  and  in  the  natural  method  ranking  with  those  of  which 
the  order  is  doubtful. 

ILLUMINATING,  a  kind  of  miniature  painting,  anciently 
much  practised  for  illustrating  and  adorning  books.  Besides 
the  writers  of  books,  there  were  artists  whose  profession  was 
to  ornament  and  paint  manuscripts,  who  were  called  illumina- 
tors ;  the  writers  of  books  first  finished  their  part,  and  the 
illuminators  embellished  them  with  ornamented  letters  and 
paintings.  We  frequently  find  blanks  left  in  manuscripts  for 
the  illuminators,  which  were  never  filled  up.  Some  of  the 
ancient  manuscripts  are  gilt  and  burni»hed  in  a  st}le  superi<»r 
to  later  times.  Their  colours  were  excellent,  and  their  skill  in 
prepnrintr  them  must  have  been  very  great. 

ILLl  MIN  ATION,  that  which^esults  from,  or  the  effect  of. 
a  liiiiiinouH  body. 

IMAGE,  in  Optics,  is  the  appearance  of  an  object  made 
either  by  reflection  or  refraction.     See  Lens,  Mirror,  Kkflkc- 

Tlo\.  and   Rl-FKACTION. 

IMAGE,  in  a  religious  sense,  is  an  artificial  representation 
or  similitude  of  some  person  or  thing,  used  either  by  way  of 
decoration  and  ornament,  or  as  an  object  of  relijsious  wori^htp 
and  adoration  ;  in  which  last  sense  it  is  used  indifl^erently  with 
the  word  Idol.  The  noble  Romans  preserved  the  image.*  of 
their  ancestors  with  a  great  deal  of  care  and  concern,  and  had 
them  carried  in  procession  at  their  funerals  and  triumphs; 
these  were  commonly  made  of  wax,  or  wood,  thou  ;h  sometimes 
of  marble  or  brass.  They  placed  them  in  the  vestibule  of  :.ieii 
houses ;  and  they  were  to  stay  there,  even  if  the  hnnses  hap 
pened  to  be  sold,  it  being  accounted  impious  to  displace  them 

Imaof,  in  Rhetoric,  also  signifies  a  lively  description  of  any 
thing  in  discourse. 

Imagks.  in  discourse,  are  defined  by  Longinus  to  be.  in  gene- 
ral, any  thoughts  proper  to  produce  expressions,  and  which 
present  a  kind  of  picture  to  the  mind.  But  in  the  more  limited 
sense,  he  .savs,  imagcji  are  such  discourses  as  come  from  us, 
when,  by  a  kind  of  enthusiasm,  or  an  extraordinary  emotion  of 
the  soul,  we  present  them  before  the  eyes  of  those  who  hear  us. 

Images,  in  Rhetoric,  have  a  very  difl*erenl  use  from  what 
they  have  among  the  poets ;  the  end  principally  proposed  in 
poetr>  is,  astonishment  and  surprise;  whereas  the  thing  chiefly 
aimed  at  in  prose,  is  to  paint  things  naturally,  and  to  shew 
them  clearly.  They  have  this,  however,  in  common,  that  they 
both  tend  to  move,  each  in  its  kind. 

These  Images  or  Pictures  are  of  vast  use  to  give  weight,  mag- 
nificence, and  strength,  to  a  discourse.  They  warm  and  ani- 
mate it;  and  when  managed  with  art,  according  to  Longinus, 
seem,  as  it  were,  to  tamo  and  subdue  the  hearer,  and  put  him 
in  the  power  of  the  speaker. 

IM  AGl N.\RY  Qt'ASTiTiES,  or  Impossible  Quantities,  in  Alge- 
bra, are  certain  expressions  that  arise  in  various  algebraical 
and  trigonometrical  operations,  to  which  no  value  either  ra- 
tional or  irrational  can  l»e  assigned,  yet  being  substituted  in  the 
equation  whence  they  were  deduced,  they  are  found  to  answer 
the  condition  of  the  question. 

I  MACr.  NATION,  a  power  or  faculty  of  the  mind,  whereby  it 
coneeixcH  and  forms  ideas  of  things  communicated  to  it  by  the 
outward  organs  of  sense.  Though  the  fancy  and  the  imagina- 
tion are  neaily  allied,  yet  these  faculties  are  distinct. 

IMAM,  or  Iman,  a  minister  in  the  Mahometan  church, 
answering'  to  a  parish  priest  among  us.  The  word  properly 
signifies  what  we  call  a  prelate,  antistes,  one  who  presides  over 
others  ;  but  the  Mussulmen  frequently  apply  it  to  a  perM>o 
wIki  his  the  care  and  intendancy  of  a  mosque,  who  is  always 
first  thtre,  and  reads  pra>ers  to  the  people,  which  they 
repeat  after  him.    Imam  is  also  Applied*  by  way  of  esccUeaoe, 
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to  the  four  chiefs  or  founders  of  the  foar  principal  sects  in  the 
Mahometan  religion.  Thus,  Ali  is  the  Imam  of  the  Persians, 
or  of  the  sect  of  the  Schiates ;  Abu-beker  the  Imam  of  the 
Sunites,  which  is  the  sect  followed  by  the  Turks;  Sapbii  or 
Saf-y,  the  Imam  of  another  sect,  &c. 

IMBECILITY,  a  languid  infirm  state  of  the  body,  which 
being  greatly  impaired,  is  not  able  to  perform  its  usual  exer- 
cises and  functions. 

IMBEZZLE,  signifies  to  steal  or  secrete  goods,  &c.  intrusted 
to  a  person's  charge.  Servants  embezzling  their  masters' 
goods  to  the  value  of  40s.  are  guilty  of  felony,  and  subject  to 
transportation. 

IMBIBING,  the  action  of  a  dry  porous  body,  that  absorbs  or 
takes  up  a  moist  or  fluid  one:  thus  sugar  imbibes  water ;  a 
•ponge,  the  moisture  of  the  air,  &c. 

IMBRICATED,  is  used  by  some  botanists,  to  express  the 
figure  of  the  leaves  of  some  plants  which  are  hollowed  like  an 
imbrex,  or  gutter-tile,  or  are  laid  in  close  series  over  one 
another  like  the  tiles  of  a  house. 

IMITATION,  derived  from  the  Latin  imitare,  **  to  repre- 
sent or  repeat,"  a  sound  or  action,  either  exactly  or  nearly  in 
the  same  manner  as  they  were  originally  exhibited. 

Imitation,  in  Music,  admits  of  two  diflerent  senses  ;  sound 
and  motion  are  either  capable  of  imitating  themselves  by  a 
repetition  of  their  own  particular  modes,  or  of  imitating  other 
objects  of  a  nobler  and  more  abstracted  nature. 

Imitation,  in  Oratory,  is  an  endeavour  to  resemble  a 
speaker  or  writer,  in  those  qualities  with  regard  to  which  we 
propose  them  to  ourselves  as  patterns.  The  first  historians 
among  the  Romans,  says  Cicero,  were  very  dry  and  jejune,  till 
they  began  to  imitate  the  Greeks,  and  then  they  became  their 
rivals.  It  is  well  known  how  closely  Virgil  has  imitated 
Homer  in  his  i£neid,  Hesiod  in  his  Georgics,  and  Theocri- 
tus in  his  Eclogues.  Terrence  copied  after  Menander;  and 
Plautus  after  Epicarmus,  as  we  learn  from  Horace,  lib.  ii. 
ad  Augus.  who  himself  owes  many  of  bis  beauties  to  the 
Greek  lyric  poets.  Cicero  appears,  from  many  passages  in 
bis  writings,  to  have  imitated  the  Greek  orators.  Thus  Quin- 
tilian  says  of  him,  that  he  has  expressed  the  strength  and  sub- 
limity of  Demosthenes,  the  copiousness  of  Plato,  and  the 
delicacy  of  Socrates. 

IMITATIVE,  in  Music,  a  term  applicable  to  that  music  which 
is  composed  in  imitation  of  the  efiects  of  some  of  the  operations 
of  nature,  art.  or  human  passion. 

IMMATERIAL,  something  devoid  of  matter,  or  that  is  pure 
spirit. 

IMMEMORIAL,  in  Law,  an  epithet  given  to  the  time  or  du- 
ration of  any  thing  whose  beginning  we  know  nothing  of.  In  a 
legal  sense,  a  thing  is  said  to  be  of  time  immemorial,  that  was 
before  the  time  of  King  Edward  II. 

IMMENSITY,  an  unlimited  extension,  or  which  no  finite 
and  determinate  space,  repeated  ever  so  often,  can  equal. 

IMMERSION,  in  Astronomy,  is  when  a  planet,  comet,  or 
other  heavenly  body  approaches  so  near  to  conjunction  with  the 
sun,  that  it  is  enveloped  in  his  rays,  and  lost  to  our  observation. 
Immersion  also  denotes  the  beginning  of  an  eclipse,  or  of  au 
occultiitioo,  when  the  body  or  any  part  first  begin  to  disappear, 
either  behind  another  body  or  in  its  shadow  ;  as  in  an  eclipse 
of  the  sun,  when  the  disc  is  first  covered  by  the  edge  of  the 
moon ;  or  as  in  an  eclipse  of  the  latter  body,  when  she  first 
enters  the  terrestrial  shadow. 

IMMUTABILITY,  one  of  the  divine  attributes.  The  immu- 
tability of  God  is  two.fold,  physical  and  moral.  The  first  con- 
sists in  this,  that  the  divine  essence  does  not,  nor  possibly  can. 
receive  any  alteration  ;  and  the  moral  immutability  is  founded 
CD  the  perfection  of  bis  nature,  whereby  he  always  wills  the 
tame  things,  or  such  as  are  best  on  the  whole. 

IMPALPABLE,  that  whose  parts  are  so  extremely  minute 
that  they  cannot  be  distinguished  by  the  senses,  particularly  by 
that  of  feeling. 

IMPANNELING,  in  Law,  signifies  the  writing  down  or 
entering  into  parchment  list,  or  schedule,  the  names  of  a  jury 
tommoned  by  the  sheriff  to  appear  for  snob  public  services 
as  juries  are  employed  In. 

IMPARLANCE,  in  Law,  a  petition  in  cdurt  for  a  day  to 
€MuMei  or  advise  what  answer  the  defendant  shall  make  to 


the  plaintiff's  action,  and  is  the  continuance  of  the  cause  tOI 
another  day,  or  a  longer  time  given  by  the  court. 

IMPASSIBLE,  that  which  is  exempt  from  sofferiog;  or 
which  cannot  undergo  pain  or  alteration.  The  Stoics  place  the 
souls  of  their  wise  men  in  an  impassible,  imperturbable  state. 

IMPASTATION,  the  mixture  of  various  materials  of  differ- 
ent  colours  and  consistencies,  baked  or  boand  tof^ther  witi 
some  cement,  and  hardened  either  by  the  air  or  by  fire. 

IMPATIENS,  Touch-me-notj  and  Baltamme^  a  genos  of 
plants  belonging  to  the  syngenesia  class ;  and  in  the  naUinl 
method  ranking  under  the  24th  order,  oorydales. 

IMPEACHMENT,  an  accusation  and  prosecution  for  tre»> 
sou,  and  other  crimes  and  misdemeanours.  Any  member  of 
the  lower  house  of  parliament  may  impeach  any  one  beiongii^ 
either  to  that  body  or  to  the  house  of  lords.  The  method  of 
proceeding  is  to  exhibit  articles  on  the  behalf  of  the  oommoDt, 
by  whom  managers  are  appointed  to  make  good  tbeir  chaige. 
These  articles  are  carried  to  the  lords,  by  whom  every  person 
impeached  by  the  commons  is  always  tried;  and  if  tbey  fad. 
him  guilty,  no  pardon  under  the  great  seal  can  be  pleaded  to 
such  an  impeachment,  12  William  III.  cap.  2.  The  most  oele 
brated  impeachment  in  our  own  times  was  that  of  the  lalt 
Warren  Hastings. 

IifPBACHMENT  of  Wastb,  signifies  a  restraint  from  com- 
mitting of  a  waste  upon  lands  and  tenements 

IMPEDIMENTS,  in  Law,  are  such  hinderances  as  pot  a 
stop  or  stay  to  a  person  seeking  for  his  right  by  due  course  of 
law.  Persons  under  impediments,  are  those  under  age  or 
coverture,  non  compos  mentu,  in  prison,  beyond  the  sea,  &c.  kt, 
who,  by  a  saving  in  our  laws,  have  time  to  claim  and  prote» 
cute  their  rights,  after  the  impediments  are  removed,  in  ease  of 
fines  levied,  &c. 

IMPENETRABILITY,  forms  a  discriminaUng  feature  of 
body.  This  principle  is  commonly  regarded  as  an  axiom,  hotitii 
a  truth  derived  from  early  and  invariable  experience.  It  resli 
on  the  incontrovertible  fact,  that  no  two  bodies  can  ooeopy  tht 
same  space  in  the  same  precise  instant  of  time.  Had  the  cast 
indeed  been  otherwise,  each  body  might  be  successively  ab- 
sorbed into  the  substance  of  another,  till  the  whole  frame  of  the 
universe,  collapsing  into  a  point,  were  lost  in  the  vortex  sf 
annihilation.  But  although  the  most  palpable  ohservatiM 
sufficiently  attests  the  impossibility  of  the  mntaal  compeactn- 
lion  of  bodies,  yet  this  property  may  be  farther  illostrated  asd 
confirmed  by  a  few  simple  experiments.  I.  A  vessel  heiiif  M- 
ed  to  the  brim  with  water,  if  any  solid  incapable  of  dissolvia| 
in  that  liquid,  be  plunged  in  it,  a  portion  of  the  water  will  •?«• 
flow,  exactly  equal  to  the  bulk  of  the  wood  or  metal  immened. 
2.  If  a  cylinder  be  gradually  pressed  downwards  into  a  glasi 
cylinder  partly  filled  with  water,  the  liquid  will  rise  proportioo- 
ally,  till  the  space  passed  over  by  its  surface  shall  bo  e^ 
to  the  portion  of  the  cylinder  introduced.  These  two  experi- 
ments shew  that  water  opposes  the  entrance  of  a  solid  sob- 
stance,  and  retires  on  all  sides  to  give  room  for  its  advaaee. 
Simple  as  the  fact  appears,  it  was  first  distinctly  noticod  1^ 
Archimedes,  who  made  it  the  ground  of  his  hydrostatical  thooty. 

The  same  truth  is  evinced  by  other  experiments.  3b.  If  • 
cork  be  rammed  hard  into  the  neck  of  a  phial  filled  with  valer, 
the  phial  will  burst,  while  its  neck  remains  entire.  4w  Bladden 
filled  with  water,  and  disposed  upon  a  table,  will  sapportveiy 
large  weights  placed  on  a  board  which  has  been  laid  over  theik 
5.  The  same  experiment  will  equally  succeed  with  bladden 
blown  full  of  air.  6.  The  disposition  of  the  air  to  resist  il 
penetration  is  made  conspicuous  in  another  way.  Let  a  laife 
and  very  tall  glass  vessel  be  nearly  filled  with  water,  on  tht 
surface  of  which  a  lighted  taper  is  set  to  float ;  if,  over  lUi 
glass,  a  smaller  cylindrical  vessel,  likewise  of  glass,  be  iaverled 
and  pressed  downwards,  the  contained  air  maintalninf  its  place. 
the  internal  body  of  the  water  will  descend,  while  the  rest  vOI 
rise  up  at  the  sides,  and  the  taper  will  appear  for  some  iccoili 
to  burn,  encompassed  by  the  whole  mass  of  liquid. 

IMPERATIVE,  one  of  the  moods  of  a  verb,  ased  wfaeo  m 
would  command,  entreat,  or  advise. 

IMPERFECT,  something  that  is  defective,  or  that  wants 
some  of  the  properties  found  in  other  beings  of  the  same  kind: 
thus  mosses  are  called  imperfect  plants,  becaose  almost  il 
the  parts  of  fructification  are  waotiof  in  them. 
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lypF.RFECT  Sumbers,  such  whose  aliquot  parts  taken  together 
do  either  exceed  or  fall  short  of  that  whole  number  of  which 
they  are  parts :  they  arc  either  abundant  or  deficient. 

IMPETIGENES.  in  Medicine,  descriptive  of  those  disorders 
which,  from  a  fceneral  had  habit,  manifest  themscl? es  principal- 
ly by  di5fi|(uring  the  skin  and  external  parts  of  the  body. 

IMPETUS,  in  Mechanics,  the  force  with  which  one  body  im- 
pels or  strikes  another. 

IMPLEAD,  to  sue  or  prosecute  by  course  of  law. 

IMPLICATION,  in  Law,  is  when  something  is  implied  that 
if  not  expressed  by  the  parties  themselves  in  their  deeds,  con- 
tracts, or  agreements. 

IMPLY,  To^  or  Carry,  in  Music.  These  wc  have  used  as 
synonymous  terms  in  that  article.  They  are  intended  to  sig- 
nify those  sounds  which  ought  to  be  the  proper  concomitants 
of  an^  note,  whether  by  its  own  nature,  or  by  its  position  in 
artificial  harmony.  Thus  every  note,  considered  as  an  inde- 
pendent sound,  may  be  said  to  carr?  or  imply  its  natural  har- 
monies, that  is  to  say,  its  octave,  its  twelfth,  and  its  seven- 
teenth; or,  when  reduced,  its  eighth,  its  fifth,  and  its  third. 
But  the  same  sound,  when  considered  as  constituting  any  part 
of  harmony,  is  subjected  to  other  laws  and  different  limitations. 
It  can  only  be  said  to  carry  or  imply  such  simple  sounds,  or 
complication  of  sound,  as  the  preceding  and  subsequent  chords 
admit  or  require.  For  these  the  laws  of  melody  and  harmony 
must  be  consulted.    See  Melody  and  Harmony. 

IMPONDERABLE  Substances,  are  light  heat,  and  elcctri- 
city,  which  have  no  sensible  weight. 

IMPORTATION,  the  act  of  bringing  goods  into  a  country 
from  foreign  parts.  It  has  generally  been  considered,  that  for 
any  country  to  carry  on  a  profitable  trade,  it  is  necessary  that 
the  rtlue  of  the  goods  sent  out  of  it  should  be  greater  than  that 
of  the  articles  imported;  this,  however,  is  a  very  erooeous 
axiom,  unless  it  is  understood  with  great  limitations.  All  arti- 
eles  of  merchandise  imported  merely  for  re-exportation,  and 
also  such  as  are  used  or  worked  up  in  our  own  manufactures, 
are  far  from  being  hurtful  to  our  commerce,  and  may  even,  in 
many  respects,  be  deemed  of  equal  profit  with  our  own  native 
commodities.  It  is  therefore  an  excess  of  such  importations 
alone,  as  are  either  for  mere  luxury  or  mere  necessity,  or  for 
both  together,  which  is  disadvantageous  to  the  country. 

IMPOST,  in  Architecture,  a  capital  or  plinth  to  a  pillar  or 
pilaster,  or  pier  that  supports  an  arch,  &c. 

Impost,  in  Law,  signifies,  in  general,  a  tribute  or  custom, 
but  is  more  particularly  applied  to  signify  that  tax  which  the 
crown  receives  for  merchandises  imported  into  any  port  or 
bavtn. 

IMP08THUME,  or  Abscess,  a  collection  of  matter  or  pus 
in  any  part  of  the  body,  either  owing  to  an  obstruction  of  the 
fluids  in  that  part,  which  makes  them  change  into  such  matter, 
or  a  translation  of  it  fVom  some  other  part,  where  it  was  gene- 
rated. 

IMPOSTOR,  In  a  general  sense,  denotes  a  person  who 
cheats  by  a  fictitious  character. 

Impostors,  tUHgitnu^  are  such  as  falsely  pretend  ta  an 
extraordinary  commission  from  heaven,  and  who  terrify  and 
abose  the  people  with  false  denunciations  of  judgments.  Ttiosc 
are  ponishable  in  the  temporal  court  with  fine,  imprisonment, 
and  infamous  corporal  punishment. 

IMPOTENCE,  or  Impotekcy,  in  general,  denotes  want  of 
strength,  power,  or  means  to  perform  nny  thing.  Divines  and 
philosophers  distinguish  two  .nort.^  of  impotency :  natural  and 
moral.  The  first  is  a  want  of  some  phynical  principle,  neces- 
sary to  an  action ;  or  where  a  being  is  absolutely  defective,  or 
•ot  free  and  at  liberty  to  act:  the  second  only  imports  a  great 
difienlty  ;  as  a  strong  habit  to  the  contrarv,  violent  passion,  or 
the  like. 

IMPRECATION,  (derived  from  im  and  preeor,  "I  pray,") 
a  curse,  or  wish  that  some  evil  niny  befull  any  one.  The 
ancients  had  their  goddesses  called  imprecations,  in  Latin 
Dirm,  i.  e.  De^mm  irtr,  who  were  soppoivcd  to  he  the  execo- 
fiooers  of  evil  consciences.  They  were  called  lYirw  in  heaven. 
Furies  on  earth,  and  Eumenides  in  hell.  The  Romans  owned 
bot  three  of  these  imprecations,  and  the  Greeks  only  two. 
They  invoked  them  with  prayers  and  pieces  of  verses,  to  destroy 
tbeir  enemies. 

62. 


IMPREGNATION,  the  state  of  a  female  being  with  youn^. 
See  Conception.  The  term  impregnation  is  also  used  lo 
Pharmacy,  for  communicating  the  \irtnes  of  one  medicine  to 
another,  whether  b}  mixture,  coction,  digestion,  &c. 

IMPRESSING  Seamkn.  The  power  of  impressing  sea. 
faring  men  for  the  sea  service  by  the  king'ji  commission,  has 
been  a  matter  of  some  dispute,  and  submitted  to  with  great 
reluctance ;  though  it  has  very  clearly  and  learnedly  been 
shewn  by  Sir  Michael  Forfiter,  that  the  practice  of  impressing, 
and  granting  powers  to  the  admiralty  for  that  purpose,  is  of  a 
very  ancient  date,  and  has  been  uniformly  contiuued  by  a  regular 
scries  of  precedents  to  the  present  time:  whence  he  concludes 
it  to  be  part  of  the  common  law.  The  difficulty  arises  from 
hence,  that  no  statute  has  expressly  declared  this  power  to  bo 
in  the  crown,  though  many  of  them  very  strongly  imply  it. 
The  statute  2  Rich.  II.  c.  4.  speaks  of  mariners  being  arrested 
and  retained  for  the  king's  service,  as  of  a  thing  well  known, 
and  practised  without  dispute;  and  pro\ides  the  remedy 
against  the  running  away.  By  a  later  statute,  if  any  water- 
man, who  uses  the  Thames,  shall  hide  himself  during  the  exe- 
cution of  any  comniis.Hton  of  pressing  for  the  king's  service,  he 
is  liable  to  heavy  penalties.  By  another,  (6  Eliz.  c.  6.)  no 
fisherman  shall  be  taken  by  the  queen's  commission  to  serve 
as  a  mariner ;  but  the  commission  shall  be  brought  first  to  two 
justices  of  the  peace  inhabiting  near  the  sea-coast,  where  the 
mariners  are  to  be  taken,  to  the  intent  that  the  justices  may 
choose  out  and  return  such  a  number  of  able-bodied  men,  as  in 
the  commission  are  contained,  to  ser\e  her  majesty.  And  by 
others,  especial  protections  are  allowed  to  seamen  in  particular 
circumstances,  to  prevent  them  from  being  impressed.  Ferry* 
men  are  also  said  to  be  privileged  from  being  impressed,  at 
common  law.  All  which  do  most  evidently  imply  a  power  of 
impressing  to  reside  somewhere ;  and  if  any  where,  it  must,  from 
the  spirit  of  our  constitution,  as  well  as  from  the  frequent  men- 
tion of  the  king's  commission,  reside  in  the  crown  alone.  After 
all,  however,  this  method  of  manning  the  nnvy  is  to  be  con- 
sidered as  only  defensible  from  public  necessity,  to  which  all 
private  consideration  must  give  way.  The  following  persons 
are  exempted  from  being  impressed: — Apprentices  for  three 
years ;  the  master,  mate,  carpenter,  anfl  one  men  for  every  100 
tons,  of  vessels  employed  in  the  coal  trade;  all  under  18  years 
of  age,  and  above  66;  foreigners  in  merchant  ships  and  pri« 
vateers  ;  landmen  betaking  themselves  to  sea  for  two  years; 
seamen  in  the  Greenland  fishery,  and  harpooners,  employed, 
during  the  interval  of  the  fishing  season,  in  the  coal  trade,  and 
giving  security  to  go  to  the  fishing  next  season. 

IMPRESSION,  is  applied  to  a  species  of  objects  which  are 
supposed  to  make  some  mark  or  impression  on  the  senses,  the 
mind,  and  the  memory.  The  Peripatetics  assert,  that  bodies 
emit  species  resembling  them,  which  are  conveyed  to  the  com- 
mon tnufn'ifm,  and  they  are  rendered  intelligible  by  the  active 
intellect;  and  when  thus  spiritoaliced,  are  called  expressions, 
or  express  species,  as  being  expressed  from  the  others. 

Impression,  also  denotes  the  edition  of  a  book,  regarding 
the  mechanical  part  only  ;  whereas,  besides  this,  it  takes  the 
care  of  the  editor,  who  corrected  or  augmented  the  copy,  add- 
ing notes.  Ice.  to  render  the  work  more  useful. 

IMPRISONMENT,  the  slate  of  a  person  restrained  of  liif 
liberty,  and  detained  under  the  custody  of  nnother.  No  per- 
son is  to  be  imprisoned  but  as  the  law  directs,  either  by  the 
command  or  order  of  a  court  of  record,  or  by  lawful  warrant; 
or  the  king's  process,  on  which  one  may  be  lawfully  detained. 
And  at  common  law,  a  person  could  not  be  imprisoned  unless 
he  were  guilty  of  some  force  and  violence,  for  which  his  body 
was  subject  to  imprisonment,  as  one  of  the  highest  executions. 
Where  the  law  f^ives  power  to  Imprison,  in  lueh  cases  it  is 
justifiable,  provided  he  that  does  It  in  pursuance  of  a  statute, 
exactly  pursues  the  statute  in  the  manner  of  doinr  it ;  for 
otherwise  it  will  be  deemed  false  imprisonment,  and  of  conse- 
quence it  is  unjustifiable.  Every  warrant  of  commitment  for 
imprisonment  ought  to  run,  **  till  delivered  by  doe  course  of 
law,"  and  *«not  until  further  order;"  which  has  been  held  ill: 
and  thus  it  also  is.  where  one  is  Imprisoned  on  a  warrant  not 
mentioning  any  csniie  for  which  he  is  committed.  But  an  act 
of  this  kind  can  rarely  occur  in  Britain. 

jp(s£f#  iMPaisoNMiLNT.    Evcry  confinemeot  of  the  person  is 
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an  imprisonment,  whether  it  be  in  common  prison,  or  in  a  pri- 
vate house,  or  in  the  stoolcs,  or  even  by  forcibly  detaining  one 
in  the  public  streets.  Unlawful  or  false  imprisonment,  consists 
in  such  confinement  or  detention  without  sufficient  authority : 
which  authority  may  arise  either  from  some  process  from  the 
courts  of  justice ;  or  from  some  warrant  from  a  legal  power  to 
commit,  under  his  hand  and  seal,  and  expressing  the  cause  of 
SQch  commitment ;  or  from  some  other  special  cause  warranted, 
for  the  necessity  of  the  thing,  either  by  common  law  or  act  of 
parliament;  such  as  the  arresting  of  a  felon  by  a  private  per- 
son without  warrant,  the  impressing  of  mariners  for  the  public 
service,  or  the  apprehending  of  waggoners  for  misbehaviour  in 
the  public  highways.  False  imprisonment  also  may  arise  by 
executing  a  lawful  warrant  or  process  at  an  unlawful  time,  as 
on  a  Sunday ;  or  in  a  place  privileged  from  arrests,  as  in  the 
verge  of  the  king's  court.  This  is  the  injury.  The  remedy  is 
of  two  sorts,  the  one  removing  the  injury,  the  other  making 
satisfaction  for  it.  The  satisfactory  remedy  for  this  injury  of 
false  imprisonment,  which  is  generally  and  almost  unavoid- 
ably accompanied  with  a  charge  of  assault  and  battery  also,  is, 
that  the  party  therein  shall  recover  damages  for  the  injuries  he 
has  received ;  and  also  the  defendant  i^,  as  for  all  other  injuries 
committed  with  force,  or  vi  et  armis,  liable  to  pay  a  fine  to  the 
king  for  the  violation  of  the  public  peace. 

IMPROPRIATION,  is  when  a  benefice  ecclesiastical  is  in 
the  hands  of  a  layman,  and  Appropriation  when  in  the  hands  of 
a  bishop,  college,  or  religious  house.  It  is  said  there  are  3845 
impropriations  in  England. 

IMPULSE,  a  momentary  action, or  force,  such  as  that  which 
arises  from  the  sudden  explosion  of  fired  gunpowder,  or  the 
momentum  of  a  moving  body. 

IMPULSION,  in  Mechanical  philosophy,  a  term  employed 
for  expressing  a  supposed  peculiar  exertion  of  the  powers  of 
foody,  by  which  a  moving  body  changes  the  motion  of  another 
body  by  hitting  or  striking  it.  The  plainest  case  of  this  action 
is,  when  a  body  in  motion  hits  another  body  at  rest,  and  puts 
it  in  motion  by  the  stroke.  The  body  thus  put  in  motion  is  said 
to  be  impelled  by  the  other ;  and  this  way  of  producing  motion 
is  called  impulsion,  to  distinguish  it  from  pression,  pushing,  or 
protrusion,  by  which  we  push  a  body  from  its  place  without 
striking  it.  The  term  has  been  gradually  extended  to  every 
change  of  motion  occasioned  by  the  collision  of  bodies.  See 
Mechanics. 

IMPULSIVE,  relating  to  impulse. 

IMPUTATION,  in  general,  the  charging  something  to  the 
account  of  one  which  belonged  to  another;  thus  the  assertors 
of  original  sin  maintain,  that  Adam's  sin  is  imputed  to  all  his 
posterity.  In  the  same  sense,  the  righte3usness  and  merits 
of  Christ  are  imputed  to  true  believers. 

INACCESSIBLE,  that  which  cannot  be  approached ;  thus 
we  say  inaccessible  height^  distance,  Sfc*  See  Accessible 
Height  and  Distance. 

INALIENABLE,  that  which  cannot  be  legally  alienatied  or 
made  over  to  another:  thus  the  dominions  of  the  king,  the 
revenues  of  the  church,  the  estates  of  a  minor,  &c.  are  inalien- 
able, otherwise  than  with  a  reserve  of  the  right  of  redemption. 

INARCHING,  in  Gardening,  a  method  of  grafting,  usually 
called  grafting  by  approach. 

INAUGURATION,  the  coronation  of  an  emperor  or  king. 
or  the  consecration  of  a  prelate  ;  so  called  from  the  ceremonies 
used  by  the  Romans,  when  they  were  received  into  the  college 
of  augurs. 

IN  AUTRE  DROIT,  in  another's  right,  is  where  executors 
or  administrators  sue  for  debt  or  duty,  &c.  of  the  testator  or 
intestate. 

INCANTATION,  denotes  certain  ceremonies,  accompanied 
with  a  formula  of  words,  and  supposed  to  be  capable  of  raising 
devils,  spirits,  &c.    See  Charm,  &c. 

INCAPACITY,  in  the  Canon  law,  is  of  two  kinds.  1.  The 
want  of  dispensation  for  age  in  a  minor,  for  legitimation  in  a 
bastard,  and  the  like :  this  renders  the  provision  of  a  benefice 
void  in  its  original.  2.  Crimes  and  heinous  ofiences,  which 
annul  provisions  at  first  valid. 

INCARNATION,  in  Theology,  denotes  the  act  whereby  the 
Son  of  God  assumed  the  human  nature ;  or  the  mystery  by 
which  Jesus  Christ,  the  eternal  Word,  was  made  man,  in  order 


to  accomplish  the  work  of  oar  salvation.  The  era  ased  among 
Christians,  whence  tbev  number  their  years,  is  the  time  ot 
the  incarnation,  that  is,  of  Christ's  conception  iD  the  virgin's 
womb. 

INCENDIARY,  in  Law,  is  applied  to  one  who  is  goilty  of 
maliciously  setting  fire  to  another's  dwelling-boase ;  and  all 
houses  that  are  parcel  thereof,  though  not  cootigaoas  to  it,  or 
under  the  same  roof,  as  4>arns  and  stables.  A  bare  intent  or 
attempt  to  do  this,  by  actually  setting  fire  to  a  house,  unless  it 
absolutely  burns,  does  not  fall  within  the  description  of  taren^ 
et  consumpsit.  But  the  burning  and  consnmin^  of  any  part  b 
sufficient,  thongh  the  fire  be  afterwards  extinguished.  It  most 
also  be  a  malicious  burning;  otherwise  it  is  only  a  trespass. 
This  ofl'ence  is  called  arson  in  our  law. 

INCENSE,  or  Frankincense,  in  the  Materia  Mediem,  he, 
a  dry  resinous  substance,  known  among  authors  by  the  names 
thus  and  olibanum.  Incense  is  a  rich  odour,  with  which  the 
Pagans  and  the  Roman  Catholics  still  perfume  their  temples 
altars,  &c.  The  words  come  from  the  Latin  incennam,  f.^ 
burnt ;  as  taking  the  efi'ect  for  the  thing  itself.  The  bnrniBg 
of  incense  made  part  of  the  daily  service  of  the  ancient  Jewish 
church.  The  priests  drew  lots  to  know  who  should  offer  it ; 
the  destined  person  took  a  large  silver  dish,  inwbichaasa 
censer  full  of  incense;  and  being  accompanied  by  another 
priest  carrying  some  live  coals  from  the  altar,  went  into  the 
temple.  There,  in  order  to  give  notice  to  the  people,  they 
struck  upon  an  instrument  of  brass,  placed  between  the  temple 
and  the  altar ;  and  being  returned  to  the  altar,  he  who  brought  the 
fire  to  the  altar  left  it  there,  and  went  away.  Then  the  offerer  of 
incense  having  said  a  prayer  or  two,  waited  the  signal,  which 
was  the  burning  of  the  holocaust;  immediately  upon  which  be 
set  fire  to  the  incense,  the  whole  multitude  continuing  all  tlie 
time  in  prayer.  The  quantity  of  incense  oflTered  each  day  wis 
half  a  pound  in  the  morning,  and  as  much  at  night. 

The  reason  of  this  continual  burning  of  incense  might  be, 
that  the  multitude  of  victims  that  were  continually  offered  op, 
would  have  made  the  temple  smell  like  a  slaughter-house,  and 
consequently  have  inspired  the  comers  rather  with  disgust  aid 
aversion,  than  awe  and  reverence,  had  it  not  been  overpowered 
by  the  agreeable  fragrance  of  those  perfumes. 

INCEST,  is  the  carnal  knowledgeofpersons  withio  theLefi- 
tical  degrees  of  kindred. 

INCH,  a  measure  of  length;  being  the  12th  part  of  afoot, 
and  equal  to  three  barleycorns  in  length. 

INCHASING.    See  Enchasing. 

INCIDENCE,  in  Mechanics  and  Optics,  is  used  to  denote 
the  direction  in  which  a  body  or  ray  of  light  strikes  another 
body,  and  is  otherwise  called  inclination.  In  moving  bodies, 
their  incidence  is  said  to  be  perpendicular  or  oblique,  aceordiog 
as  their  lines  of  motion  make  a  straight  line  or  an  angle  attbe 
point  of  contact. 

Angle  of  Incidence,  generally  denotes  the  angle  fonned 
by  the  line  of  incidence  aiid  sl  line  drawn  from  the  poiot 
of  contact  perpendicular  to  the  plane  or  surface  on  which  tht 

body  or  ray  impinges.  Thus  if  a  hodj 
A  impignes  on  the  plane  D  B,  at  the 
point  B,  and  the  perpendicular  BH 
be  drawn,  then  the  angle  A  B  H  is  ge- 
nerally called  the  angle  of  incidence, 
and  A  B  D  the  angle  of  incnnatioa. 
j2  Dr.  Wallis,  however,  and  some  other 
old  authors,  call  the  angle  A  B  D  the 
angle  of  incidence,  being  that  included  between  the  line  of  iod- 
dence,  and  the  surfaces  of  the  plane  on  which  the  body  nn- 
pinges ;  the  complement  of  that  angle,  as  A  B  H,  being  by  these 
writers  called  the  angle  of  inclination.  Other  distinctions  are 
made  by  Wolfius  in  the  denomination  of  these  angles,  but  thej 
arc  of  very  trilling  importance. 

1.  It  is  demonstrated  by  writers  on  optics,  that  the  angle  of 
in<*Jdence  A  B  H,  is  always  equal  to  the  anirle  of  reflectio 
H  B  C  ;  or  the  angle  A  B  D  zi  angle  C  B  E.  See  RtrLECTioiN-. 
2.  It  has  also  been  demonstiated  from  experiment,  that  the 
angles  of  incidence  and  refraction  are  to  each  other,  accurately 
or  very  nearly,  in  a  given  ratio.  3.  That  from  air  to  glass  the 
sine  of  the  angle  of  incidence  is  to  the  sine  of  the  refracted 
angle,  as  300  to  193,  or  nearly  as  14  to  9 ;  andoo  the  coatrarji 
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fiom  |;U«i  to  air,  the  angle  of  iocidence  to  iliai  of  refraclioo,  it 
U  103  to  MO,  or  marly  as  0  la  14.     See  Kkfractiun. 

Axil  oflsciDiLNCE,  ii  the  Jinc  B  H  in  tlie  precedJDg  Rfnire. 

Lint  ol  IsanzscL,  at  Uciotht  Rail,  ia  Catopirici  and  Di- 
•ptriet,  U  the  line  of  direction  ia  wlilcli  a  ray  is  propaKated,  a* 
(he  line  A  U,  in  Ibe  above  figure  -,  tbis  is  also  called  iLe  Ihct- 
DENT  Raif. 

Point  ofTNCiDF.N'CB,  is  the  poiot  where  the  ineidenl  raj  meet* 
Ibe  renectinjc  or  rerrnciinf;  body  ;  such  is  tlie  point  B. 

INCIDENT,  sijcoilies  a  tbiug  Dece*«aril)i  depending  apoD 
anotber  as  more  principal. 

INCLINATION,  denotes  tbe  mutoal  approaeh  or  icndenry 
of  two  bodies,  lines,  or  planes,  toward*  each  olber,  lo  that  the 
liae*  of  their  direction  niHlic  at  Ihe  point  of  contact  any  angle 
af  Erealer  or  less  maicnitide. 

Inclination  ofa  Righi  Line  lo  a  Plane,  is  tbe  acale  anfcle 
wbicb  such  a  ri;;ht  line  makes  with  another  riKhl  line,  drawn  in 
the  plane  ibrough  Ibe  point  where  the  inclined  line  intersects 
it,  and  through  tbe  point,  where  it  is  also  cut  by  a  perpeudi- 
cnlar  drawn  from  any  point  of  Ibe  inclined  lines. 

Inclination  of  Mtridiant.  in  Uiatlinjc.  the  an^le  that  the 
boar  line  on  the  globe,  which  is  perpendicular  to  tbe  dial  plane, 
makes  with  tbe  metidiaa. 

Inclination  of  an  /aciVnit  Any,  otherwise  called  the  angle 
of  Inclination.    See  Angle  of  Incidence. 

Inclination  ofa  BefifcUd  Aay,  is  the  angle  which  a  ray 
after  refraction  makes  with  the  axis  of  inclination. 

Inclination  of  the  Azitcfilie  Earik,  Is  the  angle  which  it 
makes  with  Ihe  plane  of  Ihe  eclipiio ;  or  the  angla  between  the 
planes  of  the  equator  and  ecliptic. 

Inclination  of  Ihe  Magnetic  Nredle.     See  Dipfins  Keedle. 

Inclination  ofa  Planet,  is  an  aic  or  angle  comprehended 
between  tbe  ecliptic,  and  the  plane  of  a  planet  in  iln  orbit. 

Inclination  ofa  f/anc,  in  Dialling,  is  the  arc  of  a  vertical 
circle  perpendicular  bolh  lo  the  plane  and  to  the  horizon,  and 
Intercepted  between  them. 

Inclination  of  two  Planet,  is  Ihe  acute  an;:1c  made  by  two 
lines  drawn  one  in  each  plane,  through  a  comuion  point  of  sec- 
tion, and  perpendicular  to  tbe  same  common  scctiuo. 

Inclination.  Angle  of,  in  Optics,  is  the  same  that  is  other- 
wise called  (he  angle  of  Incidcncp.. 

INCLINED  Plane,  in  Mechanics,  as  the  name  fmporU,  is 
k  plinewhicbforiDi  with  an  borizoiilal  plane  any  angle  whatever, 
farming  one  of  the  simple  mechanical  powers.  The  inclinaiioo 
of  tbe  plane  U  measured  by  the  angle  formed  by  two  lines 
drawn  from  the  sloping  and  the  horiiootal  plane,  perpendicular 
to  their  common  intersection.  The  principal  mechanical  pro- 
perties of  lite  inclined  plane  are  as  fallows  ;  tii. 

1.  When  a  body  is  sustained  upon  an  inclined  plane,  the 
anstaining  power,  or  weight,  will  be  to  tlie  weight  of  the  body, 
fts  Ihe  sine  of  the  plane's  inclination  i*  to  the  sine  uf  the  an^'c 
which  the  direction  of  the  power  makes  with  a  perpendicular 
lo  the  plane. 

Thus,  let  A  B  be  an  inclined  plane,  _ 

W  BWeight  sustained  opoo  that  plane 
by  the  power.WF  the  line  of  the  direc- 
tion of  the  power,  and  WCa  perpcndi- 
colar  to  the  plane  A  I)  :  then 

P:W::sinei  ABC  sine  i  FWC. 
When  WPcoincidcs  with  W\.  that  14, 
vihcn  the  power  acts  in  a  direction  pa- 
rallel to  BA,  tbrnlbe  proportion  be- 
comes P:W;:  sine  of  plane's  incli- 
nation :  radius ;  or,  wbieb  is  tbe  same  thine,  P  :  W  : :  A  C : 
BAi  that  is, 

the  power  :  weight : :  height  of  the  plane  ;  its  lenilb. 

When  a  plane  isinctinedlo  the  horizon  one  third  of  its  whole 
len|:lh,  any  body  will  be  kept  fnim  rolling  down  Ihal  plane,  hj 
«  power  equal  lo  a  third  part  of  the  weight  of  Iho  body.  If  D  A 
tie  six  feet  and  B  l>  two  fed :  then  if  C  tie  six  pounds,  a  power 
of  two  pounds  will  support  it:  if  the  hciglii  nf  ihe  plane  be 
canal  lo  half  its  length,  a  power  equal  to  half  the  welRbt 
or  the  body  will  support  it:  but  a  |il:ine  perpendicularly 
■ilaaled,  ought  not  to  come  under  the  dcnaminalion  of  (his 
article,  because  the  plane  in  such  •  direction  roniiihntcs 
ts  tli«  Nppoil  ai  biodcTBiice  of  tbe  falling  bodj,  wbich 
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deseendswitb  Ms  whole  force 
of  gravity,  unlesi  prevented 
by  a  power  equal  to  ita 
whole  weigbL 

I(  it  ubvioDs  from  this 
illustration,  that  the  less  the 
angle  of  elevation,  or  (ba 
gentler  the  aactiit  i«.  (he 
greater  will  be  the  weight  which  a  given  power  can  draw  up; 
lor  the  sterpcr  the  inclined  plane  is,  ibe  less  does  it  support  of 
the  weight  1  and  the  gioaicr  the  tendency  which  the  weight  has 
lo  roll,  coDsequciiliy  the  more  difficult  fur  ihe  power  to  support 
it  :  hence  the  adranlaue  gained  by  Ibis  mechanical  power  is  u 
great  as  its  length  (  A  l>>  exceeds  ils  perpendicular  height  (BD). 
'J.  if  luo  bodici  keep  each  oibrr  in  cquilihrio.  by  a  string 
passing  over  the  \cric«  nf  two  dillcrent  inclined  planes,  ih« 
weight*  ol  the  bodies  u  ill  he  to  each  other  as  the  aioes  of  tbe 
angles  of  inelinniion  of  Lhe  opposite  planes. 

Thai  is,  W :  I'  : :  sine  ^  U  C  A  :  sine  /,  ABC; 

.  or         W  ;  I' : :  B  A  :  A  C  ; 

because  the  sides  of  triangles  are  to 
earh  oihcr  as  the  sines  of  their  oppo- 
site angles. 

The  (rlucitf  acquired  hy  a  !iOdy  dc- 
sceiiilingby  the  action  ufgravily  down 
an  iiicliurri  plane,  is  to  Ibe  veliieily  of 
~      a  body  fulliog  pctprndicularly  during 
the  »r.me  lime.'a*  the  height  of  the  plane  is  lo  the  leDRlh. 

The  force  wbcicti)  a  body  descends  ilown  an  inclined  plane 
is  lo  the  absolute  furcc  of  gravity,  as  the  height  of  the  plane  (o 
its  Icngih  ;  whieb  being  a  conitanl  ratio  for  ihc  same  plane,  it 
follows  thai  the  force  whereby  the  body  descends  is  oniform, 
and  consequently  that  it  will  produce  a  uniformly  accelerated 
motion.  Therefore  all  the  laws  laid  down  under  tbe  article 
Acceleration  have  equal  place  wilh  regard  to  bodies  on  in- 
clined planes,  by  merely  subMliliiling  fur  gravity  tbe  product  of 
gravity  into  the  sine  of  Ihe  plane's  inclination.  The  same  is 
also  true  with  regard  to  Ibe  tetaidalion  in  bodies  projected  up 
any  given  inclined  ptaues. 

3.  Hence  again  the  space  desrcoded  down  inclined  planet 
ia  lo  the  space  perpendicularly  described  in  the  same  lime,  at 
Ibe  height  of  tbe  plane  is  to  its  length. 

('un^eqiiently  ihe  velocities  acquired, 
md  the  spaces  descended  by  bodiet 
loan  different  inrlined  planes  in  the 
ante  tin<c,  arc  as  the  sine*  of  tbe  plane'a 


If  A  U  be  anv  inclined  plane,  and  I>  C 
be  drawn   perpeiidicniar   to  A   It;  Ihrn 
A  I',      while  a  body  falls  freely  through  the  per- 

pendicular BC  another  body  will  in  the  tame  time  descend 
down  tbe  pail  of  tbe  plane  B  D. 

II  Hence  we  deduce  the  following    cnrious 

propcily  of  bo-lics  descending  down  inclined 
planes,  lo  any  right-angled  Irinngle  having 
Its  hypolbcnuso  II C  perpendicular  lo  the 
horizon,  a  body  will  descend  down  any  of  its 
three  »ides.  B  H,  B  C,  DC,  in  the  tame  time. 
And  therefore,  if  on  the  diameter  BC  a  semi- 
circle be  described,  (he  lime  of  descendin(( 
down  any  chords  II  D,  B|y,  B  I»".  &e.  DC. 
"--  '  DC.  D'C.  Lr.  will  be  nil  e()ual,  and  each 
equal  to  Ibe  time  of  falling  freely  ibroogh  the 
diameter  B  C. 

The  linir  nf  dcsrendin;  down  an  inclined  plane.  Is  lo  Ihe 
time  iufalling  (I  ronsh  its  perpi-nilicular  height,  as  Ihe  length 
of  ihe  plane  is  Ii>  its  beighL  Consequently  the  limes  of  de- 
scending dn«n  ililfereDt  plaoci  of  the  same  height  arc  as  the 
leocths  uf  the  planes. 

A  body  aequitet  the  aane  Telocity  in  descending  down  an 
inclined  ptine.  at  in  falling  perpendicularly  Ihrough  the  height 
of  (he  plane.  Hence  Ibe  velocilie*  are  always  the  same  In 
planes  of  the  tame  aliiinde,  whatever  may  bo  their  degreet  of 
oelinntion. 
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wedges,  screns,  jacks,  &c.  are  all  used  in  mechanics  on 
the  kame  principle  ;  and  their  power  depeudf  on  the  proportion 
between  the  height  actually  attained,  and  the  length  of  the 
plane  moved  over. 

INCLINJSKSfOr  Inclining  Dials,  are  sunfa  as  are  drawn  on 
planes  that  are  not  perpendicular  to  the  horizon. 

INCLOSURES.  Any  person  who  shall  wilfully  or  malici- 
ously dcjitroy  or  iiam'd%&  any  fence  made  for  enclosing  any 
common  waste,  or  other  lands,  in  pursuance  of  any  act  of  par- 
Jiment,  shall  he  transported  for  seven  years. 

INCOMBUSTIBLE  Cloth.  See  Asbestos.  On  this,  Cron- 
stadt  observes,  that  the  natural  stone  of  the  asbesti  is  in  pro- 
portion to  their  economical  use,  both  being  very  inconsiderable. 
It  is  nn  old  tradition,  that  in  former  ages  they  made  clothes  of 
the  fibrous  nshesti,  which  is  said  to  be  oomposed  of  the  word 
bysaus ;  hut  it  is  not  very  probable,  since,  if  one  may  conclude 
from  some  trillea  now  made  of  it,  as  bags,  ribbons,  and  other 
things,  such  a  dress  could  neither  have  an  agreeable  appear- 
ance, nor  bo  of  any  oonvenienoy  or  advantage.  It  is  more 
probalile,  that  the  Scythians  dressed  their  dead  bodies  which 
were  to  be  burned,  in  a  cloth  manufactured  of  this  stone ;  and 
this  perhaps  has  occasioned  the  above  fable.  Mr.  Magellan 
confirms  this  opinion  of  Cronsladt's,  and  informs  us,  that  some 
of  the  Romans  also  enclosed  dead  bodies  in  cloth  oif  this  kind. 
In  the  year  1756  or  1757,  he  tells  us,  that  he  saw  a  large  piece 
of  asbestos  cloth  found  in  a  stone  tomb,  with  the  ashes  of  a 
Honian,  as  appeared  by  the  epitaph.  It  was  kept  with  the 
toiob  also,  if  our  author  remembers  rightly,  in  the  right 
wing  of  the  Vatican  library  at  Rome.  The  under  librarian,  in 
order  to  shew  that  it  was  Incnmbostible,  lighted  a  candle,  and 
let  some  drops  of  wax  fall  on  the  cloth,  which  he  set  on  fire  with 
a  candle  in  his  prenence,  without  any  detriment  to  the  cloth. 
Its  texture  was  coarse,  bat  much  softer  than  he  could  have 
expected. 

There  are  many  substances  of  vegetable  origin,  of  common 
domestic  use,  which  it  would  be  of  the  utmost  importance  to 
render  less  liable  to  beset  on  (Ire,  if  they  could  not  be  rendered 
incombustiblo  altogether.  Ifmuslins,  and  other  cotton  goods, 
be  dipped  in  a  weak  aolution  of  potass,  they  will  be  less  liable 
to  burn ;  but  the  objection  is,  that  by  the  attraction  of  moisture 
Arom  the  atmosphere,  they  would  bo  less  agreeable.  It  has 
also  been  found,  that  solntions  of  muriate,  sulphate,  phosphate, 
and  borate  of  ammonia,  with  borax,  render  cloth  incombustible. 
Acidulous  phosphate  of  lime  has  the  same  effect.  Linen,  mus- 
lin, wood,  or  paper,  dipped  in  a  solution  of  this  salt,  of  the 
specific  gravity  of  1*20  to  1*90,  are  completely  incombustible 
and  may  be  charred  by  intense  heat,  but  will  not  burn.  Seve- 
ral experiments  were  made  at  Venice  in  1807,  by  a  Monsieur 
Gonzatti,  with  a  liquor,  which  being  thrown  in  a  small  quantity 
on  any  combustible  article  on  Ore,  has  immediately  extinguish- 
ed it.  A  few  drops  only,  being  thrown  on  a  quantity  of  resin 
and  oil,  which  was  burning,  the  fire  was  immediately  extin- 
guished ;  and  it  was  said  that  a  layer  of  this  composition  being 
spread  upon  any  wood  work,  it  was  entirely  safe  from  combus- 
tion. The  inventor  would  not  make  known  the  preparation  of 
his  composition,  but  it  was  very  probably  a  solution  of  alum, 
potass,  and  vitriol. 

INCOMMENSURABLE  Lives,  are  such  as  have  no  com- 
mon measure.  The  diagonal  and  side  of  a  square  are  incommen- 
sarablo,  being  to  each  other  as  >/  2  to  1 ;  and  consequently 
whatever  number  of  parts  the  side  of  the  square  may  be  divided 
into,  the  hypothenuse  will  not  be  made  up  of  any  exact  number 
of  such  parts. 

Incommensurable  Numbers ,  or  Numbers  Prime  to  each  other, 
are  those  which  have  no  integral  common  measure  greater 
than  onity. 

If  numbers  bo  incommensurable  with  each  other,  they  are 
incommensurable  also  in  power,  that  is,  no  powers  of  such 
numbers  can  be  incommensurable  with  each  other. 

INCOMPLETE,  in  Botany,  a  term  used  to  denote  the  six- 
teenth class  of  the  Linnaean  ''  methodus  calycina,"  consisting  of 
plants  whose  flowers  want  either  the  calyx  or  petals. 

INCOMPOSITE  Numbers,  the  same  as  Prime  Numbers. 

INCORPORATION,  Power  of.  To  the  erection  of  any  cor- 
poration the  king's  consent  is  necessary,  either  impliedly  or 
expressly  given.    The  methods  by  which  the  king's  consent 


is  expressly  given  to  the  formation  of  a  body  politic,  are  either 
by  act  of  parliament  or  charter. 

INCREMENT,  in  the  doctrine  of  Increments,  or  Finite  Dif- 
ferences,  is  the  finite  increase  of  a  variable  quantity.  Dr.  Brooke 
Taylor,  to  whom  we  are  indebted  for  this  theory,  denoted  his 
increments  by  a  dot  under  the  variable  quantity  :  tlios  the  incre- 
ment of  x  was  denoted  by  x ;  Emmerson  also  employs  the  same 
notation  ;  others  have  used  a  small  aecent,  as  if,  or  thus  x. 
—Mr.  Nicole  denotes  the  increment  of  r,  or  any  variable,' 
by  n;  but  Euler,  uho  seems  to  have  given  a  permanent  form 
to  this  branch  of  analysis,  employs  the  character  A  ' ;  thus  the 
increment  of  x  r=  A  2:,  increment  of  ^  =  A  v,  &c. 

INCUBUS,  Nightmare,  a  disease  consisting  in  an  oppres- 
sion of  the  breast  so  very  violent,  that  the  patient  cannot  speak 
or  even  breathe.  The  word  is  derived  from  the  Latin  incuharf, 
to  ^*  lie  down"  on  any  thing  and  press  it.  The  Greeks  call  it 
f0(rcrXiK,  </.  d,  saltator,  '•  leaper,"  or  one  that  rasbcth  on  a  per- 
son. In  this  disease  the  senses  are  not  quite  lost,  but  drovoed 
and  astonished,  as  is  the  understanding  and  imagination,  so 
that  the  patient  seems  to  think  some  huge  weight  thrown  on 
him  ready  to  strangle  him.  Children  are  very  liable  to  this 
distemper ;  so  are  fat  people,  and  men  of  niach  study  and 
application  of  mind — because  the  stomach,  in  all  tbese,'fiads 
some  difficulty  in  digestion. 

INCUMBENT,  a  clerk  or  minister  who  is  resident  on  his 
benefice ;  he  is  called  incumbent,  because  he  does,  or  at  least 
ought  to,  bend  his  whole  study  to  discharge  the  care  of  bis 
church. 

INCURVATION  of  the  Rays  of  Light,  their  bending  oat 
of  the  rectilinear  or  straight  course,  occasioned  by  rcfractioo. 

INDEFINITE,  that  which  is  without  any  assigned  limits; 
thus  we  say  an  indefinite  line,  meaning  a  lino  of  any  leoictli. 
Some  authors  use  the  word  indefinite  nearly  in  the  same  seo»e 
as  we  commonly  attach  to  Uie  term  infinite.  Accordinf^  to 
these,  an  indefinite  lino  is  that  which  is  without  terminatios; 
the  f(  rmery  however,  is  the  sense  in  which  il  is  commonly  ein- 
ployed  by  modern  mathematicians. 

Indefinite,  in  Grammar,  is  understood  of  nouns,  pronoois. 
verbs,  participles,  articles,  Sec.  which  arc  left  in  an  anoeniio 
indeterminate  sense. 

INDELIBLE,  something  that  cannot  be  cancelled  or  effacfd, 
as  indelible  ink.    See  Ink. 

INDEMNITY,  in  Law,  the  saving  harmless  ;  or  a  writing  to 
secure  one  from  all  damage  and  danger  that  may  ensue  fron 
any  act. 

INDENTED,  in  Heraldry,  is  when  the  outline  of  an  ordinary 
is  notched  like  the  teeth  of  a  saw. 

INDENTURE,  in  Law,  a  writing  which  comprises  iome 
contract  between  two  at  least ;  being  indented  at  top,  answfr- 
able  to  another  part  which  has  the  same  contents.     See  Deed. 

INDEPENDENTS,  or  Congreoationalxsts,  a  seetofpro- 
testant  Dissenters,  so  called  from  their  founder,  maintaiain; 
that  all  Christian  congregations  are  so  many  independent  rHi- 
gious  societies,  having  a  ri^ht  to  be  governed  by  tbeir  own 
laws,  without  being  subject  to  any  further  or  foreign  jarisdie- 
tion. 

INDETERMINATE,  is  nearly  the  same  as  IndtfiniU,  tk 
former  being  applied  to  numbers,  as  the  latter  is  to  geometrical 
lines,  surfaces,  &c.  with  this  difi*erence,  however,  that  the  word 
indeterminate  commonly  implies  that  number  or  quantity  whose 
value  cannot  bo  assigned ;  and  the  former,  that  which  may  be  of 
any  magnitude. 

Indeterminate  Analysis,  is  a  very  interesting  branch  ef 
algebra,  in  which  there  are  always  given  a  greater  number  ofsn- 
known  quantities  than  there  are  independent  equations,  by  whicb 
means  the  number  of  solutions  is  indefinite,  though  it  commonlT 
happens  that  certain  restrictions  are  introduced,  such  as  re- 
quiring integral  or  rational  numbers,  which  frequently  limit 
the  number  of  solutions,  and  even  in  some  cases  render  tiit 
problem  impossible. 

INDETERMINATE  Problem,  in  Algebra,  is  that  which 
admits  of  many  difierent  solutions  and  answers,  called  also  as 
unlimited  problem. 

INDEX,  in  Arithmetio  and  Algebra,  is  the  same  as  expnneat 

Index  of  a  Z^^ariMm,  called  otherwise  the  Chmraeiwristie,  is 
the  integral  part  which  precedes  the  logartibm,  and  Is  alwsfi 
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one  lesii  than  the  nomher  of  intofcral  figures  in  the  fi^iven  num- 
ber. Or  otherwise,  the  index  is  always  e(|oal  to  the  number  of 
places  that  the  unit's  place  of  the  proposed  number  is  from  tlie 
first  effective  figure,  and  is  accounted  positive  uhen  the  first 
fijnire  lit  to  the  left  of  the  unit's  place,  and  ncf^ative  when  it  is 
to  the  ri)(ht. 

Indkx  of  a  Globe,  is  a  small  hand  fitted  to  the  extremity  of 
the  noith  pole,  which  turning  round  with  it  points  out  the  time 
upon  the  hour  circle. 

INDIA  Ri^BBFR.    See  Caoutchouc. 

INOICATIVB,  in  Grammar,  the  first  mood,  or  manner,  of 
conjugating  a  verb,  by  which  we  simply  affirm,  deny,  or  ask 
something. 

IN  DICTION,  or  Roman  Indictiok,  (from  indico,  to  pro- 
elmim,)  in  Chronology,  is  a  term  used  for  a  sort  of  epocha 
amongst  the  ancient  Romans;  tlie  origin  or  commencement  of 
vihich  is  not  distinctly  known.  The  Roman  indiction  consists  of 
a  cyde  of  fifteen  years,  and  when  expired  begins  anew,  and  goes 
on  again  in  the  same  order  without  any  dependence  on  the 
notions  of  the  heavenly  bodies.  The  popes  since  the  time  of 
Charlemagne  have  dated  their  acts  by  the  year  of  indirtion, 
which  was  fixed  on  the  first  of  January,  A.  1).  313.  At  the  time 
of  their  reformation  of  the  calendar,  the  year  1682  was  reckon- 
ed the  10th  year  of  the  indiction.  Now  this  date  when  divided 
by  15  leaves  a  remainder  7,  that  is,  3  less  than  the  indiction,  and 
the  same  must  necessarily  be  the  ease  in  all  subsequent  dates  ; 
therefore  to  find  the  indiction  for  any  year,  divide  the  date  by 
15,  and  add  3  to  the  remainder,  which  will  be  the  indiction  ; 

.  1826 

tbas  in  the  present  year  1826,  we  have  -rr-  =:  ;i2l,   and   re- 
mainder 14 ;  consequently  14  +  3  =  17,  the  indiction. 

INDICTMENT,  is  a  written  accusation  of  one  or  more  per- 
sons, of  a  crime  or  misdemeanor,  preferred  to,  and  pre:ientcd 
on  oath  by,  a  grand  jury.  An  indictment  may  be  found  on  the 
oath  of  one  witness,  unless  it  be' for  high  treason,  which  re- 
quires two  witnesses,  and  unless  in  any  instance  it  is  otheniiite 
specially  directed  by  acts  of  parliament.  The  sherifl*  of  every 
county  returns  to  every  session  of  the  peace,  and  every  com- 
mission of  oyer  and  terminer,  and  of  general  gaol  delivery, 
twenty-foor  good  and  lawful  men  of  the  county,  some  out  of 
every  hundred,  to  inquire,  present,  and  do  all  those  things, 
which  on  the  part  of  the  king  shall  be  commanded  therein. 
As  many  as  appear  are  sworn  of  the  grand  jury,  to  the  amount 
of  twelve  at  the  least,  and  not  more  than  twenty-three.  Being 
previously  instructed  in  the  articles  of  their  inquiry,  by  a 
charge  from  the  judge,  they  receive  indictments  preferred  to 
them  io  the  name  of  the  king,  but  at  the  suit  of  any  private 
prosecutor ;  and  they  only  hear  evidence  on  behalf  of  the  pro- 
secution. They  may  not  find  part  of  an  indictment  true  and 
part  false,  but  must  either  find  a  true  bill  or  an  ignoramus  for 
the  whole.  All  capital  crimes  whatsoever,  and  all  kinds  of 
inferior  crimes  which  are  of  a  public  nature,  may  be  indicted, 
bul  no  injuries  of  a  private  nature,  unless  they  iti  some  degree 
oooeem  the  king.  And  generally,  where  a  statute  prohibits  a 
matter  of  public  grievance,  or  commands  a  matter  of  public 
ooovenienee,  every  disobedience  to  it  is  puni.Hhnhle,  nut  onl}  at 
the  suit  of  the  party  grieved,  but  also  by  indictment.  Yet  if 
the  party  offending  have  been  fined  in  any  action  brought  by 
the  party,  such  fine  is  a  good  bar  to  the  indictment.  Several 
oiesders  committing  the  same  offence  may  be  joined  in  one 
indictment.  No  indictment  for  high  treason,  or  misprision 
thereof,  (except  indictments  for  counterfeiting  the  king's  coin, 
seal,  sign,  or  signet,)  shall  be  quashed  for  mis-reciting,  mis- 
spelling,  &C.  unless  exception  concerning  the  same  be  taken 
before  any  evidence  given  in  open  court,  on  such  indictment. 
An  indictment  accusing  a  man  in  general  terms,  without  a«cer- 
tsining  the  particular  fact  laid  to  his  charge,  is  insufficient ; 
nor  csn  it  be  good,  without  expressly  shewing  some  place 
where  the  offence  was  committed. 

There  are  several  words  of  art,  which  the  law  has  appro- 
priated for  the  description  of  an  offence,  which  no  circumlocu- 
tion will  supplv;  as  feloniously,  in  the  indictment  of  any 
felony ;  barglartouslv,  in  an  indictment  of  burglary.  And  an 
indictment  ou  the  black  act  for  shooting  at  any  person,  most 
•hanre  that  the  offeocs  was  done  wilfully  and  malicioaslT. 


No  clerk  of  assise,  clerk  of  the  peace,  oi  other  person,  is 
allowed  to  take  any  money  of  any  person  bound  over  to  gi%e 
evidence  against  a  traitor  or  felon,  for  the  discharge  of  his 
recognisance,  nor  more  than  two  shillings  for  drawing  any  hill 
of  indictment  against  any  such  felon,  on  pain  of  five  pounds  to 
the  party  grieved,  with  full  costs.  Every  person  chari^ed  with 
felony  or  other  crime,  who  on  his  trial  is  acquitted,  or  against 
whom  no  indictment  is  found  by  the  grand  jury,  or  who  Is  dis- 
charged by  proclamation  for  want  of  prosecution,  should  be 
immediately  set  at  large  in  open  court,  without  payment  of  any 
fee  to  the  sheriff  or  gaoler.  This  however  is  usually  deferred 
till  after  the  assises  or  sessions  are  over,  when  the  judge  or 
justiees  proceed  to  the  gaol  delivery. 

Upon  a  certificate  of  an  indictment  being  found,  for  ku 
assault  or  other  misdemeanor,  and  much  more  for  a  felony,  n 
warrant  is  issued,  on  the  application  of  the  prosecutor,  to  take 
the  party  into  custody,  and  he  may  he  held  to  bail  by  a  justice 
of  the  peace,  or  a  judge.  This  was  not  formerly  the  praetien 
npon  indictments,  but  an  action  cannot  be  brought  by  the  per- 
son acquitted,  against  the  prosecutor  of  the  indictment,  with- 
out obtaining  a  copy  of  tlie  record  of  his  indictment  and 
acquittal ;  which,  in  prosecutions  for  felony,  it  is  not  usual  to 
grant,  if  there  be  the  least  probable  cause  to  found  such  prose- 
cution upon.  But  an  action  on  the  case,  for  a  malieions  pro- 
secution, may  be  founded  on  such  an  indictment  whereon  no 
acquittal  can  be,  as,  if  it  be  rejected  by  the  grand  jury,  or  he 
coram  non  judice^  or  be  insufficiently  drawn ;  for  it  is  not  the 
danger  of  the  plaintiff,  but  the  scandal,  vexation,  and  expense, 
upon  which  this  action  is  founded.  However,  any  probable 
cause  for  preferring  it  is  sufficient  to  justify  the  defendant, 
provided  it  do  not  appear  that  the  prosecution  was  malicious. 

INDIGO,  a  dye  prepared  from  the  leaves  and  small  branclies 
of  the  Indigofera  tinetoria.  There  are  two  kinds,  the  true  and 
the  bastard.  The  produce  of  the  first  is  sold  at  a  higher  price, 
on  account  of  its  superiority ,  but  that  of  the  other  is  heavier. 
The  first  will  grow  in  many  soils ;  the  second  succeeds  best  in 
those  most  exposed  to  rain ;  both  are  liable  to  great  accidents. 
Sometimes  the  plant  becomes  dry.  and  is  destroyed  by  an 
insect  frecjacntly  found  on  it;  at  other  times  the  leaves  are 
devoured  in  the  space  of  twenty-four  hours  by  caterpillars.  It 
ought  to  be  gathered  in  with  great  precaution,  for  fear  of  shak- 
ing off  the  farina  that  lies  on  the  leaves,  and  is  very  valuable. 
When  gathered,  it  is  thrown  into  the  steeping-vat,  which  is  n 
large  tub  filled  with  water.  Here  it  undergoes  a  fermentation, 
which  in  twenty-four  hours,  at  farthest,  is  completed.  A  eock 
is  then  turned  to  let  tlie  water  (which  is  impregnated  with  n 
very  subtile  earth,  constituting  the  blue  substance)  run  into  the 
second  tub.  called  the  mortar  or  pounding  tub,  where  it  is 
forcibly  SKitnted  with  wooden  buckets,  full  of  holes,  and  fixed 
to  a  lung  handle.  When  the  workmen  perceive  that  the 
coloured  particles  collect  by  separating  from  the  rest  of  the 
liquor,  they  leave  off  shaking  the  buckets,  in  order  to  allcw 
tiuie  to  the  blue  drees  to  precipitate  to  the  bottom,  where  they 
arc  left  to  settle  till  the  water  is  quite  clear.  Holes  made  in 
the  tub  at  different  heights  are  then  opened  one  after  another, 
and  this  useless  water  is  let  out.  The  blue  dregs  remaining  at 
the  bottom  ha\in;c  acquired  the  consistence  of  a  thick  muddjr 
liquid,  corks  arc  opened,  which  draw  it  off  into  the  settler.  It 
is  tlienre  poured  into  linen  bags,  and  when  the  water  has 
sufficiently  drained  from  it.  it  is  formed  into  small  lumps  and 
dried  in  the  shade.  Indigo  is  used  in  washing,  to  give  a  bluish 
colour  to  linen :  painters  also  employ  it  in  their  water  colours ; 
and  dyers  cannot  make  fine  blue  without  it. 

Indigo  may  be  obtained  from  the  merium  tinotoriom,  and  the 
isatis  tinetoria,  or  woad ;  a  plant  cultivated  and  even  found 
wild  in  England.  When  arrived  at  maturity  this  plant  ii  enl 
down,  washed,  dried  hastily  in  the  sun.  ground  in  a  mill« 
placed  in  heaps,  and  allowed  to  ferment  for  a  fortnight.  It  is 
then  well  mixed,  and  made  up  into  balls,  which  are  piled  upon 
each  other,  and  exposed  to  the  wind  and  sun.  In  this  stutn 
they  become  hot,  and  exhale  a  putrid  amrooniaoal  smell.  Whea 
the  fermentation  has  continued  for  a  sufficient  time,  the  wond  i» 
allowed  to  fall  to  a  coarse  powder. 

The  solution  of  indigo  is  well  known  in  this  country  hy  tho 
name  of  liquid  blue,  or  snlphate  of  indigo.    While  coneen* 
tr»ted,  it  is  opaqae  and  Usck ;  hat  when  dilated,  it  assames  n 
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fine  de^p^  oolonr ;  and  its  Intensity  fs  such,  that  ft  slilgl^  drop  of ' 
the  concentrated  salphate  is  snfflcieDt  to  gpive  «  btae  eoloor  to 
many  pounds  of  water.  Ber((man  ascertained  the  effect  of 
differeot  re-ag^nts  on  this  solution.  Dropt  into  salphorous 
acid,  the  colour  was  at  first  blue,  then  green,  and  very  speedily 
destroyed.  In  vinegar  It  becomes  green,  and  in  a  few  weeks 
the  colour  disappears.  In  weak  potash  it  becomes  green,  and 
then  colourless.  In  weak  carbonate  of  potash  there  are  the 
same  changes,  bat  more  slowly.  In  ammonia  and  its  carbonate 
the  colour  becomes  green,  and  then  disappears.  In  a  solution 
of  sugar  it  became  green,  and  at  last  yellowish.  In  sulphate 
of  iron  the  colour  became  green,  and  in  three  weeks  dis- 
appeared. In  the  sulphorets  the  colour  was  destroyed  in  a 
few  hours.  Realgar,  white  oxide  of  arsenic,  and  orpiment, 
produced  no  change.  Black  oxide  of  manganese  destroyed 
the  colour  completely. 

INDIVIDUAL,  in  Logic,  a  particular  being  of  any  species, 
or  that  which  cannot  be  ditided  Into  two  or  more  beings  equal 
or  alike. 

INDIVISIBLE,  among  metaphysicians,  a  thing  is  said  to  be 
indivisibly  absolute,  absolutely  indivisible^  that  Is,  a  simple 
being,  and  consists  of  no  parts  itito  which  it  may  be  difided. 

INDIVISIBLES,  in  Geometry,  are  those  small  elements  or 
principles  into  which  any  body  or  ficure  may  be  resolved. 

According  to  the  principles  of  tliiS  method,  a  line  is  said  to 
consist  of  a  number  of  contiguous  points,  or  surface  of  lines, 
and  a  solid  of  surfaces  ;  and  because  ^ach  of  these  elements 
IS  supposed  indivisible,  if  in  anv  figure  a  line  be  drawn  through 
the  elements  perpendicularly,  the  number  of  points  In  that  line 
will  be  the  same  as  the  number  of  elements; 

Hence  it  follows  that  a  parallelogram,  prism,  or  cylinder,  is 
resolvable  into  elements,  or  indivisibles,  all  equal  to  each  other, 
parallel  and  like  to  the  base ;  and  a  triangle.  Into  Knes  parallel 
to  the  base,  but  decreasing  from  the  base  upwards  in  an  arith- 
metical progtTssion ;  so  also  the  circles  uhieh  constitute  the 
parabolic  xonoid,  and  the  several  eoceatrie  circumferences 
which  constitute  a  circle,  and  the  successive  circumferences 
which  make  up  the  surface  of  a  right  cone,  all  decrease  accord- 
ing to  the  satne  law» 

The  great  facility  attending  the  method  of  indivisibles  is 
very  obvious  in  the  demonstration  of  the  celebrated  theorem  of 
Archimedes,  viz,  "  Every  sphere  Is  two-thirds  of  its  circum- 
scribing cylinder,"  the  principles  of  which  are  as  follows. 

Letr    A  C    B, 


DEF,  andGH 
I  K,  represent  a 
hemisphere,  in- 
verted cone,  and 
cylinder,  havih|^ 
equal  bases  and 
altitudes,  and  all  standing  on  the  common  base  line'  A  F  K. 
Then  it  is  easily  demonstrated,  that  if  any  sections  be  made  in 
these  soKds,  by  a  plane  passing  parallel  to  the  common  base, 
that  the  Sf*ctitm  ef  of  the  cylinder  is  equal  to  the  two  sections 
ab,  cd,  of  the  hemisphere  and  cone ;  and  as  this  is  the  case  in 
every  parallel  position  of  the  cutting  plane,  it  follows  that 
the  sum  of  all  the  sections  of  the  cylinder,  is  equal  to  the  sum 
of  all  the  sections  of  the  hemisphere  and  cone ;  and  hence  it  is 
inferred,  that  the  solidity  of  the  cylinder  is  equal  to  the  soli- 
dity of  the  hemisphere  and  cone.  But  the  cone  is  a  third  part 
of  the  cylinder,  having  the  same  base  and  altitude,  hence  the 
hemisphere  is  equal  to  the  remaining  two-thirds. 

INDORSEMENT,  in  Law,  signifies  anv  thing  written  upon 
the  back  of  a  deed  or  other  instrument.  On  sealing  of  a  bond, 
the  condition  of  the  bond  may  be  indorsed.  In  order  to  the 
executing  a  iustice  of  the  peace's  warrant  in  another  county,  it 
must  he  indforsed  by  some  justice  In  stich  other  county,  ft  is 
customary  also  to  indorse  the  receipt  of  the  consideration- 
money  upon  a  deed.  Bills  of  Exchange  are  indorsed,  and 
every  indorser  is  liable  to  the  full  amount  of  the  bill  he  puts 
h:s  name  on. 

INDUCTION,  in  Lsw,  is  putting  a  clerk  or  clergyman  in 
possession  of  a  benefice  or  living  to  which  he  is  collated  or 
presented.  See  the  ar^ide  Parson.  Induction  is  performed  by 
a  mandate  frdm  the  bishop  to  the  archdeacon,  who  usually 
U sues  out  a  precept  to  other  cl^rj^yidea  to  perform  il  fot  him. 


It  is  done  by  ghriilg'  the  olei-k  eolrpdral  pdssessiota  of  the  eHareb, 
as  by  boldtag  the  ring  of  the  door,  tolfing  a  bell^  or  tbe  Kke ; 
and  is  a  form  required  by  law,  with  intent  to  gfvo  ail  the 
parishioners  due  notice  and  sufficient  oertalaty  of  their  new 
minister,  to  whom  their  tithes  are  to  be  paid.  Thia,  tberefsre, 
is  the  investure  of  the  temporal  pait  of  the  benefice,  as  iastits- 
tlon  Is  of  the  spiritual.  And  when  a  derk  is  thus  presented, 
instituted,  and  inducted  Into  a  rectory,  he  Is  then,  and  not 
before,  in  full  and  complete  possession ;  and  is  eaHed  in  law 
persona  impereonata,  or  parson  impersonftee. 

INDUCTION,  is  a  term  used  by  mathematioians  to  denote 
those  oases  in  which  tlie  generality  of  any  law,  or  form,  is  Infer- 
red, from  observing  it  to  have  obtained  in  several  cases.  Sodi 
inductions,  however,  are  very  deceptive,  and  oteght  to  be  ad- 
mitted with  the  greatest  caution,  as  there  are  nuoieioas  eases 
In  which  a  law  may  obtain  for  a  considerable  way,  an^  «M^ 
mately  fail  when  its  uniformity  is  supposed  eertaiin.  A  reAitlts 
able  instance  of  the  failure  of  induction  appears '  in  many  of 
those  formulee  which  have  been  given  for  prime  nvmberiL 
Thus  the  formulae  a;*-hx  +  41,  by  making  successively  am 
1,2,3,4,  &o.  will  give  a  series,  the  first  forty  tenna  of  wUch 
are  prime'  numbers,  whence  on6  might  be' Induced  to  condade 
the  law  to  be  universal ;  it  fails  however  ra-  the  Ycrj  aest  ease, 
the  forty-first  terra  being  a  composite  number. 

INDULGENCES,  in  the  Romfsh  ohiireli,  ftrsr «  reihTsUoa 
of  the  puniehment  dae  to  sins,  gravfted  by  thn  ohttrdi,  md  sv^ 
posed  to  save  the  sinner  from  pnrgatofy;' 

According  to  the  doctrine  of  the  Romisb  ehnrcb,  all  tbe good 
works  of  the  saints,  over  and  above  those  wblcb  were  neces- 
sary towards  their  own  justification,  are  deposited,  togetbel' whl 
the  infinite  merits  of  Jesus  Christ,  in  one  inexhaDBtlble  trea- 
sury. The  keys  of  this  were  committed  to  Su  Peter,  and  to 
his  successors  the  popes,  who  may  open  it  at  pleasnre,  and  by 
transferring  a  portion  of  this  superabundant  merit  to  any  par* 
ticular  person,  for  a  sum  of  money,  may  convey  to  him.  eitber 
tlie  paraon  of  his  own  sins,  or  release  for  an  j  one  in  whom  ht 
is  interested,  from  the  pains  of  purgatory,  dach  jo^olgeoGles 
were  first  invented  in  the  11th  century,  by  tJrban  IL  as  a 
recompense  for  those  who  went  In  person  upon  the  glotioiil 
enterprise  of  conquering  the  Holy  Land.  They  were  afterwards 
granted  to  those  who  hired  a  soldier  for  that  purpose ;  4uid  is 
process  of  time  were  bestowed  on  such  as  gave  money  for 
accomplishing  any  ptous  work  enjoined  by  the  pope,  the 
terms  in  which  the  retailers  of  indulgences  deacribed  ttcir 
benefits,  and  the  necessity  of  purchasing  ^hem,  aro  so  extrava- 
gant, that  they  appear  almost  incredible.  If  any  man  (itU 
thev)  purchases  letters  of  indulgence,  his  soul  iiiay.r<$st  fepsrs 
with  respect  to  its  salvation.  The  souls  confined  in  porgatoij. 
for  whose  redemption  Indulgences  arc  purchased,  as  soon  as 
the  money  tinkles  in  the  chest,  instantly  escap«;  fr^im  ihatphce 
of  torment,  and  ascend  into  heaven.  That  the  efllcacy  of 
indulgences  was  so  great,  that  the  most  heinous  sins,  evaa  if 
one  should  violate  (which  was  impbssible)  the  mother  of  God, 
would  be  remitted  and  eipiated  by  them,  and  the  |ierson  he 
freed  both  from  punishment  and  guilt.  Thai  this  was  tks 
onspeakatile  gift  of  God,  In  order  to  reconcile  man  to  biouelt 
That  the  cross  erected  by  the  preachers  of  Inidnlgcoces  was 
equally  eflicacious  with  the  cross  of  Christ  itsci/'.  *'  Lo!  ths 
heavens  are  open  ;  if  you  enter  not  now,  when  will  yon  enter! 
For  twelve  pence  you  may  redeem  the  soul  of  year  father 
out  of  purgatory  ;  and  arc  you  so  ungratefuil,  that  >oa  will  aot 
rescue  your  parent  from  torment?  If  yon  had  but  one  coat* 
you  ought  to  strip  yourself  instantly,  and  sell  it,  in  order  to  pac- 
chasc  such  benefits,'*  &c. 

In  the  last  year,  (1825)  the^ope,  Leo  XIT.  issued  a  Bali 
of  Indication,  appotnting  a  jubflce  for  the  whole  of  the  Catholk 
church,  and  to  continue  through  the  whole  of  the  ycar«  dudag 
which  period  his  holiness  mercifully  granted  and  imparted  the 
most  plenary  and  complete  indulgence,  remission,  and  pardoa 
'of  all  their  sins,  to  all  the  faithful  of  Christ  of  both  sexes. 

INDURATBiiD  Mud.  the  American  Tolcaooes  dischaigt 
torrents  of  mud,  which  seem  to  be  strongly  impregnated  «itk 
irtin.  It  has  been  said  that  similar  torrents  have  issued  fro* 
Etna  and  Vesuvius,  but  it  is  fupposed  that  the  appearaacci 
have  arisen  from  melted  snpw.  Thb  grand  voToanoes  of  Catih 
piixl,  Tungarunga,  and  Sangay.ln  South  America,  eject  pro- 
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difrious  qaaotiiiei  of  mad,  and  wkat  in  moro  reaittkabto,  fir^ 
digioui  qyantiliei  of  iiib,  to  at  to  infect  tlic  tir  witb  patrofao- 
tioii.  Tbeie  liiih  appoaf  to  bo  littlt  ioiiired»  and  aro  the  siMiie 
with  tboM  fouod  io  tlit  rtf  ulets  at  tbe  bottom  of  tho  voloanoco, 
bciDfc  a  pioiolodes  tilurQi  fron  two  Io  four  iaebes  in  lenfrtlk 
Tlie»e  rouddy  oruptiuns  become  fertile  clajr«  and  aro  vorjF  pr^ 
ductivo.  Ferrara  fpivea  an  inlerefting  aoeount  of  a  muddj 
eruption  at  Maoulaba  in  Sioily.  Soaetiaioa  thia  pbenoMcaoa 
appears  vitb  iromenio  fopoe,  Tho  inbabitanit  of  tbo  ndiebh 
bourbood  utill  (ld2G)  remember  with  terror  tbo  eraptioo  of  1777, 
ono  of  the  most  violent  yet  known. 

INEURIANTS,  are  defined  to  lie  inoh  tldnjif  at  affeet  the 
iierv«»  in  a  partioolar  and  asreeabie  manner,  and  tbru«gb  them 
alter  and  diiiUirb  the  fonctioniof  the  mind.  They  aro  propdrly 
divided  into  native  and  artificial;  tho  ^rmer  ofaiefty  in  uac 
nmong  the  oriental  and  other  nations,  tho  lailor  prineipally 
ibruuKbout  Europe. 

ytuurml  iNfiBKiAKTS,  are,  1.  Opium,  in  use  all  over  the 
cast,  and  of  which  tho  Turks,  tbroufcb  custom,  swallow  a 
drachm.  3.  Perganum  bamiala,  Syrian  rue.  The  Btt^B  arc 
sold  in  Turkey  for  this  purpose  ;  and  with  tliese,  as  Urilonius 
relates,  the  Turkish  emperor  Solymao  kept  himself  intoaicatodh 
3.  Maslac  of  tho  Turks,or  bangue  of  the  Persians,  prepared  from 
the  dust  of  the  malc-ilower  of  hemp,  or  from  \\vo  leaves.  4. 
Bangue  of  the  Indians,  from  tbo  leaves  of  the  hibiscus  sahda- 
rilTa.  6.  Seeds  of  various  species  of  the  datura,  or  tlwira 
apple.  0.  Tisang,  or  betel  ot  tbo  Indians.  7.  Roots  of  the 
black  henbane,  tt.  The  hyoscyamus  phvsaloideii.  9.  Berries  of 
tlic  deadly  nightshade.  10.  Leaves  of  milfoil  aro  used  by  the 
Dalckarlians  to  render  tlieir  Inrer  intoxicating.  1 L.  Tobaooo, 
and  several  others  less  malarial  are  mcntionod ;  such  as  clay, 
saffron,  and  darnel. 

Artificial  Incbriants.  are  fermented  liquors  from  fariua* 
ceous  seeds;  wines  and  spirits  drawn  by  distillation.  Wiih 
these  is  ranked  tho  nectar  of  the  gods,  and  the  aoodyno  medi- 
cine of  Tloroer,  commonly  called  m^ptmihes ;  and  the  spoils  by 
which  Medea  and  Circe  produced  their  anchsntmcnts. 

INERTIA  OF  Matter,  in  Philosofihy,  a  passive  principle, 
by  nhich  bodies  persist  in  a  state  of  motion  or  rest,  receive 
notion  in  proportion  to  tho  foroe  impressing  them,  and  resist 
as  much  as  they  are  resisted.    Set  Mechanics. 

INFALLIBLE,  somothiug  that  canaot  err,  or  bo  deceived. 
One  of  the  great  controversies  between  the  Protestants  and 
Papists,  is  the  infallibility  which  tho  latter  attribute  to  the 
pope ;  though  in  fact,  they  themselves  are  not  ngreed  on  that 
bcsd,  some  placing  this  pretended  inCallibility  in  the  pope  and 
a  reneral  council. 

INFAMY,  in  Law,  is  a  term  which  extends  to  perjury,  gross 
rheats,  &c.  by  which  a  person  ib  rendered  incapable  of  being  a 
witness  or  juror,  even  though  bo  is  pardoned  for  his  crimes. 

INFWCY,  the  first  stage  of  life ;  in  a  medical  and  politieal 
view,  exteudine  from  birth  to  about  tlie  seventh  year. 

Trgainumt  oflnfmnU  in  HruUh, — ^Tbc  two  primary  objects  of 
attention  on  tne  birth  of  an  iufaiit  are  warmth  aud  cleanliness. 
There  Is  generallv  too  much  eagerness  in  putiiug  the  child  to 
the  breast;  who  Is  ollen  worried  to  suck  brfure  he  becooMS 
actuated  by  the  instinctive  principle  of  n^iture,  or  before  the 
motlier  finds  lier  breasts  sufficiently  filled  uith  milk  to  satisfv 
Ids  desire.  Tt  Is  generally  abimt  the  third  day  after  child-bed« 
that  both  are  fully  prepared.  ■  It  is  the  duty  of  every  mother  to 
snckle  her  child-  When  in  f  on^cqucocc  of  suppression  of  milk, 
and  extreme  delicacy,  or  discrise  of  constitution,  hired  nurses 
must  he  reported  to,  the  }oiirig  and  tlie  heclthy  should  be 
selected,  with  a  full  breast  of  milk,  and  that  milk  as  nearly  as 
may  be  the  age  of  the  fostcr-4rhild.  If  a  proper  nurse  cannot 
be  prneurcd,  dHutrd  eow*s  milk,  intermixed  with  a  small  quan- 
tity of  f  irinaccous  food,  nill  gmerAtly  prove  tbo  most  con- 
venient nutriment.  Cow's  milk,  b<iwe\er,  is  far  less  sweet 
than  h*imnn,  and  henrc  the  mixture  now  recommended  should 
br  enriched  uith  some  addition  of  sugar.  The  chief  point  of 
attention  is.  that  the  fariniceous  matter,  HbctlMr  in  tlio  form  of 
pap  or  grurif  be  suflicienth  dilute,  and  pressed  tbinugh  a  fine 
strain''r,  to  free  it  from  lumps.  Cordiius,  aperients,  and  opi- 
att*«.  should  be  a\oided  in  a  state  of  h«-allh. 

The  grvat  and  natural  u^c  uf  clothes  is  for  the  purpose  of 
warKth,  and  the  looser  and  softer  the  eabstance  is  by  which 


tfcM  WMiBtli  is  <eoam«iiic«ted,  the  -betlrr.  Meet  of  the  drforw 
mitAes  of  oMIdren  are  ooeaaiooed  by  improprieties  io  iheir 
dress;  An  attemp*  to  give  neatness  to  tke  form  reades^  pres^- 
eure  aeeessary ;  and  where  a  part  ie  weak,  aad  the  pressure 
greater  than  on  the  aeighbooriag  parts,  snob  part  win  naturally 
yield  to  the  impelse,  aad  deformity  will  ensoe. 

J^leep  is  at  all  times  aeceseary  to  health,  ia  iafkary  it  is  par- 
ticularly so ;  for  the  stimoli  of  air  and  light  alone  are  sufficient 
to  eshaast  the  system  ia  aa  hour  or  two.  Nothing,  however,  eaa 
be  more  pernicious  than  the  too  comiaoa  prmetica  of  adoiinisteiw 
ing  cordials,  opiates,  &e.,  as  often  as  the  child  seems  rcstlvse. 

The  siUiatioB  of  inftmts  recf aires  at  first  air  of  a  auiderately 
warm  temperature;  alter  which  they  asay  be  gradunlly  inured 
to  a  colder  atmosphere,  without  aay  danger  to  their  lieaith. 
Too  much  warmth,  liowever,  ia  as  prcjudioial  as  tho  opposite 
extreme,  aad  the  more  to  be  dreaded,  as  every  time  they  are 
broDght  to  the  open  air,  they  are  exposed  to  the  dMiger  of 
catching  ookL  But  it  is  not  merely  a  cold  air  that  is  to  be 
avoided,  it  is  the  air  that  is  confined,  and  at  the  same  time 
loaded  with  moisture.  A  confined  damp  air  is  the  cause  of 
many  of  the  diseases  by  which  children  are  alHieted. 

The  nursery  should  be  the  largest  and  best  aire<l  room  in  the 
house.  When  children  sleep  in  a  cradle,  they  should  not  be 
wrapped  up  too  closely.  Neither  when  they  are  further  grown, 
should  more  than  one  child  sleep  in  the  same  bed.  In  short, 
the  proper  regulation  is  to  keep  the  child  as  niuoh  as  possible 
in  one  pure  equal  temperature,  avoiding  every  tlung  that  is 
damp  or  anwbolesome. 

The  first  exeroise  that  children  nsoally  receive,  ia  that  of 
being  dandled  in  the  arm,  or  moved  gently  up  and  down,  wMob 
lends  mocb  to  assist  digestioa.  Rubbing  them  with  the  hand 
is  also  highly  aseful. 

As  children  increase  ia  growth,  their  exercise  should  be  pro- 
peitionably  augmented,  and  the  nnrse  abonid  endeavour  to 
give  them  as  mnch  motion  with  her  arm  as  possible. 

As  soon  as  a  child  is  able  to  be  put  on  its  feet,  it  should  be 
allowed  to  make  use  of  them.  Every  member  ari|uires  strength 
in  proportion  as  it  is  exercised ;  and  children,  b>  being  accus- 
tomed to  support  themselves,  will  soon  ae4|uire  strength  for  tbe 
purpoae.  Children  also  begin  to  use  their  feet  by  degrees; 
aikl  by  this  gradual  attempt,  all  danger  of  their  legs  becoming 
crooked,  or  unable  to  support  the  body,  is  avoided. 

Among  tiie  poorer  classes,  it  is  very  common  to  allow  chll- 
drra  to  sit  or  lie  in  one  posture  for  a  length  of  time :  this  is  e 
praeticc  much  to  t>e  condemned.  Uv  the  want  of  exercise,  the 
neslth  of  ehildrrn  suffers;  a  relaxation  of  the  system  cnsnet, 
and  rickets  and  other  disrasrs  are  indneed. 

The  early  and  riroroos  conlincment  ol  ehildre n  at  day  sthoolt, 
merits  to  be  particularly  reprobated.  If  sent  early  to  school, 
the  time  of  learning  should  never  be  long,  and  should  lie  alter- 
nated uith  proper  diversions  and  exercises  suited  to  their 
period  of  life. 

Kxercise  nlthin  doors  is  not  sufficient  to  effect  the  good  pur- 
poses derived  from  it  in  the  open  air.  Children,  instead  of 
being  cheeked  in  regard  of  wholesome  play,  should  be  at  all 
times  encouraged  in  it. 

To  uniform  exercise,  add  tbe  use  of  the  cold  bath.  By 
general  immersion,  tlie  body  is  braced  and  utrengihened.  the 
general  circulation  increased,  and  all  stagnation  in  the  sninlfer 
vrsseN  prevented.  The  commencement  of  this  praetlee  early 
will  be  the  means  of  preventing  the  appearance  of  many  run- 
stitutional  diseases.  .\nd  even  where  it  cannot  l»e  emplojed 
to  it!i  full  extent,  still  the  extremities  shoidd  be  e%ery  day 
bathed  in  cold  water,  and  afterwards  well  dried,  and  the  skin 
HcU  ruldied.  In  this  %iew,  boys  should  1^  encouraged  to  learn 
and  practise  the  salubrious  and  useful  exercise  of  swimming. 

INFANT,  in  Law.  is  a  person  under  2\  years  of  age,  ahose 
enparitics,  inrapm itie^,  and  privileges  are  various.  1.  In 
criminal  matters,  the  law  of  England  does.  In  some  ea^es,  pri- 
vilege an  infant  under  the  ^%9  of  21,  as  to  common  misdemea- 
n urs.  so  as  to  esespe  fine,  impriionment,  and  the  like;  and 
particularly  in  the  oaves  of  omission,  as  not  repairing  a  bridge, 
or  a  highway,  and  other  similar  offences;  for.  not  having  the 
command  of  hi^  fortune  till  tho  age  of  21,  he  wants  the  eaparlty 
to  do  those  things  which  the  law  rcrjnires.  But  where  there  Is 
any  ootorioui  breach  of  the  peace,  a  riot,  battery,  or  the  llkey 
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(which  infants,  when  full  grown,  are  at  least  as  liable  as  others 
to  commit,)  for  these,  an  infant  above  Uie  age  of  14  is  equally 
liable  to  suffer  as  a  person  of  the  full  age  of  21.  With  regard 
to  capital  crimes,  the  law  is  still  more  minute  and  circum- 
spect, distinguishing  with  greater  nicety  the  se? eral  degrees  of 
age  and  discretion.  2.  In  civil  matters,  the  ages  of  male  and 
female  are  different  for  different  purposes.  A  male  at  12  years 
old  mav  take  the  oath  of  allegiance ;  at  14,  is  at  the  years  of 
discretion,  t  nd  therefore  may  consent  or  disagree  to  marriage, 
may  choose  his  guardian,  and  if  his  discretion  be  actually 
proved,  may  make  his  testament  of  his  personal  estate ;  at  17 
nay  be  an  executor;  and  at  21  is  at  his  own  disposal,  and 
may  alien  his  land,  goods,  and  chattels.  A  female  also,  at  7 
years  of  age,  may  be  betrothed  or  given  in  marriage ;  at  9  is 
entitled  to  dower ;  at  12  is  at  the  years  of  maturity,  and  there- 
fore may  consent  or  disagree  to  marriage,  and,  if  proved  to 
have  sufficient  discretion,  may  bequeath  her  personal  estate ; 
at  14  is  at  the  years  of  legal  discretion,  and  may  choose  a 
guardian ;  at  17  may  be  executrix ;  and  at  21  may  dispose  of 
herself  and  her  landi.  So  that  full  age,  in  male  or  female,  is 
21  years,  which  age  is  completed  on  the  day  preceding  the 
anniversary  of  a  person's  birth ;  who  till  that  time  is  an  infant, 
and  so  styled  in  law.  The  very  disabilities  of  infants  are  pri- 
irileges,  in  order  to  secure  them  from  hurting  themselves  by 
their  own  improvident  acts.  An  infant  cannot  be  sued  but 
under  the  protection,  and  joining  the  name,  of  his  guardian ; 
for  he  is  to  defend  him  against  all  attacks,  as  well  by  law  as 
otherwise :  but  he  may  sue  either  by  his  guardian,  or  procbein 
amie,  bis  next  friend,  who  is  not  his  guardian.  This  procbein 
amie  may  be  any  person  who  will  undertake  the  infant's  cause ; 
and  it  frequently  happens,  that  an  infant,  by  his  procbein  amie, 
institutes  a  suit  in  eauity  against  a  fraudulent  guardian.  With 
regard  to  estates  and  civil  property,  an  infant  hath  many  pri-* 
Tileges.  In  general,  an  infant  shall  lose  nothing  by  nondaim, 
or  neglect  of  demanding  his  right,  nor  shall  any  other  laches  or 
negligence  be  imputed  to  an  infant,  except  in  some  very  parti- 
cular  cases 

INFANTRY,  In  Military  affairs,  the  whole  body  of  foot- 
soldiers,  whether  independfent  companies  or  regiments.  The 
word  takes  its  origin  from  one  of  the  infantas  of  Spain,  who, 
finding  that  the  army  commanded  by  the  king,  her  father,  had 
been  defeated  by  the  Moors,  assembled  a  body  of  foot- soldiers, 
and  with  them  engaged  and  totally  routed  the  enemy.  In 
memory  of  this  event,  and  to  distin^isb  the  foot-soldiers,  who 
were  not  before  held  in  much  consideration,  they  received  the 
name  of  infantry. 

Heavy-armed  Infantry,  among  the  ancients,  were  such  as 
wore  a  complete  suit  of  armour,  and  engaged  with  broad 
shields  and  long  spears.  They  were  the  flower  and  strength 
of  the  Grecian  armies,  and  had  the  highest  rank  of  military 
honour. 

Liaht  armed  INFANTRY,  among  the  ancients,  were  designed 
for  skirmishes,  and  for  fighting  at  a  distance.  Their  weapons 
were  arrows,  darts,  or  slings. 

Light  Infantry,  among  the  moderns,  have  only  been  in  use 
since  the  year  1656.  They  have  no  camp  equipage  to  carry, 
and  their  arms  and  accoutrements  are  much  lighter  than  those 
of  the  infantry.  Light  infantry  are  the  eyes  of  a  general,  and 
the  givers  of  sleep  and  safety  to  an  army.  Wherever  there  is 
found  light  cavalry,  there  should  be  light  infantry.  They  should 
be  accustomed  to  the  pace  of  four  miles  an  hour,  as  their  usual 
marching  pace,  and  to  be  able  to  march  five  miles  an  hour  upon 
all  particular  occasions.  Most  of  the  powers  on  the  continent 
have  light  infantry.  It  is  only  of  late  3'ears,  that  light  infantry 
came  to  be  used  in  the  British  army ;  but  now  every  regiment 
has  a  company  of  light  infantry  attached  to  it,  whose  station  is 
•n  the  left  of  the  regiment,  the  right  being  occupied  by  the 
grenadiers. 

IMFINITE,  is  a  term  applied  to  quantities  which  are  greater 
than  any  assigned  quantities ;  also  quantities  that  are  less 
than  any  assignable  quantity,  are  said  to  be  infinitely  small. 

Infinite  also  is  sometimes,  though  improperly,  used  in  the 
same  sense  as  indefinite,  to  denote  a  line  or  quantity  to  which 
nu  certain  bounds  or  limits  are  prescribed. 

Infinite  quantities  are  not  necessarily  equal,  but  may  have 
pny  ratio  to  each  other;  thus  a  line  which  is  Infinitely  extended 


from  a  certain  point,  in  only  one  direction,  i%  bat  half  that 
which  is  infinitely  extended  from  the  %mmt  point  in  two  direc- 
tions.  In  the  same  way  we  may  conoeire  a  reetuignlar  plane 
to  be  extended  in  one,  two,  three,  or  four  different  directions ; 
and  thus  to  form  four  different  Infinite  planes,  being  to  each 
other  as  the  numbers  1,  2,  3,  and  4. 

In  the  same  way,  a  solid  may  be  conoeived  In  be  extended  in 
six  different  directions;  forming  infinite  solids,  which  shall  have 
to  each  other  certain  and  determinate  ratios. 

In  the  same  way  we  may  conceive  an  infinite  qnantity,  whicii 
is  infinitely  less  than  another  infinite  quantity ;  thns,  if  two  infi- 
nite fight  lines  be  drawn  parallel  to  each  other  at  any  finite 
distance  in  a  plane  infinitely  extended  in  all  directions,  tbe 
infinite  space  included  between  them,  will  be  infinitelv  less  than 
the  infinite  plane  in  which  they  are  drawn,  for  the  breadth  or 
distance  between  these  lines  Is  infinitely  less  than  that  of  the 
infinitely  extended  plane; 

Infinite,  that  which  has  neither  beginnioff  nor  end;  in 
which  sense  Grod  alone  is  infinite.    Se9  Geo. 

Infinite,  or  Infimtefy  Greed  Lme^  in  Geometry,  denotes 
only  an  indefinite  or  indeterminate  line,  to  which  no  certain 
bounds  or  limits  are  prescribed. 

INFINITESIMAL,  or  Infinitely  small  Quantitt,  b  that 
which  is  so  small,  as  to  be  incomparable  with  any  finite  quai^ 
tity  whatever,  or  it  is  that  which  is  less  than  any  nssigasble 
quantity. 

In  the  Method  of  Infinitesimals,  the  element  by  which  a 
quantity  increases  or  decreases,  is  supposed  to  be  infioitdy 
small,  and  is  generally  expressed  by  two  or  more  terms ;  sone 
of  which  are  infinitely  less  than  the  rest,  which  being  negleel- 
ed,  as  of  no  importance,  the  remaining  terms  form  wlntii 
called  the  difference  of  the  proposed  quantity.  The  terms  that 
are  thus  neglected,  are  infinitely  less  than  the  other  terms  of 
the  element,  and  are  the  same  which  arise  in  eonseqnenea  of 
the  acceleration  or  retardation  of  the  generating  motioa,  daring 
the  infinitely  small  instant  of  time  in  which  the  element  wai 
generated ;  so  that  the  remaining  terms  express  the  element  that 
would  have  been  formed  in  that  timCi  if  the  i^eaecatang  motioo 
had  continued  uniform. 

These  difl'erences  are,  therefore,  in  exactly  the  same  ratio  to 
each  other,  as  the  generating  motions  or  flaxions  ;  and  henoe, 
though  infinitesimal  parts  of  tbe  elements  are  neglected,  the 
conclusions  are  accurately  true,  In  conseqoence  of  vrhat  vi^ 
be  termed  a  compeosation  of  errors. 

INFLAMMABILITY,  that  property  of  certain  bodies  by 
which  they  kindle  or  catch  fire. 

INFLECTION,  called  also  Diffraction  und  Deflection, 


in  Optics,  is  a  property  of  light,  bv  reason  of  wbich,  whea  it 
comes  within  a  certain  distance  of  any  body,  it  will  be  either 
bent  from  iter  towards  it;  whioh  is  a  kind  of  imperfect  reflee- 
tion  or  refraction. 

Experiments  and  observations  seem  to  reduce  the  phenome- 
na of  inflection  to  a  single  principle,  viz-  of  the  attraction  of 
light  towards  bodies ;  which  attraction  becomes  conspicooos 
when  the  rays  of  light  pass  within  a  certain  distance  of  their 
surfaces.  Besides  their  being  bent,  the  rays  of  light  are  like- 
wise separated  into  colours  by  the  vicinity  of  bodies,  and  this 
produces  the  singular  phenomenon  of  the  colooreU  fringes  that 
accompany  the  inflection. 

Inflbction,  or  Point  t^InfiectioH,  in  the  Higher  Geometiy, 
is  a  point  where  a  curve  begins  to  bend  a  contrarywajr. 

Inflection,  in  Grammar,  the  variation  of  noons  and  verbs, 
by  declension  and  conjugation. 

INFLORESCENCE,  in  Botany,  a  term  ased  to  denote  the 
mode  of  flowering ;  the  manner  in  which  flowers  are  sopportsd 
on  their  footstalks. 

IN  FORMA  PAUPERIS.  When  airy  man  who  has  a  jast 
cause  of  suit,  either  in  chancerv  or  any  of  the  courts  of  cominoa 
law,  will  come  before  the  lord  keeper,  master  of  the  rolls, either 
of  the  chief  justices,  or  chief  baron,  and  make  oa.th  that  he  » 
not  worth  ^re  pounds,  his  debts  paid ;  either  of  the  said  jnd^ 
will,  in  his  own  proper  court,  admit  him  to  sue  mfirmmftm^ 
peris,  or  as  a  poor  man,  and  he  shall  have  counsel  clerk,  or 
attorney  assigned  him,  to  do  his  bnsinesi,  without  paylflf 
any  fees. 

INFORMATION^  in  Law,  is  nearly  the  same  in  th<i  crows 
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offirc,  a.i  what  io  other  courts  is  called  t  Declaration.  See 
PKOftfccurioN.  lAjforinttioiitf  arc  of  two  sorts:  first,  those 
whicJi  are  partly  at  the  suit  of  the  king,  and  partly  at  that  of  a 
•object :  and  secondly,  soch  as  are  only  in  the  naino  of  the 
kin^.  The  former  are  usually  brought  upon  penal  statotes, 
ivhich  inflict  a  penalty  upon  conviction  of  the  offender,  one 
part  to  the  use  of  the  kinir,  and  another  to  the  nse  of  the  in* 
tbrmer.  By  the  statute  31  Elis.  o.  6.  no  prosecution  upon  any 
penal  statute,  the  suit  and  benefit  whereof  are  limited  in  part 
io  the  kioK  and  iD  part  to  the  prosecutor,  can  be  broaght  by 
any  common  informer  after  one  year  is  expired  since  the  eom- 
mission  of  the  offence ;  nor  on  behalf  of  the  crown,  after  the 
lapse  of  two  years  longer ;  nor  where  the  forfeiture  is  originally 
given  only  to  the  king,  can  such  prosecution  be  had  after  the 
expiration  of  two  years  from  tho  commission  of  the  offence. 
The  informations  that  are  exhibited  in  the  name  of  the  king 
alone,  are  also  of  two  kinds:  first,  those  which  are  tmly  and 
properly  his  own  suits,  and  filed  ex  officio  by  bis  own  imnie- 
diate  oflit:v-r,  the  attnrney-gcncral ;  secondly,  those  in  which, 
thoatrh  the  king  U  the  nominal  prosecutor,  yet  it  is  at  the 
relation  of  some  private,  or  common  informer;  and  th^y  are 
filed  by  the  king's  coroner  and  attorney  in  the  court  of  the 
King's  Itcncb,  usually  called  the  nuuier  of  ike  erown  offiee,  who 
is  for  this  purpose  the  standing  officer  for  the  public.  The 
tihjects  of  tho  other  species  of  infomation.  filed  by  the  master 
of  the  crown  office,  upon  the  complaint  or  relation  ol  a  private 
subject,  are  any  gross  and  notorions  misdemeanors,  riots,  bat- 
teries, libels,  and  other  immoralities  of  an  atrocious  kind,  not 
peculiarly  tending  to  disturb  the  government,  (for  those  are 
left  to  the  oare  of  the  attorney^general ;)  but  which,  on  aeronnt 
•f  their  magnitude  or  pemieions  example,  deserve  the  most 
public  anini.id%ersion.  And  when  an  information  is  filed, 
cither  thus,  oi  by  the  attorney-geneml  ex  officio,  it  most  bo 
tried  by  a  petty  jury  of  the  county  where  the  olTence  arises : 
after  which,  if  the  defendant  be  found  guiltjr,  he  must  resort  to 
the  oourt  for  his  panlsbment* 

IN  FORM  BS  STELLje,  unformed  stars,  are  those  which  have 
not  been  yet  redneed  into  constellations,  and  are  othenTl«e 
called  eporadei.  In  the  earlier  ages  of  astronomical  science, 
the  most  conspicuous  only  of  the  assemblage  of  stars  Hrre 
classed  as  constellations.  Prom  the  sporades  of  the  anrit  ni, 
the  moderns  have  arranged  many  new  asterisms,  fbr  an  account 
of  vihieh  we  most  refer  the  reader  to  Jomieson'i  Cetestiai  Aitag, 

INFrSION,  in  Chemistry,  is  the  maceration  of  any  sub- 
stance in  water,  or  any  other  liquid,  hot  or  cold,  in  order  to 
e  xtract  its  soluble  parts.  The  liquid  which  is  thus  impregnated 
13  called  an  infusion. 

INFUSORIA,  in  Natural  History,  the  fllUi  order  of  the  class 
vermes,  in  the  Unnsran  system.  They  are  simple  microsco- 
pic animalcules.  Theproecss  by  which  their  numbers  are  some- 
times increased,  is  no  less  astonishing  than  their  first  prodtic 
tion.  Several  of  the  genera  often  seem  to  dlride  spontaneously 
into  two  or  more  parts,  which  become  new  and  distinct  animals. 

INGOT,  in  the  arts,  is  a  small  bar  of  metal  made  of  a  crrtnin 
form  and  site.  The  term  U  chiefly  applied  to  the  small  bars  of 
gold  and  silver,  intended  either  for  coining,  or  exportation  tu 
foreign  coontrios. 

INGRAFTING,  in  Gardening.    See  Grafting. 

INGRATITUDE,  the  opiH>Hiie  of  gratitude.  Sre  GRtTlTtne. 
Ingratitude  is  a  crime  so  shnnieful,  that  thi're  was  never  a  man 
found  who  would  own  himself  guilty  of  it ;  and,  though  too  fre- 
quently practisc«l.  it  is  so  abhorred  by  the  general  voice,  that 
to  an  ungrateful  person  is  imputed  th**  guilt,  or  the  capability, 
of  all  other  crimes.  The  ungratcrul  arc  neither  fit  to  lu\e  their 
Maker,  their  conntr)'.  nor  their  friends.  Ingratitude  perverts 
all  the  measures  of  religion  and  society,  by  making  it  danger- 
ous to  be  charitable  and  good  natured.  However,  it  is  better 
to  expose  ourselves  to  ingratitude,  than  to  be  wanting  in 
charity  and  benevolence. 

INGRESS,  in  Astronomy,  is  the  entrance  of  the  sua  into  any 
of  the  Bodiacal  signs,  especially  into  Aries. 

INHALER,  a  machine  used  for  steaming  the  lungs  with  the 
vapour  of  hot  water,  for  the  cure  of  a  cough,  cold,  inflamed 
throat,  tec, 

INHERITANCE,  a  perpetual  right  or  inleroit  in  iaod^, 
iotealed  io  a  person  and  Ids  heirs.    See  DtisCkNT. 


INHIBITION,  a  writ  to  inhibit  or  forbid  a  itid^e  from  fur. 
ther  proceeding  in  a  cause  dei>ending  bolore  l.im.  Snmetimrs 
prohibition  and  inhibition  art*  put  together,  an  nf  the  same  Im- 
port; but  inhibition  is  must  rommonly  a  writ  i^suin:;  out  of  a 
higher  court-christinn  to  a  lower;  and  prohibiiiun,  of  the 
king's  court  to  an  inferior  court. 

Inhibition,  In  Soots  Ijnw.  a  dilrgcnre  nbtiinrd  nt  the  snlt  of 
a  creditor  against  his  drhtor,  prohihitlnt:  fiom  sriiiii:;  or  con- 
tracting debts  upon  his  estate  to  the  rredifnr's  prejudice. 

INJECTION,  the  forcibly  throning  crrtiiin  liquid  mrdirines 
into  the  body,  by  moans  of  a  s\  iin«o,  tube,  or  thr  like. 

Injection,  in  Surgery,  iho  thio,vin;r  in  somr  Hi;iior  or  medi- 
cines into  a  vein  opened  b>  iiirtvion.  This  prHOtire.  and  that 
of  transfusion,  or  the  convr>in:^  the  arterial  blood  of  one  man, 
or  other  animal,  into  another,  i\  i-re  once  greatly  practised,  but 
are  now  laid  aside. 

Anatomical  Injcctiov,  tho  filling  the  vessels  of  a  human,  or 
other  animal  hodv,  with  ■omc  coloured  substance,  in  order  to 
make  their  flztirrs  and  rsinitioations  \isiblc. 

INITlATRf>.  a  tenn  pri)piTly  n*rd  in  snonkfn;  of  the  reli- 
gion of  the  ancient  heathens :  vihore  it  si^niDr-;  brir;;  admitted 
to  the  participation  of  the  saoird  niystr:-c<.  'Jh**  Di>rd  comes 
from  the  Latin,  initiatve  of  ihitiart,  itntinri :  Mhioh  properly 
signifies  to  begin  saerifirinir,  or  to  rerrive  dr  admit  a  person  to 
the  beginning  of  the  mysteries,  or  of  ceremonies  or  less  lm« 
portance.  The  ancients  never  diBcovercd  the  deeper  mysteries 
of  their  religion,  nor  even  permitted  some  of  their  temples  to 
be  open,  to  any  but  loose  vihu  had  bicn  Initiated.  See 
Mystrry. 

INJUNCTION,  in  Law,  a  wtit  {:<'nornl1y  grounded  upon  an 
interlocutory  order  or  decree  out  of  the  Court  of  Chancery  or 
Exchequer,  sometimes  to  pi\e  possession  to  the  plaiiitifi,  for 
want  of  the  defendant's  appearsnct ;  i»omctimes  to  the  kin;:'<( 
ordinary  court ;  and  sometimes  to  the  court-obristian,  to  stop 
proceedings  in  a  cause,  upon  suggestion  made,  that  the  rigour 
of  the  law,  if  it  take  place,  is  agninst  equity  and  consrience  In 
that  rase ;  that  the  complainant  is  not  able  to  make  Ids  defenor 
in  these  courts,  fur  want  of  witnesses,  &o.  or  that  they  act 
erroneonsly,  denying  Mm  some  just  advantage.  Tlie  arit  of  in- 
junction is  directed  not  only  to  the  part>  himself,  but  to  all  and 
singular  his  counsellors,  attnrne\s,  and  solicitors;  and  if  any 
attorney,  after  having  been  served  with  nn  injunction,  proceeds 
afterwards  contrnry  to  it,  the  Court  of  Chancery  will  commit 
the  attorney  to  the  fleet  for  rontrmpt.  Dut  if  an  injunction  bo 
granted  b>  the  Court  of  Chancery  in  a  criminal  matter,  tho 
Court  of  king's  llench  may  break  it,  and  protect  an}  that  pro- 
ceed in  contempt  of  it. 

INK-MAKING.  Inks  are  fluid  compounds,  designed  to 
form  characters,  or  figures,  on  paper,  parchment,  or  such  other 
substance  as  may  be  fit  to  receive  thom.  There  are  tao  prin- 
cipal kinds  of  ink, — writing,  and  piinting  ink. 

To  make  writing  ink.  To  an  infusion  of  gall-nuts  add  some 
solution  of  sulphate  of  iron  (green  copperas)  and  a  very  dark- 
blue  nrecipilate  mill  tnke  place. 

This  precipitate  is  the  gallic  acid  of  the  galls  onited  to  the 
iron  of  the  green  vitriol,  forming  gallat  of  iron.  This  is  the 
basis  of  writing  ink;  add  a  little  gum-arabic:  or  take  eight 
ounces  of  Alcnpo  galls,  In  coarse  powder ;  four  ounces  of  log* 
wood  in  thin  chips ;  four  ounces  of  sulphate  of  iron  (crern  cop- 
peras) ;  three  ounces  of  gum-arabic,  in  powder ;. urio  ounro  of 
sulphate  of  copper  (blue  vitriol);  and  one  ounre  of  sugiirrandy. 
Boil  the  galls  and  logwood  togrthirr  in  twi!w  p  lunds  of  water 
for  one  hour,  or  till  hnjf  Ihi'  lic^uid  bus  bci-n  e\;i;iorated.  Strain 
tho  decoction  throuf;h'a  hair  sieio  or  lim*n  rioih,  and  th«-n  add 
the  other  ingredirnts.  Stir  the  mixture  till  the  whulo  i<  dis- 
solve<],  more  especially  the  gum;  after  which,  lea%r  it  to 
subside  for  twenty-four  hours.  Then  decant  the  ink.  and 
preserve  it  in  bottles  of  glass  or  stone- ware  well  corked.— Or  the 
following  formula  for  the  preparation  of  gocNi  writing  ink  may 
k>e  used  :  for  writing  ink,  the  following  proportions  of  materials 
are  deemed  best ;  three  ounces  of  finely  bruised  galls ;  one 
ounce  of  green  vitriol ;  one  ouoee  of  logwood  shavings ;  one 
once  of  gum-arabic  ;  half  no  ooooe  of  bruised  clovep  ;  one  pint 
of  distilled  vinegar;  ouo  pint  of  distilled  water.  These  mate- 
rials are  to  be  put  togetbor  in  a  bottle,  and  act  in  a  warm  plare 
fourteen  da)  s,  being  well  shaken  every  day.  The  coarser  parts 
6P 


614 


I  N  K 


DICTIONARY    OP   MKPHANICAL   SCIENCE. 


I  N  O 


belnfi;  allowed  to  subside,  the  ink  in  poared  off;  and  its  quality 
IS  materially  improved  by  dissolving  a  stick  of  Indian  ink  and 
ten  §^rains  of  corrosive  soblimate  in  each  qaart ;  an  ounce  of 
brown  suj^nr  may  also  be  added,  if  the  ink  is  intended  to  be 
used  in  the  copying  press. 

j'r  make  red  wntin;^'  ink:  Take  a  quarter  of  a  pound  of  the 
raspingj  of  Brazil  wood,  and  infuse  it  two  or  three  days  in 
vinegar.  Boil  the  infusion  for  an  hour  over  a  gentle  fire,  and 
filter  it  while  hot.  Put  it  again  over  the  fire,  and  dissolve  in  it, 
first,  half  an  ounce  of  gum-arabio,  and  then  of  alum  and  white 
sugar  each  half  an  ounce. 

Printing  Ink.  Printers'  ink  is  composed  of  lamp  black  and  lin- 
seed or  suet  oil  boiled,  so  as  (o  acquire  consistence  and  tenacity. 
The  obtaining  of  good  lamp  black  appears  to  be  the  chief  diffi- 
culty in  making  this  ink.  The  ink  used  by  copperplate  printers, 
differs  from  the  last  only  in  that  the  oil  is  not  so  much  boiled, 
and  the  using  of  Frankfort  black. 

Sympathetic  inks  are  such  as  do  not  appear^  after  they  are 
written  with,  but  may  be  made  apparent  by  certain  means  to  be 
ated  for  this  purpose.  A  variety  of  substances  have  been  used 
for  this  purpose.     We  shall  describe  the  chief  of  them. 

1.  Dissolve  sugar  of  lead  in  water,  write  uith  the  solution, 
and  when  dry,  no  writing  will  be  visible.  When  you  want  to 
ranUe  it  appear,  wet  the  paper  with  a  solution  of  alkaline  sul- 
phuret,  and  the  letters  will  immediately  appear  of  a  brown 
colour.  Bven  the  vapours  of  these  solutions  will  render  the 
writing  apparent. 

2.  Write  with  a  solution  of  gold  in  aqua  regia,  let  the  paper 
dry  gently  in  the  shade,  and  nothing  will  appear;  but  draw 
over  it  a  sponge  wetted  with  a  solution  of  tin  in  aqiM  ref/ia, 
and  the  writing  will  appear  of  a  purple  colour. 

3.  Write  with  an  infusion  of  galls,  and  when  you  wish  the 
writing  to  appear,  dip  it  into  a  solution  of  green  vitriol ;  the 
JotterM  M'ill  appear  black. 

4.  Write  with  diluted  suTphuric  acid,  and  nothing  will  be 
Ti.iible.  To  render  it  apparent,  hold  it  to  the  fire,  and  the 
letters  will  instantly  become  black. 

6.  The  juice  of  lemons,  or  of  onions,  a  solution  of  sal  ammo- 
niac, green  vitriol,  &e.  answers  the  same  purpose. 

6.  Green  sypipathetic  ink  is  made  by  dissolving  cobalt  in 
nitro-muriatic  acid  :  write  with  the  solution,  and  the  letters 
will  be  invisible  till  held  to  the  fire,  when  they  will  appear 
green,  but  disappear  completely  again  when  removed  into  the 
r.old.  In  this  manner  they  may  be  made  to  appear  and  disap- 
pear at  pleasure. 

A  very  pleasant  experiment  of  this  kind,  is  to  make  a  draw- 
in*,  representing  a  winter  scene,  in  which  ihe  trees  appear  void 
of  leaves,  then  put  the  leaves  on  with  this  sympathetic  ink ; 
and  upon  holding  the  drawing  near  to  the  fire,  the  leaves  will 
begin  to  appear  in  all  the  verdure  of  spring,  and  surprise  those 
who  are  not  in  the  secret. 

Blue  sympathetic  ink  is  made  by  dissolving  cobalt  in  nitric 
acid  ;  precipitate  the  cobalt  by  potash;  dissolve  this  precipi- 
tated oxyd  of  cobalt  in  acetic  acid,  and  add  to  the  solution 
one-eighth  of  common  salt.  This  will  form  a  sympathetic  ink, 
which,  when  cold,  will  be  invisible,  but  will  appear  blue  by  the 
boat  of  the  fire. 

INK,  Chinn,  or  Indian.  This  ink  is  brought  over  in  small  ob- 
long cakes,  which  readily  become  diffused  in  water  by  rubbing, 
ami  the  blackness  remains  suspended  in  it  for  a  considerable 
time.  Dr.  Lfewis,  on  examining  this  substance,  found  that  it 
consisted  of  a  black  sediment  insoluble  in  water,  which  ap- 
peared to  be  of  the  nature  of  the  finest  lamp-black,  and  of 
another  substance  soluble  in  water,  and  which  putrified,  and 
when  evaporated  left  a  tenacious  jelly-like  glue  or  isinglass. 
It  appears  probable  therefore,  that  it  may  be  imitated  by  using 
a  very  fine  jelly,  like  isinglass,  or  size,  and  the  finest  lamp  black, 
and  incorporating  them  thoroughly. 

Ink,  removing  Stains  of.  The  stains  of  ink  on  cloth,  paper,  or 
wood,  may  he  removed  by  almost  all  acids;  but  those  acids 
are  to  be  preferred  which  are  least  likely  to  injure  the  texture 
of  the  stained  substance.  The  muriatic  acid  dilated  with  five 
or  six  times  its  weight  of  water,  may  be  applied  to  the  spot, 
and,  after  a  minute  or  two,  may  be  washed  off",  repeating  the 
application  as  often  as  may  be  fonnd  necessary.  But  the 
iregetable  adds  are  attended  with  less  risk,  and  are  equally 


efiectual.  A  solution  of  the  oxalic,  citric,  (add  of  lemons,)  oi 
tartareous  acids,  in  water,  may  be  applied  to  the  most  delicate 
fabrics,  without  any  danger  of  injuring  them;  and  the  same 
solutions  will  discharge  writing  bat  not  printing  ink.  Hence 
they  may  be  employed  in  cleaning  books  which  have  been  de- 
faced b^  writing  on  the  margin,  without  impairing  the  text. 
Lemon-juice,  and  the  juice  of  sorrel,  will  also  remove  ink  staios, 
but  not  so  easily  as  tlie  concrete  acid  of  kmoos,  or  citric  aetd. 
INNATE  Ideas,  those  supposed  to  be  stamped  on  the  mind 
from  the  first  moment  of  its  existence,  and  which  it  coostnotly 
brings  into  the  world  with  it ;  it  is  a  doctrine  wliich  Mr.  Locku 
has  abundantly  refuted. 

INNS  and  Innkeepers.  If  one  who  keeps  a  common  iqq 
refuse  eitlicr  to  receive  a  traveller  aa  a  guest  in  Uis  bouse,  or  to 
find  him  victuals  or  lodging,  upon  his  tendering  a  reasonable 
price  for  them,  ho  is  not  only  liable  to  render  Uie  damages  for 
the  injury  in  an  action  on  the  case,  at  the  suit  of  the  party 
grieved,  but  also  may  be  indicted  and  finjed  at  the  suit  of  the 
king.  In  return  for  such  responsibility,  the  law  allows  him  to 
retain  the  horse  of  his  guesl  until  paid  lor  hiti  keep ;  but  he 
cannot  retain  such  horse  for  the  bill  of  the  owner,  although  be 
may  retain  liis  goods  for  such  bill;  neither  can  he  dctaiti  ooe 
hor^e  for  the  food  of  another.  An  innkeeper,  however,  is  not 
bound  to  receive  the  horse,  unless  the  master  lodge  there  also. 
Neither  is  a  landlord  bound  to  furnish  provisions,  uDlexs  paid 
beforehand.  If  an  innkeeper  make  out  nnreasonaJble  bills,  he 
may  be  indicted  for  extortion ;  and  if  either  ho  or  any  of  bij 
servants  knowingly  sell  bad  wine,  or  bad  provlsiooft,  lliey  will 
be  responsible  in  an  action  of  deceit.  Keeping  ao  inn  \i  not  ti- 
ding, to  make  a  man  a  bankrupt;  but  where  an  innkeeper  is  « 
chapman  also,  and  buys  and  sells,  be  may  on  that  account  he  a 
banlcrapt.  Innkeepers  are  clearly  chargeable  for  the  goods  ol 
guests  stolen  or  lost  ont  of  their  inns,  and  M^is  without  any 
contract  or  agreement  for  that  purpose.  But  if  a  |>crAon  conie 
to  an  innkeeper,  and  desire  to  be  entertained  by  him,  which  tiie 
innkeeper  refuses,  because  in  fact  his  house  ia  alccadj  full, 
whereupon  the  party  says  he  will  shift  among  the  rest  of  his 
guests,  and  there  he  i.s  robbed,  the  host  shall  not  be  charged. 
If  a  man  come  to  a  common  inn  to  harbour,  and  desire  tbat 
his  horse  may  be  put  to  grass,  and  the  host  put  hint  to  grH>s 
accordingly,  and  the  horse  is  stolen,  the  host  »hall  nut  tw 
charged. — Innkeepers  may  detain  the  person  of  the  guc»i  «hu 
eats,  till  payment.  l)y  the  custom  of  London  and  Excier,  ii  a 
man  commit  a  horse  to  an  ho.<)tler.  and  he  eat  out  the  price  ct 
his  head,  the  hostler  may  sell  him  upon  the  reasonable  apprai>- 
ment  of  four  of  his  neighbours  ;  yet  he  cannot  justify  the  lakiu;; 
him  to  himself  at  the  price  it  was  appraised  at. 

INNUBNDO,  is  a  word  used  in  declarations  and  law  plca'l- 
ings,  to  ascertain  a  person  or  thing  which  waa  not  named  k- 
fore  ;  as  to  say  he  (innuendo  the  plaintiiT)  did  so  and  so,  vIrj 
there  was  mention  before  of  another  person.  Inn  ueodo  may  serve 
for  an  explanation,  where  there  is  precedent  matter,  hut  ne%cr 
for  a  new  charge ;  it  may  supply  what  is  already  expressed, 
but  cannot  add  or  enlarge  the  importance  of  it. 

INOCULATION,  or  Budding,  in  Gardening,  is  commonly 
practised  upon  all  sorts  of  stone  fruits ;  as  nectarinem  peaches, 
apricots,  plums,  cherries,  as  also  upon  oranges  and  jasmines; 
and  indeed  this  is  preferable  to  any  sort  of  grafting  for  most 
sorts  of  fruit.  For  the  method  of  performing  it  sec  OARDEyiNt;. 
INOCULATION,  iu  a  physical  sense,  is  used  for  the  trans- 
plantation of  distempers  from  one  subject  to  another,  particv- 
larly  for  the  cngraftment  of  the  small-pox ;  which,  tliougb  of 
ancient  use  in  the  eastern  countries,  is  but  a  modern  practiic 
among  us,  at  least  under  the  direction  of  ait. 

In  the  year  1717,  Lady  IVtary  Wortley  Montague,  wife  ol  die 
English  ambassador  at  Constantinople*  had  her  son  inoculated 
there  at  the  age  of  six  years ;  he  had  but  few  puatuleit,  and  sues 
recovered.  In  April  1721,  inoculation  was  successfully  tried 
on  seven  condemned  criminals  in  Londou,  by  pcrmissioa  ot 
his  majesty.  In  17*22,  Lady  Mary  Montague  had  a  daugli;«f 
of  six  years  old  inoculated  in  this  island  :  soon  after  wbirh.  xho 
children  of  the  royal  family,  tliat  had  not  had  the  small -p>s, 
were  inoculated  with  success;  then  JuUowed  some  of  the 
nobility,  and  the  practice  soon  prevailed.  And  here  uc  dfttc 
the  commencement  of  inoculation  under  the  direction  of  »rL 
Fiom  the  cxctinplc  of  the  royal  family  in  England,  the  practice 
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mii!i  adopted   in  Germany,  particularly  in   Hanover  and  its 
■djareot  rountrioA. 

After  Mr.  Maitland  had  succeeded  uith  those  he  had  inocu- 
lated in  and  about  London,  he  introduced  the  practice  into 
.S<*fitland  in  the  year  17'2G.  Sweden  Moon  followed  the  example 
of  the  British.  Russia  en^f^ed  one  of  oor  principal  promoters 
dnd  improvers  of  this  art.  And  now  there  arc  not  many  coun- 
tiien  that  do  not  more  or  less  practise  it. 

IHITcrent  Modesof  Inoculation.^The  practice  of  inoculation 
having;  obtained  in  every  part  of  the  world,  it  may  he  f:ratcful, 
»t  least  to  curiosity,  to  have  a  fceneral  account  of  the  different 
niodrs  that  are  and  have  been  adopted  in  (hat  practice. 

Iiiiiculation  with  the  blood  of  vaiiolous  patients  has  been 
tried  without  effect;  the  variolous  mattrr  only  produces  the 
variolous  disease.  The  application  of  the  variolous  matter  takes 
place  in  a  sensible  part  only  ;  the  activity  of  the  virus  is  such, 
that  the  smallest  atom,  though  imperceptible  to  any  of  our 
senses,  conveys  the  disease  as  well  as  tlic  l.ir;!cst  quantity. 
Hence  the  most  obvious  method  is,  the  prick  of  a  needle  or 
the  point  of  a  lancet  dipped  in  the  matter  of  n  variolous  pustule. 
Cotton  or  thread  is  used,  that  U  previously  rubbed  with  pow- 
dered variolous  scabs;  this  thread  is  drawn  with  a  needle  through 
the  cutis,  but  not  left  in.  This  is  the  method  in  some  parts  of 
the  East  Indies.  The  Indians  pass  the  thrcnd  on  the  outside 
of  the  hand,  between  any  of  the  nn;^ers,  or  bciut  ^mi  the  fore 
linfrer  and  thumb.  The  Thessalian  women  inQculaie  in  the 
forehead  and  chin.  Some  abrade  the  scarf  skins,  and  rub  in 
the  pondered  dry  scabs,  which  fall  from  the  pustules  of  patients 
with  the  small-pox. 

Many  of  the  Greek  women  make  an  oblique  puncture  nith  a 
needle,  on  the  middle  of  the  top  of  the  forehead,  on  each 
rheck,  the  chin,  each  metacarpus,  and  each  metatarsus;  then 
drop  in  each  a  tittle  of  the  pus  just  taken  warm  from  a  patient, 
and  brouyrht  in  a  servants  bosom.  Others  in  Greece,  make 
.^ceveral  little  wounds  with  a  needle  in  one,  two.  or  more  places, 
in  the  skill,  till  some  drops  of  blood  ensue;  then  the  operator 
pours  a  drop  of  warm  pus  fresh  from  a  pustule,  and  mixes  it 
%%ith  the  blood  as  it  issues  out ;  then  the  wound  is  covered  by 
Sfime  with  a  bandaf^e,  by  others  uith  half  a  walnut  shell, 
phced  with  its  concave  side  over  each  orifice.  The  Chinese 
ronvey  a  pellet  of  variolated  cotton,  with  the  adilition  of  a  little 
inUNk,  into  the  nostrils  of  the  patient ;  they  colkct  dry  pus- 
ttile^.  and  keep  them  in  a  porcelain  bottle  well  corked;  and 
wlt«Mi  they  inoculate,  they  mix  a  i^rain  of  musk  w  ith  thre*:  or 
fonr  cniins  of  tho  dry  scales,  and  roll  them  iu  cotton.  This 
ii.i  thod  may  be  callecl  inodoration. 

About  Deiigral,  in  the  East  Indies,  the  person  who  intends  to 
l>r  iiioculatcd,  havings  found  a  house  where  there  is  a  ffood  s<irt 
f)f  small-pox,  goes  to  the  bed  of  the  sick  person,  if  he  is  old 
riviuKh  ;  or  if  a  child,  to  one  of  his  relation^*,  ami  spcnks  to  him 
Hs  follows: — **  I  am  come  to  buy  the  small-pox."  The  answer 
i*,  **  liuy  if  yoa  please."  A  sum  of  money  ii  accordingly 
'^\\cn,  and  one,  three,  or  five,  pustules,  for  iltc  number  must 
LiiiftR^s  be  odd,  and  not  exceeding  five,  extracted  whole,  and 
l.Jl  of  matter.  These  are  immediately  rubbed  on  the  skin  of 
tho  outside  of  the  hand  between  the  fore  fin;ier  and  the  Ih  imb ; 
Aiyl  this  suffices  to  produce  ti.e  discrisc.  The  same  custom 
prevails  in  Algiers,  Tunis,  Tripoli,  and  other  countries. 

Very  similar  to  the  custom  among  the  people  itbout  neii;!:al. 
\c.  is  that  in  Arabia,  where  on  some  fleshy  part  the>  make 
several  punctures  with  n  needle  imbut-d  in  variolous  matter, 
taken  from  a  pustule  of  a  favourable  kind.  Here  they  buy  the 
small. pox,  too.  as  follows: — 'I  he  child  to  be  inoculated  carries 
a  few  raisins,  dates,  sugarplums,  or  such  like,  and  shcwiug 
ihcni  to  the  child  from  uhom  the  matter  is  to  be  takrn,  ask*! 
how  many  |K)cks  he  will  give  in  exchange?  The  bari;ain  bciu^ 
made,  they  proceed  to  the  operation  ;  but  this  bu)iug,  though 
fttill  contiuucd,  is  not  thoUi;ht  necessary  to  tlie  success  of  the 
oprratiou.  The  Arabs  say,  thut  any  fleshy  part  is  proper,  but 
generally  they  insert  the  matter  between  the  f^rc  fin^^er  and 
thumb  on  the  outside  of  the  arm.  The  Ge(»r):ian<  insert  the 
matter  on  the  fore  arm.  The  Armenians  introduec  the  matter 
on  the  two  thighs.  In  Wales,  the  practice  ma)  be  termed 
iiifririion  of  the  small-pox.  There,  ^onie  of  the  diy  pustules 
:i'r  procurcdby  purchase,  and  arc  rubbed  hard  upon'the  naked 
arm  or  leg-. 


The  practice  in  some  places  is,  to  prick  the  skin  betwueo 
some  of  th<*  lingers  by  means  of  two  small  needles  juiotd  to  one 
another ;  and  after  havinj;  rubbed  a  little  of  the  matter  ou  the 
spot,  a  circle  i»  made  by  means  of  several  punctures  nf  the 
bigness  of  a  common  pustule,  and  matter  is  a^aiu  tubbed  over 
it.  The  operation  is  llnished  by  dressing  the  wound  with  lint. 
Anntlicr  custom  is,  to  mix  a  little  of  the  variolous  matter  with 
su:;ar,  and  give  it  to  be  drank  in  any  agreeable  iii|Ufir. 

Incisions  have  been  made  in  the  arms  ;ind  legs,  and  thread, 
cotton,  or  lint,  previously  dipped  in  the  variolous  mutter,  was 
lodged  in  them.  The  practice  of  some  is,  to  bathe  the  feet  in 
warm  water, and  then  secure  lint  dipped  iu  variolous  matter  on 
the  instep,  or  other  part  of  the  foot,  where  the  skin  i^  thin. 
Others  apply  a  small  blisteiing  plaster;  and  when  the  scarf 
skin  is  cle\atcd  and  slipped  olf,  thcvsriolus  matter  is  applied  to 
the  suifaee  of  the  true  skin,  and  confined  there  b)  a  little  lint 
or  plaster.  Scratching  the  skin  with  a  pin  or  needle,  and  thco 
rubbing  the  part  with  lint  prcviou>l>  dipped  in  varioIua.«  matter, 
is  the  custom  in  some  placet.— Iu  the  IIigh1and^  of  Srftlaml 
they  rub  some  part  (»f  the  skin  with  trrsh  mutter,  or  dio 
worsted  in  vaiiolous  matter,  and  lie  it  about  the  ehiUlreu  s 
wri.>ts.  Tlicy  observe,  that  if  fir^h  matter  is  applied  a  lew 
davs  successively,  the  iufcctiuD  is  more  certain  than  by  one 
application. 

^\'e  have  thus  given  the  history  of  inoculation  for  the  small- 
pox, which  not  many  3 cars  ago  wasjustl}  regarded  as  one  of 
the  greatest  discoveries  which  had  been  made  fur  the  beiirtit  of 
mankind,  and  would  still  be  regarded  as  siieh,  had  it  not  given 
place  to  one  still  more  valuable  and  important,  the  vuciinu 
inoculation  or  cow-pox,  which  now  prumi.ics  to  baiiiOi  tho 
small-pox  from  the  world.  For  an  account  of  this,  ice  Vacci- 
nation. 

It  would  be  quite  unnecessary  to  enter  into  the  detail  of  the 
.id vantages  to  be  derived  from  inoculation  foi  the  suiiill  pox, 
and  the  methods  of  performing  or  prcpaiiii;;  for  it  formerly 
(Hactised.  But  as  a  cuiious  part  of  the  lii>ior\  oi  this  prac- 
tice, we  shall  just  barely  mention  .some  of  the  oljietions  whuJi 
lia\e  been  urged  ai;ainst  it.  It  has  been  .*>ai«l,  ih.ii  inoculation 
for  the  small-pox  is  unlawful;  that  it  is  biiiiKin<(  a  di^ti  inper 
Oil  ourselves,  nnd  thus  iisurpiu'X  the  sacred  prci-ok(.iiive  of 
C^od ;  that  the  decrees  of  Gi»d  ha\c  fixed  the  <  ommis.Mon  of 
"ver^  discnsf^,  and  our  prceautious  cannot  prevent  what  Ua 
hath  dclermincd  ;  that  we  should  not  do  evil  that  guo<l  may 
eomc ;  that  the  patient  may  die,  and  then  his  last  imnuents  are 
ilislrcssed,  and  the  future  reflections  of  his  friends  are  f;ricvf>u.<i ; 
that  fear  is  a  dan«.;crous  fiassion  iu  the  small-pox,  but  inocu- 
lation increases  the  causes  of  fear,  by  lessening  our  faith  and 
trust  iu  God;  that  inoculation  docs  not  exempt  from  foturo 
infection;  that  other  di.scases  arc  communicated  with  the  mat- 
ter of  the  sinall-pox  by  inoculating  it;  that  perhaps  the  dis- 
ease may  never  attack  in  the  natural  way  ;  that  it  rcc|uire« 
much  thought  to  know  what  we  should  do  with  reiiard  to  iiiORu- 
lati'Ui ;  that  it  endangers  others,  and  that  llic  piaeiicc  of  in<»- 
eul'iti«>n  eome.s  frcmi  the  devil. 

INORDINATE  Puopoktii»n,  is  where  there  are  I  brer  mag- 
nitudes in  one  rank,  and  three  others  proportional  to  th''in  in 
anothrr,  nnd  >ou  compare  tlirm  in  a  dilTerent  order.  Thus 
supiKise  the  numbers  in  one  rank  to  br  -Z, :),  1>.  and  those  of  tin* 
other  rank  8,  *2I,  30.  whieb  arc  eoinpariii  in  diliciPnt  order. nr. 
'2  : :)  : :  *2I  :  :Ui ;  and  :i :  II : :  H  :  *2I.  Then  icjecting  thr  ni<'aii 
teim<  of  rach  rank,  )utt  conclude *2  : 1) : :  H  ;  ^k 

INQl'EST.  iu  Law,  an  inquisition  by  jumrs  or  a  jury. 

INlJl'ISITlUN,  iu  Law.  a  manner  of  prucecdin::  by  srnrch 
or  exiuiination.on  the  king's  iK'half,  in  cases  of  outlawrv .  or  sclf- 
iiiiiri!i  I.  to  discover  the  lands,  gouds.&c.  foileitcd  to  the  crown. 
inqoi»iti«in  is  also  had  upon  estrutn  of  lauds.  tcncfnent«.  dhC., 
writs  i»f  elffuit.  and  wheie,  judgment  being  had  b>  default, 
damaires  ami  eo^ts  are  ireovcrcd. 

I\«ii  isiTiMN.  in  the  Church  of  Rome,  a  tribunal  in  several 
Roman  Catholic  countries,  erected  b)  the  popes  fur  the  exami. 
nition  and  punishment  of  heretics. 

INKOLLMENT,  in  Law,  is  the  rcRi^itering, recording, or  en- 
tiling iu  the  rolls  of  the  Chancer>.  King's  lieueh,  Contmon 
Pleas,  or  Exchequer,  or  by  the  clerk  of  ihc  peace,  in  the  recnr«ls 
of  the  quarter  sessions,  or  any  lawful  act;  a  statute  t*r  reoftieui* 
K'tucc  acknoMlcdgedi  a  deed  of  bargMo  a^d  sale  of  lands,  and 
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the  tike.  By  st&tulo  27  Hemy  VIII.  c,  Ifl,  no  lands  shall  pass 
whereby  any  CHiate  of  inberitance  or  freehold  shall  take  effect, 
or  any  use  thereof  be  made,  b^  reason  only  of  any  bargain  and 
■ale  thereof,  eteept  the  bargata  and  sale  be  made  by  writint; 
indented,  sealed,  and  nitbia  sis  months  inrolled  in  one  of  the 
king's  courts  of  record  at  Westminster;  or  else  within  tlie 
c on Qly  where  the  lands  lie,  before  the  clerk  of  the  peace,  and 
one  or  more  justices.  But  by  &th  Elizabetb,  c.  06,  in  the  coun- 
ties palatine,  tbey  may  be  inroUed  at  the  respectiTe  courts 
there,  or  at  the  usizes.  Every  deed  before  it  is  inrolled  is  to 
be  acknowledged  to  be  the  deed  of  the  party  before  a  master 
of  chancery,  or  a  jadge  of  the  court  wherein  it  is  intnlled,  wbicb 
is  the  ofhcer's  warrant  for  inrolling  it ;  and  the  inrolment  of  a 
deed,  if  it  be  acknowledged  by  the  grantor,  n  ill  be  a  good  proof 
of  the  deed  itself  upon  a  trial, 

INSCRIBED  FiouBE,  in  Geometry,  is  one  wbicbhas  all  its 
angles  in  the  sides  or  peiipbery  of  another  figure,  in  whiQh  the 
former  issaidlobeinscribed.  q 

'I'o  intcribe  a  tircU  in  a  trianglt 
ABC. 

Bisect  any  two  of  the  angles  A 
and  B,  and  from  the  point  of  intcr- 
seciion  O,  let  fall  the  perpendicular 
OD  1  so  will  0  D  be  the  radius  and  O 
the  centre  of  the  circle  required. 


Toi, 


Tibe  a  Polygon  wil/iin 


eirrunurrifre  a  Poli/gon  about  a  given 
Circle. 

Bisect  two  of  the  ang^les  of  the 
given  polygon  A  and  B  by  the  right 
fine*  A  O,  B  O ;  and  from  the  point 
O,  where  they  meet,  with  the  radius 
AO,  describe  a  circle  ithich  will 
drOQm scribe  the  polygon. 

Neil,  to  circumscribe  a  polygon,  _ 

divide  360  by  the  number  of  sides  re- 

8 aired,  to  find  the  angle  A  D  B ;  which  set  off  from  the  centre 
I,  and  draw  the  line  A  B,  on  which  construct  the  polygon  as  in 
the  following  problem.  2,  On  a  given  line  to  describe  any 
given  regular  polygon.  Find  the  angle  of  the  polygon  in  the 
table,  and  at  A  set  off  an  angle  equal  thereto  ;  then  drawing 
C  A:=  A  B,  Ibrough  the  points  C  A  B.  desciibea  circle,  and  in 
this  applying  the  given  right  line,  as  often  as  you  can,  the  poly- 
gon will  be  described. 

iNtCRiBED  IfjFjwriofif,  that  whichljes  wholly  ttithin  the  angles 
of  its  symptotea;  as  does  the  common  or  conical  hyperbola. 

INSCRIPTION,  a  title  or  vnting  affixed  to  any  thing,  to 
give  aome  farther  knowledge  of  it,  or  to  transmit  some  im- 
portant truth  to  posterity.  Antiqaariei  are  very  curious  in 
«xamining  ancient  inaoriptions  found  on  sIoni:s  and  other 
nonnmeats  of  antiquity.  Sanchoniathon,  cotitFmporary,  as  it 
is  said,  with  Gideon,  drew  roost  of  the  memoirs  whereof  his 
history  is  composed  from  inscriptions  which  he  found  in  tem- 
ples and  on  cotumns,  irath  among  the  Heathens  and  the 
Hebrews. 

INSECTS,  are  not  furnished  with  red  blood,  but  instead  of 
it  their  vesiels  contaia  a  transparent  lymph.  .They  are  destitute 
of  interoal  bones;  bot  in  place  of  them  are  furnislied  with  a 
tiard  external  covering,  to  which  ihe  musoles  are  attached, 
which  serves  them  both  for  skin  and  bones  ;  Ihey  arc  likewisn 
without  a  spine  formed  of  vertebra.  They  are  furnished  with 
articnlaled  legs,  six  or  more.  A  very  great  number  of  insects 
nndergo  a  metamorphosis,  which  takes  place  in  all  winged 
insects.  They  frequently  change  their  skin  in  the  progress  of 
their  growth.  A  very  great  number  of  insect*  are  furnished 
with  jaws  placed  transversely.  The  wings  with  which  a  very 
great  number  ofiosects  are  furnished,  distinguish  them  from  all 
Other  animals  which  are  not  furnished  with  a  spine  composed  of 
vertehrn.  Insects  are  generally  oviparous.  Scorpions  and 
aphides  during  the  inmmer  months  are  vivipaions.  Incubation 
iinotneaeasBryforhatching  their  eggs.  Id  many  Insects,  such  as 
the  crab,  lobster,  Sec.  the  eitemal  covering  is  very  bard,  and 
destitute  of  organization ;  it  is  composed  of  a  calcareous  earth, 
mixed  with  a  small  quantity  of  gelatine,  formed  by  an  exudation 
from  the  anrfoM  of  the  body.    A*  its  bardaei*  would  check  the 


growth  of  the  knimal,  nature  has  provided  a  remedy;  iD  of 
these  crustaeeouv  insects  cast  their  shell  annually,  lite  skin 
of  most  other  insect!  is  softer  and  organized,  being  formed  of 
a  number  of  thin  membranes,  adhering  closely  to  one  aootkcr. 
putting  on  the  appearance  ofborn.  It  owes  it*  greater  toftnets 
to  a  large  portion  of  gelatine.  The  muscle*  of  insect*  oonsitt 
of  Dhres  formed  of  fasciculi ;  there  are  commonly  bat  two  mnv 
cles  lo  produce  motion  in  any  oftheirlimbs.tfaconeaDexteasor, 
the  other  a  llcxor.  These  muscles  are  commonly  attached  to  a 
tendon,  composed  of  a  horny  substance  connected  to  the  part 
which  they  are  destined  lo  put  in  motion.  In  most  insectsthe 
brain  is  situated  a  litile  above  (he  oeiopbagns;  it  divides  into 
two  large  branches  which  surround  the  ucsopbagns,  and  BMte 
again  under  it,  from  which  junction  a  whitish  nervous  card 
proceeds,  corresponding  to  the  spinnl  marrow  of  the  SBperiof 
animals,  whii:b  extends  the  whole  length  of  the  body,  fonniagio 
its  course  twelve  or  thirteen  knots  or  ganglions,  from  eack  of 
which  small  nerves  proceed  to  different  parts  of  the  body.  It 
appears  pretty  evident  that  they  possess  vision,  heaiing.sndl, 
and  touch ;  as  to  the  sense  of  taste,  we  are  left  to  conjecture, 
for  we  are  acquainted  with  no  facts  by  which  we  can  prove 
that  insects  do  not  enjoy  the  sense  of  taste.  Tbe  eyei  of  iuceti 
are  of  two  kinds :  the  one  compound,  composed  of  lenses.  Urge, 
and  only  two  in  number  \  the  other  are  small,  amoolh,  and  vary 
in  number  from  two  to  eight.  The  small  lenses  which  form 
the  compound  eyes  are  very  numerous  ;  they  amonnt  in  womt 
insects  to  many  hundreds.  Tbe  far  greater  number  ofiaiccti 
have  only  two  eyes,  but  some  have  three,  som«  fonr.  aomesii, 
some  eight.  The  eyes  of  insects  are  commonl/  injnunabk. 
Their  ears  have  been  discovered  at  the  mot  of  their  BotenoK, 
and  can  be  distinctly  seen  In  some  of  tbe  large  kind*,  a*  tk 
lobster.  The  faculty  of  smelling  is  the  most  perfeet  of  aOfteir 
senses.  Beetles,  of  various  sorts,  the  different  species  of  dcr- 
mestes,  flies,  &c.  perceive  at  a  considerable  distance  the  sbmH 
of  ordure  and  dead  bodies.  Insects  feed  on  a  great  variety  «( 
substances  ;  therearefewlhiogseitberinlhe  vegetable  or aalBiI 
kingdoms  which  arc  not  consamed  by  some  of  them.  As  latBy 
insects  cannot  transport  themselves  easily  in  qnest  of  food,  ts 
places  at  a  distance  fcom  one  another,  natare  has  rarniihedtW 
perfect  Insects  of  many  species  with  an  instinct  which  leads 
them  to  deposit  their  eggs  in  situations  where  Ihe  lame  at  soon 
as  hatched  may  find  that  kind  of  food  which  is  best  adapted  Is 
their  nalure.  Some  insects,  at  diffiirent  periods  of  their  exis- 
tence, make  use  of  aliment  of  very  different  properties;  Ik 
larvs  of  some  are  carnivorous,  while  tbe  perfect  intecl  beds 
on  the  nectareoua  juice  of  Sowers.  Some  anthors  hare  assert- 
ed that  insects  have  no  lungs ;  botlater  experience  and  obser- 
vation shew,  that  no  species  wants  them,  or  at  least  ti 


tion  t  .        _ 

they  Ileal  or  near  tolhesorfnceoflhebody,  and  send  oatMcnl 
pores  or  tracheae.  Insects  do  not  breathe  throogh  tbe  Mooth 
or  nostrils  ;  there  are  a  number  of  vessels  for  tbe  reeeption  of 
air,  placed  along  on  each  side  of  the  body,  whioh  are  OOOUMaly 
called  spiracula,  which  are  subdivided  into  a  nnmberofsatBcr 
vessels,  or  bronchiie ;  the  vessels,  or  tracheK,  i^eb  preewJ 
from  the  pores  on  the  sides,  are  not  composed  of  adBpieae» 
brane,  but  are  tubes  formed  of  ciro'nlar  rngse ;  tbe  niiraealt 
are  distinguishable,  and  are  covered  with  a  sinll  sealy  plate, 
with  an  opening  in  the  middle  like  a  button-hole,  which  is  fur- 
nished wilh  membranes  oi  threads,  lo  prevent  tbe  adniiatMi  of 
extraneous  bodies. 

Insects  are  the  only  animals  without  vertebrse,  in  which  tit 
sexes  arc  dislingoished.  All  insects  are  either  male  or  fenslc, 
except  in  a  few  oflbe  genera  of  theorderof  hymenoplera.  Tie 
male  is  always  smaller  than  the  female.  Ilie  colours  oftk 
male  are  commonly  mnchmorebrilliant  than  those  of  the  fiCBak, 
in  some  insects  the  colours  of  the  male  is  lottUlj  differoDt  (Ma 
that  of  the  female ;  the  antennm  of  the  male  are  comaranty  afs 
different  form,  and  latter  than  those  of  the  female;  freqaeatly 
the  males  are  furnished  with  wings,  while  tfaefemales  hare  ■ew; 
the  female  bee  is  furnished  with  a  sting,  while  tbe  male  It  dn- 
titute  of  one ;  the  males  of  some  insects  are  furnished  will 
sharp  prominent  points,  resembling  horns  aitnated  either  m 
the  head  or  breast,  whioh  are  either  not  perceptible,  or  veiy 
faintly  marked,  in  the  female.    Tbe  parts  essential  to  gesM^ 
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t'ton  nfTord  the  best  distin^uishins:  m.irk  ;  in  mo5t  insrcts  they 
nre  situated  near  the  extremity  of  the  rictum.  See  Entomoloo  v 
and  L«uv.*. 

INSOLATION,  in  Phnrinacy,  a  method  of  preparin?  certain 
fruits,  drucs,  &c.  by  cxpoiin«c  them  to  the  heat  uf  the  siin'.s 
rays;  cither  to  dry,  to  maturate,  or  U*  sharpen  them  :  as  is  done 
in  vine^rar,  ftps,  &e.  The  word  conies  fiom  the  Latin  verl*  m- 
totnre,  which  is  used  by  Pliny  and  Coluniclla,  and  sij^iiifies,  to 
expose  to  the  sun. 

INSOLUHILITY,  in  Chemistry.  The  in*;oluhiIity  of  a  sub- 
stance in  a  fluid,  %vhich  is  the  nicilinrn  of  chrmieal  action,  has 
an  influence  on  that  action,  somen h;il  similar  to  that  of  cohe- 
aion,  and  is  nothin^^  but  a  modification  of  it  in  relation  to  the 
fluid  in  which  it  is  exerted. 

INSOLVENT,  a  term  applied  to  sueli  persons  as  have  not 
uhereiiithal  to  pav  their  just  debts.  A  person  dyin^r,  and  not 
Icavinf^  estate  sullicient  to  discharge  these,  is  said  to  die 
insolvent 

INSPIRATION,  among:  divines,  &b.  implies  the  convevintj 
of  certain  extraordinary  and  supernatural  notices  of  motions 
into  tbe  mind  :  or  it  denotes  Riiy  supernatural  influence  of  (vod 
opon  the  mind  of  a  rational  creature,  whereby  he  is  formed  to 
any  defrrec  of  intellectual  improvement,  to  uliicb  he  could  not 
or  would  not,  in  faet.have  attained  in  his  pre  sent  circumst;inces 
in  a  natural  way.  Thus  the  prophets  arc  said  to  have  spoken 
by  divine  iospiralion. 

Some  authors  reduce  the  inspiration  of  the  sacred  writers  to 
a  particular  care  of  Providence,  which  prevented  any  thin;c  they 
hail  said  from  failing;  or  coniini;  to  noucht ;  nmintainin};  that 
tiiey  never  uere  really  inspired  tithi  r  with  knowledge  or  ex- 
pression. Accordins:  to  others,  inspiiption  is  no  more  than  a 
direction  of  the  Holy  Spirit,  which  ne\er  permitted  the  sucred 
writers  to  be  mistaken.  It  is  a  common  opini(»n,  that  the  in. 
apiiatiou  of  the  Holy  Spirit  regards  only  the  matter,  not  the 
st>le  or  wordi. 

INST  \LMENT,  the  establishing;  a  person  in  some  d>p;nity. 
It  is  chiefly  used  for  the  induction  of  a  dean,  prel>endary,  &e. 
Ic  is  also  ii9ed  for  the  ceremony  whereby  the  kniuhts  of  the 
f^arter  are  placed  in  their  rank,  in  the  chapel  of  St.  Ueorj^c, 
Windsor.     It  is  sometimes  termed  inttallatiuA. 

1NST.4NT,  such  a  part  of  duration  wherein  we  perceive  no 
succession ;  or  it  is  that  which  takes  up  tbe  time  only  uf  one 
iilca  in  our  minds. 

INSTELLONt  is  used  by  some  authors  to  denote  those  parts 
of  space  witicli  arc  beyond  the  rii'-ions  of  the  solar  S)stcin. 

INSTINCT,  an  appollatiou  pven  to  the  sap:acity  and  natural 
ioclinatiuns  of  brutes,  which  supplies  tbo  placo  of  reason  in 
mankind. 

INSTITUTES,  in  literary  History,  a  book  containing;  the 
elcotents  of  the  Roman  law.  The  institutes  are  di%i<]ed  into 
four  books*  and  contain  an  abrid;;inent  of  the  whole  body  of 
the  civil  law,  bcinj;  dcMf^ucd  for  the  use  of  stutlcnls.    St'e  Liw. 

LssTlTi'TE,  in  Scots  Law,  when  by  dispobiliun  or  deed  of 
entail  a  number  of  persons  arc  called  to  the  sucee.^siun  of  nn 
cstAtc  one  after  another,  the  person  tir^t  named  is  called  the 
imsiiiHte.  the  others  MubnituUt. 

INSTITUTION,  in  Rcucral,  siirnifirs  the  establishiuf;  or 
founding;  something.  lu  the  common  law,  it  si^^nifies  tJie 
investing  a  clerk  with  (he  spiritualities  of  a  rectory,  &c.  which 
is  done  by  the  biahop,  who  u>cs  the  r«>!I(iwin^  formula:  **  1 
institute  you  rector  of  such  a  church  with  cure  of  souls;  re- 
ceive }our  cure  and  mine." 

INSULATED,  in  Kleetririty,  a  term  applied  to  bodies  that 
are  supported  by  electrics,  or  uou-coiiductors,  ro  that  their 
communication  with  the  earth  by  eonductiuj^  substances  is 
interrupted. 

INSURANCE,  Laws  of.  IK  the  stat.  14  (ico.  HI.  c.  4$.  no 
insurance  shall  be  made  on  li\es,  or  on  any  other  c\cnt  wherein 
tbe  party  insured  hath  no  interest :  and  in  all  policies  the  name 
of  such  interested  party  shall  be  in.^ierted.  and  nuthinc  more 
shall  be  recovered  thereon  than  the  amount  of  the  interest  of 
the  insured.  This,  however,  does  not  extend  to  marine  insu- 
rances. But  as  it  was  a  common  practice  of  insuring  iar|?e 
sums  without  having  property  on  board,  and  which  were  called 
wa^cr  policies  or  insurances,  interest  or  no  interest,  and  of 
insurini;  the  satnc  goods  several  times  ovcr^  it  hbs  enacted 


that  all  insurances,  interest  or  no  interest,  or  without  further 
proof  of  the  interest  than  the  policy,  or  by  way  of  ^amin;r,  or 
without  benefit  of  salvatre  to  the  insurer,  should  be  void  except 
on  privateers,  or  on  ships  or  goods  from  the  Spanish  or  Portu* 
piese  dominions :  and  that  no  rc-assuranec  shall  be  legal, 
unless  the  former  insurer  be  insolvent  or  dead;  and  that  in  the 
East  In(*ia  trade,  the  lendiuf;  of  money  on  bottomry,  or  ad  re- 
spmulnttirt,  shnll  alone  ha\e  a  ri|;ht  to  he  insured  for  the  money 
lent ;  and  the  borrower  shall  recover  no  more  upon  any  insu- 
rance than  the  .surplus  of  his  bottomry  or  rrfponrfrntia  bond. 
No  insurance  enn  b;*  made  on  an  llle';sd  voyagre.  It  is;;encrally 
stipulated  in  ]iolieics,  thai  the  infiirer  shall  n(»l  be  answerable 
for  any  partial  lo>s  on  certain  articles,  but  on  others  less  diflicuU 
to  be  preserved  at  sea,  but  liid»le  to  partial  injuries,  shall  be 
liable  for  any  partial  loss  abo\e  live  per  cent.  ;  and  as  to  all 
other  coods,  and  the  ship  and  freifrht,  he  shall  only  be  liable  for 
such  losses  abo\e  three  percent  But  be  is  liable  on  all  lo>ses, 
however  small,  called  general  average,  or  losses  occ:isioned  by 
the  ship  straiidin*:;  but  this  loss  must  lie  an  immediate,  not  a 
remote  eon>ei|ii<M)ce  of  the  strandiui;.  The  eommenceroent  of 
the  risk  on  the  .ship  varies  in  most  eases,  and  usuull>  continues 
till  the  ship  hns  heen  '2t  hours  at  safe  anchor.  Upon  goods  it 
commences  when  they  are  on  board,  and  continues  till  they  are 
removed  or  landed.  The  slup  insured  roust  be  fit  to  bear  tbe 
sea  and  perform  the  voyage;  and  if  she  dc\iates  from  the 
usual  course,  and  stops  at  places  not  usually  slopped  at,  with- 
out a  proper  e.iuse,  tlio  (-i)ntrai*t  is  \oi<l. 

iNkfJiWii   upitn  I^t/c.     ilV(c  Asm.  RA.\CE* 

INTACT  v.,  the  same  as  Asymimoi  i . 

INTAtiLli 'S.  precious  stones,  on  which  are  engraved  the 
heads  oi'mett  nun.  insniptions,  and  Uie  like;  such  as  wc  fre- 
ipiently  st-e  set  in  rin^s,  seals,  &c. 

INTKd'IMt,  in  Arithmetic,  a  whole  number,  in  contradis- 
tinction to  a  t'l action. 

1NT1C(W(.\L.  or  iNTrtiRwr,  in  Philosophy,  appellations 
given  to  parti  or  bodies,  which  arc  of  a  similar  nature  with  the 

whole. 

I  .N  I  EC  u  \  L  Ca  Jcu!u$,     See  C  a  ici "  M*  s . 

I.NTtuii A L  Ud/ru/ui,  is  tho  Tcvcrsc  of  the  diflferential  calcu- 
lus, and  corresponds  with  our  inverse  mcihod  of  fluxions;  the 
findiu'.:  of  an  integral  to  a  given  differential  belni;  the  same  as 
finding  t!ie  flucat  of  a  jivca  fluxion,  and  is  performed  by  the 
same  rtiles. 

INTLCiL  Ml'NTS,  in  Physiolojjy,  the  common  covcrin;;s 
which  in\esl  the  body,  as  the  skin  with  the  fat  and  cellular 
mciiibr.'ine.     If  i<  also  the  term  of  the  body. 

INTrNT>AIi:NT,  in  Law,  is  the  intention,  design,  or  true 
meaiii.iir.  of  a  person  or  thin^,  which  frequently  supplies  what 
is  not  fidly  expressed;  but  thnuich  the  intent  of  parties  in 
deeds  and  contracts  i%  much  retrarded  by  the  law,  yet  it  cannot 
take  place  si:ninst  the  rules  of  law. 

I N  n.sDMi.N  r  of  ( 'f-i inrj.  This,  in  case  of  trc*ason,  where  the 
intention  is  proved  by  circumstances,  is  punLshahle  in  the 
same  manner  as  if  it  was  pnt  in  execution.  So,  if  a  person 
enters  a  house  in  the  nirbt-time.  with  an  intent  to  eommit 
burglary,  it  is  felonv  ;  also,  an  n-isnult,  with  an  intent  to  com- 
mit a  robbery  on  the  highway,  is  made  felony,  and  punished 
with  tran<portatiun,  7  Geo.  II.  e.  *2\» 

INTENSITY,  in  Physics,  U  tbe  degree  or  ntc  of  power  or 
cnerKy  of  any  quality,  as  of  heat  and  cold.  The  intensity  of 
t|ualities.  as  gra\ity,  light,  beat,  &c.  vary  in  the  re«-ipioeal 
ratio  of  the  squares  of  the  distances  fn>m  the  centre  of  the  radi- 
atini;  quality. 

INTKNT,  in  the  Ci\il  Law,  signifies  to  begin,  or  commence, 
an  action  or  process- 

INTHNTION,  in  Medicine,  that  judgment  or  method  of  cure 
which  a  physician  forms  to  himself  from  a  due  examination  uf 
symptoms. 

I\rBsrioN,  in  Physics,  tho  increase  of  the  power  or  energy 
of  any  quality,  as  heat,  eidd,  &.c.  by  which  it  stands  opp<UH:d 
to  remission,  which  signifies  its  decrease  or  diminution. 

Intention,  iu    Metaphysics,  denotes    an    exertion   of  tJie 
•nteliectual  faculties  with  more  than  ordinary  vigour;  when 
the  mind  witli  earnestness  fixes  its  «iew  on  any  idea,  con- 
siders it  on  nil  sides,  and  vill  not  be  called  off  by  any  aoliui 
tation. 
6Q 
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INTERCALARY  DiT,  denotea  the  odd  daj  which  is  inserted 
In  the  kalendar  aier;  fourth  jear.    Set  Bissextile. 

INTERCALARY,  sn  appellatioa  siven  to  the  odd  da; 
iDseited  in  leap-year ;  which  was  lo  called  from  ealo  calare, 
"  to  proclaim,"  it  being  proclaimed  by  the  priests  wilh  a  load 
YOice.  But  the  tenn  maj  with  eqaal  propriety  apply  to  the 
insertioD  of  ao;  period  cf  time,  by  astroQomora  Bod  legislators, 
to  make  tbe  entire  civil  year  correspond  with  the  passage  of 
the  earth  in  the  Eodiac,  from  solstice  lo  solstice,  or  from  equi- 
nox to  eqaiDox.  Thaa,  the  Roman  year  once  cooslsted  but  of 
ten  Diooths  ;  afterwards  two  more  were  ad'ded  ;  and  from  that 
time  to  the  present,  inlercalatioos  have  been  adopted  in  Ihe 
reformatioD  of  the  calendar.  In  remote  times,  when  the  Ram 
beoame  the  leaderof  Ihe  zodiacal  signs,  it  was  called  Juhtl;  and 
thejabilee  was  proclaimed:  at  the  festival  of  Jupiier  Ammon, 
B  ram  was  slain  and  eaten  by  the  people  of  Thebes,  and  a 
male  lamb  was  saeriEced  hy  the  Hebrews,  on  the  lOth  of  the 
moatb  Nisan,  to  commemorate  Iheir  deliverance  from  Egypt 
Ht  the  vernal  eqainox,  or  when  (he  sun  was  in  Aries. 

INTERCEPTED  Axis.    ««  Abscisa. 

INTERCOLUMNIATJON,  in  Arcbitectnre,  denotes  the 
•pace  be^s'eeo  two  columns,  which  is  always  to  be  propor- 
tioned to  the  height  and  hulk  of  (be  rolumns. 

INTERCOHMONING,  in  Law,  is  when  the  commons  of 
two  manors  lis  together,  and  the  inhabitants  of  both  have, 
time  ont  of  mind,  oansed  their  cattle  lo  feed  proraiscuonsly  on 

INTERDICT,  an  ecclesiastical  censure,  by  which  the  Church 
of  Rome  forbids  the  performance  of  divine  service  in  a  king- 
dom, province,  town,  Eco.  This  censure  has  been  frequently 
esecnted  in  France,  Italy,  and  Germany:  and  in  Ihe  year  1170, 
Pope  Alexander  111.  pat  all  England  under  an  inierdict,  for- 
bidding tbe  clergy  to  perform  aoy  part  of  divine  service,  ex- 
cept baptizin|;  of  infants,  taking  confessions,  and  giving  absolu- 
tion to  dying  penitents.  But  Ibis  censure  being  liable  lo  the 
ill  consequences  of  promoting  libertinism  nnd  a  neglect  of  reli- 
pon,  the  succeeding  popes  have  very  seldom  made  u«e  of  it. 

INTEREST,  is  the  allowance  made  for  the  loan  or  forbear- 
ance of  a  sum  of  money,  which  is  lent  for,  or  becomes  due,  a(  a 
certain  time;  Ibis  allowance  being  generally  eslimatc^d  at 
go  much  per  cent  per  anaum,  that  is,  so  much  for  the  use  of 
£100  for  a  year,  and  Ibis  rate  is  by  law  fixed  not  to  exceed  £5, 
or  in  other  words,  the  greatest  rate  of  interest  must  not  exceed 
fi  per  cent  per  annum.     Interest  is eithern'mp/c  or  compound. 

Simple  interest,  is  that  which  is  allowed  upon  the  principal, 
only  for  tbo  whole  time  of  the  loan,  or  forbearance.  The 
money  leot  or  forborne  is  called  the  principal.  The  sum  paid 
for  the  use  of  it,  tbe  interest.  The  interest  of  £100  for  one 
year,  is  called  the  rate  per  cent.  And  the  sum  of  any  principal, 
and  its  interest,  together,  the  amoant. 

Tojind  Ike  Intereit  of  any  Sum  for  any  Ptriod,  and  at  any 
giten  Rati  per  cent.— Say,  as  £100  is  to  the  rate  per  cent.  ;  so 
Is  anjr  principal  to  Its  interest  for  a  year.  And  then,  as  one 
year  is  to  Ibia  interest,  so  is  any  given  time  to  the  interest  for 
that  time.  Suppose  it  were  required  to  find  the  interest  of 
£619.  \Zi.  4d.  for  3}  years,  at  5  per  cent,  per  annom. 

first,  100  :  6  : :  £fiU).  I3t.  id.    Again,   1  :  31  :  :  25  10    8 


£36.98     6     8 


7    2|181   17     8 
£90  18  10 


d.  S.OO 

nial  if,  tlie  Interest  of  the  proposed  inm  for  1  year    is 

£35.  19*.  ed.  i  and  for  31  years,  it  U  £90.  18#.  lOif.  as  required. 

Again,  to  find  the  intereit  of  £1U0,  for  2|  years  at  5  per  cent. 

As  £100  :  £5  ::  £260  :  £12.  !(»>. 

As  1  year  :  £12.  lOt.  ; :  21  :  £31.  6f. 


Table 

of  the  Interett  e/£l,  for  anj 

Number  tf  Day,,  at 

different  Rate*  of  JtOtrut. 

gy 

JpttCnt.    ■^'' 

;;sf»r 

.■«c™. 

Pour  ind  •  hilf 

>P«c™ 

1 

'00008 

00009 

-00010 

■00012 

■00013 

2 

■00016 

00019 

■00021 

■00024 

■00027 

3 

■00024 

00028 
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■00036 

■00041 

4 

•OOO-TJ 

00038 

-00043 

■00049 

■00064 

5 

■00041 
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■00061 
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6 

■00049 
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•00082 

7 
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■00076 

•00086 

■00096 

8 
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00076 

•00087 

-00098 
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9 

■00073 

00086 

•00098 
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10 

■00082 

O0O05 

■00109 

■00123 

■00136 

20 

■00164 

00101 
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■00246 

-00273 

30 

■(10240 

00287 

■00328 

00369 

■00410 

40 

■ooa28 

00383 

■00438 

■00493 

■00647 

60 

■00410 

00479 

■00547 

■00616 

■00694 

CO 

■00493 

00676 

■00(i67 

■00739 

■00821 

70 

■90.'i75 

m67\ 

■00707 

■008(3 

-00958 

80 

■O0C57 

■O0767 

■00870 

■00986 

-01005 

90 

■00730 

008(33 

■00986 

■01109 

■01232 

ino 

■00821 

■00958 

■01096 

■91232 

■01369 

200 

■01043 

01917 

■02191 

■02463 

■02739 

auo 

■ll2l(io 

02876 

■03287 

■03698 

-O4108 

or  three  of  its  norabera,  the  interest  for  any  Dumber  of  dan. 

and  Ihe  following  will  in  the 

ame  way  find  it  for  any  nashei 

of  years 
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■03000 
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'2 
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■08UOO 

•09000 
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3 
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17500 

■20000 

■22.M0 

■25000 

6 

■18000 
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7 
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■35000 

S 

■24000 

28000 
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•36000 

■40000 

9 

■27000 

31500 

■3C000 

■4050O 

-46000 

10 

■30000 

35000 

■40000 

■4600O 

■5O000 

■33000 

38500 

■44000 

■40600 

■66000 

12 

■30000 

42000 

■48000 

■64000 

•60000 

13 

■39000 

46600 

■32000 

■3850O 

-66000 

14 

■42O0O 

49000 

■50000 

■63000 

70000 

13 

■45000 

62500 

■60000 

■67500 

■76000 

l« 

■48000 

60000 

■61000 

■72000 

■80000 

17 

■61000 

59500 

■68000 

76500 

•86000 

18 

•64000 

63000 

■72000 

■81000 

-fiOOOO 

19 

■67000 

66600 

■76000 

•85500 

■flaooo 

30 

■GOOOO 

70000 

■BOOOO 

-90000 

■■00000 

21 

■63O0O 

73500 

■84O0O 

■94600 

1-06000 

2-2 

•G600(» 

77000 

■68000 

■99000 

■■10000 

23 

■eaooo 

80500 

■92000 

1-03500 

■  ■15000 

24 
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84000 

■96000 

rosooo 

■■2O000 

2a 

■75000 

87600 

t -00000 

1-12600 

I-25O0O 
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Interlocutory  Order,  that  which  decides  not  the  cause, 
l^ut  only  settles  some  intervening  matter  relating  to  the  cause. 
As  where  an  order  is  made  in  Chancery^  for  the  plaintiflf  to 
have  an  injunction  to  quit  possession  till  the  hearing  of  the 
oanse ;  this  order,  not  being  final,  is  called  interlocutory. 

INTERLUDE,  an  entertainment  exhibited  on  the  theatre 
between  the  acts  of  a  play,  to  amuse  the  spectators  while  the 
actors  take  breath  and  shift  their  dress,  or  to  give  time  for 
changing  the  scenes  and  decorations.  In  the  ancient  tragedy, 
the  chorus  sung  the  interludes,  to  shew  the  intervals  between 
the  acts.  Interludes,  among  us,  usually  consist  of  songs, 
dances,  feats  of  activity,  concerts  of  music,  &c.  Aristotle  and 
Horace  give  it  for  a  rule,  that  the  interludes  should  consist  of 
songs  built  on  the  principal  parts  of  the  drama ;  but  since  the 
chorus  has  been  laid  aside,  dances,  buffoons,  &c.  ordinarily 
finish  the  interludes. 

INTERMEDIATES,  in  Chemistry  a  term  made  use  of  when 
speaking  of  chemical  affinity.  Oil,  for  example,  has  no  afiinity 
to  water  unless  it  be  previously  combined  with  an  alkali ;  it 
then  becomes  soap,  and  the  alkali  is  said  to  be  the  intermedium 
which  causes  the  union. 

INTERNAL,  in  general,  signifies  whatever  is  within  a  thing. 
Euclid  (lib.  1.  prop.  32,)  proves  that  the  sum  of  the  three  angles 
of  every  triangle  is  equal  to  two  right  angles  ;  whence  he  de- 
daces  several  useful  corollaries.  He  likewise  deduces  from 
the  same  proposition,  this  theorem,  viz.  that  the  sum  of  the 
angles  of  every  rectilinear  figure,  is  equal  to  twice  as  many 
right  angles  as  the  figure  hath  sides,  excepting  or  subtracting 
four. 

INTERPOLATION,  in  Analysis,  is  the  method  of  finding 
any  intei mediate  term  in  a  series,  its  place  or  distance  from 
the  first  term  being  given.  This  is  commonly  cITected  by  means 
of  the  successive  differences  of  the  given  terms,  and  is  there- 
fore sometimes  called  the  differential  method,  though  this  latter 
expression  is  more  commonly  employed  to  denote  the  method  of 
summing  up  of  series  by  means  of  interpolation ;  saving,  inmany 
cases,  immense  laborious  calculations.  Thus,  for  example,  in 
finding  the  places  of  some  of  the  planets,  whose  motion  is  not 
Tery  rapid,  it  will  be  sufficiently  accurate  to  find  their  places  by 
calculation  for  every  fourth  or  fifth  day,  and  then,  by  means  of 
the  methodsabove  described,  theirplaces  for  all  the  intermediate 
days  may  be  found  by  interpolating  between  the  known  terms, 
which  method  will  give  a  result  much  nearer  the  truth  than  by 
proportional  parts,  because  this  supposes  a  uniformity  both  in 
motion  and  time,  which  is  not  correct. 

Again,  in  computing  the  moon's  place  for  any  particular 
boar,  supposing  its  place  for  every  day  at  noon  to  be  given, 
the  method  of  interpolations  may  be  applied  with  great  'suc- 
cess, the  result  having  scarcely  any  sensible  difi"erence  from 
those  that  arise  from  actual  computation,  and  we  may  thus 
frequently  avoid  one  of  the  most  laborious  of  astronomical 
calculations.  By  this  means  also  the  place  of  a  comet,  at  any 
particular  time,  may  be  ascertained,  from  observations  made 
on  it  prior  to,  and  subsequent  to,  that  precise  period,  as  also 
the  times  of  the  equinoxes  and  solstices,  which  are  determined 
much  more  accurately  by  this  means  than  can  be  done  by  pro- 
portional parts,  for  in  this  we  are  obliged  to  suppose  that  the 
8un*s  declination  increases  and  decreases  proportionally  to  the 
distance  of  this  body  from  the  equinoctial  point;  which  is 
evidently  a  false  hypothesis.  In  fact,  astronomy  has  derived 
more  assistance  from  this  theory  than  any  other  of  the  mathe- 
matical sciences,  although  it  has  been  applied  to  other  pur- 
poses with  very  great  success. 

INTERPOSITION,  the  situation  of  a  body  between  two 
others,  so  as  to  hide  them,  or  prevent  their  action.  The  eclipse 
of  the  sun  is  occasioned  by  an  interposition  of  the  moon  be- 
tween the  sun  and  us ;  and  that  of  the  moon,  by  the  interpo- 
sition of  the'  earth  between  the  sun  and  moon.    See  Eclipsb. 

INTERROGATION,  or  Point  of  Interrogation,  in  Grammar, 
a  character  of  this  form  (?)  serving  to  denote  a  question. 

INTERROGATORIES,  in  Law,  arc  particular  questions 
demanded  of  witnesses  brought  in  to  be  examined  in  a  caase, 
especially  in  a  cpurt  of  Chancery.  And  these  interrogatories 
must  be  exhibited  by  the  parties  in  suit  on  each  side ;  which 
are  either  direct  for  the  party  that  produces  them,  or  counter 
or  cross  interrogatories.    They  are  to  be  pertinent,  and  only 


to  the  points  necessary ;  and  either  drawn  or  perused  by  coao- 
sel,  and  to  be  signed  by  them. 

INTERSECTION,  in  the  Mathematics,  signifies  the  cutting 
of  one  line  or  plane  by  another.  Thus,  we  say,  that  the  matoal 
intersection  of  two  planes  is  a  right  line. 

INTERVAL,  in  Music,  the  distance  between  any  given 
sound  and  another,  strictly  speaking,  is  not  measured  by  any 
common  standard  either  of  extension  or  duration ;  but  either 
by  immediate  sensation,  or  by  computing  the  diflference  between 
the  numbers  of  vibrations  produced  by  two  or  more  sonorous 
bodies,  in  the  act  of  sounding,  during  the  same  given  time.  As 
the  vibrations  are  slower  and  fewer  during  the  same  instant, 
for  example,  the  sound  is  proportionally  lower  or  graver;  on 
the  contrary,  as  during  the  same  period  the  vibrations  increase 
in  number  and  velocity,  the  sounds  are  proportionally  higher 
or  more  acute.  An  interval  in  music,  therefore,  is  properly  the 
difference  between  the  number  of  vibrations  produced  by  one 
sonorous  body  of  a  certain  magnitude  and  texture,  and  ef 
those  produced  by  another  of  a  different  magnitude  and  tex- 
ture, in  the  same  time.  Intervals  are  divided  into  consonant 
and  dissonant.  A  consonant  interval,  is  that  whose  extremes, 
or  whose  highest  and  lowest  sounds,  when  simultaneoasly 
heard,  coalesce  in  the  ear,  and  produce  an  agreeable  sensation, 
called  by  Lord  Kames  a  tertium  quid,  A  dissonant  interval, 
on  the  contrary,  is  that  whose  extremes,  simultaneously  heard, 
far  from  coalescing  in  the  ear,  and  producing  an  agreeable 
sensation,  are  each  of  them  plainly  distinguished  from  the 
other,  produce  a  grating  effect  upon  the  sense,  and  repel  etch 
other  with  an  irreconcileable  hostility.  In  proportion  as  the 
vibrations  of  different  sonorous  bodies,  or  of  the  same  sonoroos 
body  in  different  modes,  more  or  less  frequently  coincide  dar- 
ing the  same  given  time,  the  chords  are  more  or  less  consonaot 
When  these  vibrations  never  coincide  at  all  in  the  same  given 
time,  the  discord  is  consummate,  and  consequently  the  intenral 
absolutely  dissonant.  But  for  a  full  account  of  these,  tte 
Music. 

INTESTATES  :  there  are  two  kinds  of  intestates,  one  tktt 
makes  no  will  at  all ;  and  another  that  makes  a  will,  and  nomi- 
nates executors,  but  they  refuse.  The  ordinary  by  special  acts 
of  parliament  is  required  to  grant  administration  of  the  effects 
of  the  deceased  to  the  widow  or  next  of  kin,  who  shall  first  pay  tiie 
debts  of  the  deceased,  and  then  distribute  the  surplus  amoagthe 
kindred  in  the  proportions  directed  by  22  and  23  Car.  II.  c  10. 

INTESTINA,  in  Natural  History,  the  first  of  the  five  orders 
of  the  class  vermes,  in  the  Linnaean  system.  They  are  of  a  for- 
mation  the  most  simple,  being  naked  animals  withont  limbs. 
Some  live  within  other  animals,  some  in  water,  and  a  few  in  the 
earth. 

INTESTINES,  iNTESTiNiT.,  in  Anatomy,  the  entrails  or 
bowels  ;  those  hollow,  membranous,  cylindrical  parts,  extended 
from  the  right  orifice  of  the  stomach  to  the  anus,  by  which  the 
chyle  is  conveyed  to  the  lacteals,  and  the  excrements  ire 
voided.     See  Anatomy. 

INTONATION,  in  Music,  the  action  of  sounding  the  notes 
in  the  scale  with  the  voice,  or  any  other  given  order  of  mosictl 
tones.  Intonation  may  be  either  true  or  false,  either  too  high 
or  too  low,  either  too  sharp  or  too  flat;  and  then  this  word 
intonation,  attended  with  an  epithet,  must  be  understood  con- 
cerning the  manner  of  performing  the  notes.  The  execolio; 
an  air,  to  form  the  sounds,  and  preserve  the  intervals  as  they 
are  marked  with  justness  and  accuracy,  is  no  inconsiderable 
difficulty,  and  scarcely  practicable,  bat  by  the  assistance  of 
one  common  idea,  to  which,  as  to  their  ultimate  test,  these 
sounds  and  intervals  must  be  referred.  These  common  ideas 
are  those  of  the  key,  and  the  mode  in  which  the  performer  is 
engaged  ;  and  from  the  word  tone,  which  is  sometimes  used  in 
a  sense  almost  identical  with  that  of  the  key,  the  word  into- 
nation may  perhaps  be  derived.  It  may  also  be  deduced  from 
the  word  diatonii,  as  in  that  scale  it  is  most  frequently  con- 
versary ;  a  scale  which  appears  most  convenient  and  most 
natural  to  the  voice.  We  feel  more  difficulty  in  our  intonatioo 
of  such  intervals  as  are  greater  or  less  than  those  «f  the 
diatonic  order ;  because,  in  the  first  case,  the  glottis  and  vocil 
organs  are  modified  by  gradations  too  large,  or  too  complex, 
in  the  sound. 

INTORSION,  in  Botany,  denotes  the  bending  of  anj  of  thf 
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parU  of  a  plant  towards  one  side.  This  admits  of  certain  dis- 
tinciions.  1.  Twining:  stems  which  bend  towards  the  left, 
as  in  hops,  &c.  but  in  convolvulus,  8cc.  to  the  right.  2. 
Twining  tendrils,  which  bend  to  the  right  and  back  again ;  of 
this  kind  are  the  tendrils  of  most  of  the  leguminous  plants.  3. 
Twisted  flowers ;  in  the  periwinkle,  the  petals  bend  to  the  left ; 
the  pointal  in  the  viscous  campion  is  twisted  to  the  left,  as  the 
seed-bud  is  in  the  screw  tree.  In  oats,  the  beard  which  termi- 
nates the  husk  is  twisted  like  a  rope.  In  the  violet,  basil,  &c. 
the  upper  lip  of  the  corolla  looks  to  the  ground,  and  the  under 
lip  upwards. 

INTRADOS,  the  internal  curve  of  the  arch  of  a  bridge. 

INTRENCHMENT,  in  the  Military  art,  any  work  that  for- 
tifies a  post  against  an  enemy  who  attacks.  It  is  generally 
taken  for  a  ditch  or  trench  with  a  parapet.  Intrcnchments  are 
•ometimes  made  of  fascines  with  earth  thrown  over  them,  of 
Kabioni,  hogsheads,  or  bags  filled  with  earth,  to  cover  the  men 
from  the  enemy's  fire. 

INTRIGUE,  an  assemblage  of  events  or  circumstances, 
occurring  in  an  affair,  and  perplexing  the  persons  concerned  in 
it.  In  this  sense,  it  is  used  to  signify  the  nodus  or  plot  of  a 
play  or  romance ;  or  that  point  wherein  the  principal  charac* 
ters  are  most  embarrassed  through  the  artifice  and  opposition 
of  certain  persons,  or  the  unfortunate  falling  out  of  certain 
acoidentf  and  circumstances.  In  tragedy,  comedy,  or  an  epic 
poem,  there  are  always  two  designs.  The  first  and  principal 
IS  that  of  the  hero  of  the  piece :  tlie  second  contains  the  designs 
of  all  those  who  oppose  him.  These  opposite  causes  produce 
opposite  effects',  to  wit,  the  efforts  of  the  hero  for  the  execution 
or  his  design,  and  the  efforts  of  those  who  thwart  it.  As  those 
caases  and  designs  are  the  middle,  and  these  form  a  knot  or 
diftcnlty  which  we  call  the  iMfri^ife,  that  makes  the  greatest 

Kart  of  the  poem.  It  lasts  as  long  as  the  mind  of  the  reader  or 
carer  ii  suspended  about  the  event  of  those  opposite  efforts : 
the  solution  or  catastrophe  commences  when  the  knot  begins  to 
nnrmirel,  and  the  difliculties  and  doubts  begin  to  clear  up.  The 
intrigue  of  the  Iliad  is  twofold :  the  first  comprehen(fs  three 
days*  fighting  in  Achilles*  absence,  and  consists  on  the  one 
side  in  the  resistance  of  Agamemnon  and  the  Greeks,  and  on 
the  other,  in  the  inexorable  temper  of  Achilles.  The  death  of 
Patroclus  unravels  this  intrigue,  and  makes  the  beginning  of  a 
second.  Achilles  resolves  to  be  revenged,  but  Hector  opposes 
his  design;  and  this  forms  the  second  intrigue,  which  is  the 
last  day's  battle.  In  the  /Envid  there  are  also  two  intrigues: 
the  first  is  taken  up  in  the  voyage  and  landing  of  yEueas  in 
Italy ;  the  second  is  his  establishment  there :  the  opposition  he 
met  with  from  Juno  in  both  these  undertakings,  forms  the  in- 
trigue. As  to  the  choice  of  the  intrigue,  and  the  manner  of 
unravelling  it,  it  is  certain  thev  ought  both  to  spring  naturally 
from  the  ground  and  subject  of  the  poem.  Bossu  gives  us 
three  manners  of  forming  the  intrigue  of  a  poem :  the  first  is 
that  already  mentioned  ;  the  second  is  taken  from  the  fable  and 
design  of  the  poet ;  in  the  third,  the  intrigue  is  so  laid,  as  that 
the  solution  follows  from  it  of  course. 

INTRINSIC,  a  term  applied  to  the  real  and  genuine  values 
and  properties,  &e.  of  an>  thing,  in  opposition  to  their  extrinsic 
or  apparent  values. 

INTRODUCTION,  in  general,  signifies  any  thing  which 
tends  to  make  another  in  some  measure  kuo^'n  berore  we  ha%e 
leisure  to  examine  it  thoroughly ;  and  hence  it  is  used  on  a 
great  variety  of  occasions.  Thus  we  speak  of  the  introduction 
of  one  person  to  another;  the  introduction  to  a  book,  &c. — It 
is  also  used  to  signify  the  actual  motion  of  an\  body  out  of  one 
place  into  another,  when  that  motion  has  been  occasioned  by 
some  other  body. 

INTUITION*,  among  Logicians,  the  act  whereby  the  mind 
perceives  the  agreement  or  disagreement  of  two  ideas,  imme- 
diately by  themselves,  without  the  intervention  of  any  other; 
in  which  case  the  mind  perceives  the  truth  as  the  eye  does  the 
light,  only  by  being  directed  towards  it. 

INTUITIVE  Evident t,  is  that  which  results  from  intuition. 
Dr.  Campbell  distinguishes  different  sorts  of  intuitive  evidence ; 
one  resulting  pureljr  fr(»m  intellection,  or  that  faculty  which 
others  have  called  intuition ;  another  kind  arising  f^om  con- 
ffciousness ;  and  a  third  from  that  new-named  faculty  common 
acnse,  which  thi    ingenious  writer,  as  well  as  several  otheriy 


contends  to  be  a  distinct  original  source  of  knowledge,  whilst 
others  refer  its  supposed  office  to  the  intuitive  power  uf  the 
understanding. 

INVALID,  a  person  wounded,  maimed,  or  disabled  for 
action  by  age.  At  Chelsea  and  Greenwich  arc  niagnifieent 
hospitals,  or  rather  colleges,  built  for  the  reception  and  accom- 
modation of  ifira/i</«,  or  soldiers  and  seamen  worn  out  in  the 
service.  We  have  also  twenty  independent  companies  of 
invalids,  dispersed  in  several  forts  and  garrisons.  At  Taris  ia 
a  college  of  the  same  kind,  called  les  Invmhds,  which  is  accounted 
one  of  the  finest  buildings  in  that  city. 

INVECTIVE,  in  Rhetoric,  differs  from  reproof,  as  the  latter 
proceeds  from  a  friend,  and  is  intended  for  the  good  of 
the  person  reproved ;  whereas  invective  is  the  work  of  ao 
enemy,  and  entirely  designed  to  vex  and  give  uneasiness  lo 
the  person  against  whom  it  is  directed. 

INVENTION,  is  used  for  the  finding  of  any  thing  hidden. 
The  Romish  church  celebrates  a  feast  on  the  4th  of  May,  under 
the  title  of  invention  of  the  holy  cross. 

Inve.ntion,  is  also  used  for  subtilly  of  mind,  or  somewhat 
peculiar  to  a  man's  genius,  which  leads  him  to  a  discovery  of 
things  new  ;  in  which  sense  we  say,  a  mmn  of  iMtention, 

Invention,  in  Painting,  is  the  choice  which  the  painter 
makes  of  the  objects  that  are  to  enter  the  composition  of  his 
piece.    iSVe  Paintino. 

Invention,  in  Rhetoric,  signifies  the  finding  out  and  choot* 
ing  of  certain  arguments  which  the  orator  is  to  use  for  the 
proving  or  illustrating  his  point,  moving  the  passions  or  con- 
ciliating the  minds  of  his  hearers.  Invention,  according  to 
Cicero,  is  the  principal  part  of  oratory  ;  he  wrote  four  books 
De  Inveutione,  whereof  we  have  but  two  remaining. 

Invention,  in  Law,  a  catalogue  or  schedule  orderly  made, 
of  all  the  deceased  person's  goods  and  chattels  at  the  time  of 
his  death,  with  their  value  appraised  by  different  persons, 
which  every  executor  or  administrator  is  ubliged  to  exhibit  lo 
the  ordinary  at  such  time  as  he  shall  appoint. 

IN  VENTRE  SA  MERE,  is  where  a  woman  is  with  child  at 
the  time  of  her  husband's  death,  which  child  if  he  had  been 
born  would  be  the  heir  to  the  land  of  the  husband.  A  devise 
to  an  infant  in  r^nlr^  sm  mere,  i^  good  by  way  of  future  executory 
devise.  And  where  a  daughter  comes  into  land  by  descent, 
the  son  born  after  shall  put  her  out.  and  have  the  land. 

INVERSE,  is  applied  to  a  manner  of  working  the  rule  of 
three,  or  proportion,  which  seems  to  go  backward,  or  contrary 
to  the  order  of  the  common  or  direct  rule.    See  Propoktion. 

Invkksk  Proportion^  or  Inverse  iitiio,  in  Philosophy,  is  that 
in  which  more  requires  less,  or  less  requires  more.  Thus  in  the 
case  of  light  and  heat  flowing  from  a  luminous  body,  the  light 
and  heat  are  less  at  a  greater  distance  ;  and  greater  at  a  lets 
distance. 

^  INVERSION,  or,  as  it  is  in  Euclid,  inrerteniio,  or  by  inver* 
sioo,  is  inverting  tlie  terms  of  a  proportion  by  changing  the 
antecedents  into  consequents*  and  the  consequents  into  ante- 
cedentA ;  thus,  if 
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Then  by  Inversion  it  will  ba 
h:m::d:e 
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IwrnsioN,  in  Music,  is  a  changed  position  either  of  a 
subject  or  of  a  chord.  The  inversion  of  a  subject  is  produced 
by  giving  it  a  higher  or  lower  situation  among  the  several  parts 
of  a  score.  The  inversion  of  a  chord  is  that  changed  position 
of  its  component  parts  with  respect  to  its  fundamental  bass,  by 
which,  though  the  harmony  remains  the  same,  the  intervals  are 
varied. 

Inversion,  in  Grammar,  is  where  the  words  of  a  phrase 
are  ranged  in  a  manner  not  so  natural  as  they  might  be.  It 
is  a  considerable  beauty  either  in  \tt%e  or  prose  when  we  have 
it  from  an  able  hand ;  it  gives  vigour  and  variety  to  asentenoe. 
and  keeps  the  mind  in  agreeable  suspense  and  expectation  of 
a  marvellous  turn  and  conclusion. 

INVERTED,  in  Music,  is  derived  from  the  Latin  preposition 
tn  and  vtrtere,  *'  to  turn  any  thing  a  contrary  way."  It  signi- 
fies a  change  in  the  order  of  the  notes  which  form  a  chord,  or 
in  the  parts  which  compose  harmony,  which  happens  by  sub- 
stituting in  the  bass,  tboie  toandt  which  ought  to  have  been 
6R 
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Id  the  appcr  part ;  an  operation  not  onl;  rendered  practicable, 
but  greatly  facilitated  by  the  resemblaaco  which  one  tiote  has 
to  another  in  dilTerenl  octaves,  whence  we  deriie  the  power  of 
exchanging  one  ocirtc  for  another  with  so  much  propriety  and 
•acccAS,  or  hy  aubitilutinK  \o  the  extremes  those  which  ought 
to  have  occa|)ied  tlie  middle  station,  and  vice  eeria.   •See  Ml'sic. 

INVESTIGATION,  properly  denotes  Uie  searching  or  find- 
log  any  thing  out  by  the  tracks  or  prints  of  the  feet;  whence 
mathenialicians.  schoolmen,  and  graniniarians,  came  to  use  the 
term  in  their  respective  researches. 

INVESTING  A  FLACE,  is  when  a  general,  having  an  inten- 
tioD  to  besiege  it,  detaches  a  body  of  horse  to  possess  ait  the 
Kvenves,  blocking  ap  the  garrison,  and  preventing  relief  from 
fetling  into  the  place,  till  the  army  and  artillery  are  got  up  to 
form  the  nicge.    ■ 

INVESTITURE,  in  Law,a  giving  livery  of  seisin  or  posses- 
■ion.  There  was  anciently  a  great  variety  of  ceremonies  used 
apon  investitures,  as  at  firitt  they  were  made  by  a  certain  form 
of  words,  and  afterwards  by  such  things  as  had  ihc  greatest 
resemblance  to  ihe  tbing  to  be  transferred  i  Ihus,  where  lands 
vere  intended  to  pass,  a  Inrf  was  delivered  by  the  granter  to 
thegranlec.  In  the  church,  ii  was  customary  for  priests  to 
make  invcalilure  of  ecclesiastical  benetices,  by  delivering  to  Ihe 
person  they  had  chosen  a  pastoral  stalf  and  a  ring. 

INVISIBLE  COMBUSTION.  This  phenomenon  was  ob- 
■ervod  by  Sir  Humphrey  Usvy.  When  oxygen  and  hydrogen 
gases  were  made  to  unite  together  and  jnilame.  water  was  the 
result  of  Iheir  combustion ;  hut  Sir  H.  observed  that  when  these 
gases  were  made  to  pass  through  tubes  of  iron  'which  were 
beatcd  below  redness,  although  no  visible  combustion  appeared 
to  the  eye,  nevertheless  tlie  two  gases  united,  and  water  was 
the  result.  The  same  effect  resulted  from  Ihe  application  of  a 
low  heat  in  a  variety  of  ways.  In  applying  this  principle  to 
the  improvement  of  the  safety  tamp.  Sir  il.  Davy  siispemtcd 
■omc  coils  of  fine  platinum  wire  above  the  wick  of  the  safety 
lamp  in  the  wire  gauze  cylinder.  If  the  lamp  should  be  ex- 
tinguished by  Ihe  quantity  of  fire  damp,  the  glow  of  the  plali- 
nam  will  eonlinoe  to  guide  the  miner ;  and  hy  placing  ihe  lamp 
in  dilTerent  parts  of  the  gallery,  the  relative  brightness  of  the 
wire  shews  the  state  of  the  atmosphere  in  those  parts.  Wher- 
ever the  wire  continues  ignited,  there  is  siill  sufiicieni  oxygen 
to  support  respiration;  for  the  ignition  ceases  when  the  fool  air 
forms  about  Iwo-liflhs  of  the  volume  of  the  atmosphere.  It  is 
an  advantage,  that  the  platinum  wire  is  of  a  very  moderate 
price,  and  that  it  is  iropcrishahto  in  its  duration.  If  the  foul 
air  be  in  such  quantity  as  to  stop  the  ignition,  whenever  the 
lamp  is  taken  into  a  purer  almosphere.il  again  commence.i ; 
and  if  Ihe  air  become  sufficiently  pure,  it  will  ignite  so  as  again 
to  light  the  wick  of  the  lamp,  which  the-  fire  damp  bad  cxtin- 

INVOICE.  an  account,  in  writing,  of  the  particulars  in  mer- 
chandise, with  iheir  value,  custom,  charges,  he.  transmitted 
by  one  uierchant  to  another  in  a  distant  country.  One  copy 
of  every  invoice  is  to  be  inserted  in  Ihe  invoice  book,  and  an- 
other must  be  despatched  to  the  correspondent.  A  letter  of  ad- 
vice is  generally  subjoined. 

Invoick  Book,  this  book  is  paged,  and  contains  copies  of  the 
invoices  of  goods  sent  to  sea. 

INVOLUTE  CUHVE.  in  thd  Higher  Geometry,  is  that 
which  is  traced  out  liy  the  extremity  of  a  thread,  as  it  is  folded 
or  wrapped  about  another  (i):urc  or  curve.     See  Evolitte. 

INVOLUTION,  in  Algebra  and  Arithmetic,  is  the  raising  a 
given  number  or  quantity  to  any  proposed  power.  In  arith- 
metical and  in  simple  algebraical  quantities,  this  consists  only 
in  multiplying  the  quantity  as  many  times  by  ilsclf  as  is  neces- 
sary to  produce  the  given  power;  the  number  of  operations 
being  one  less  than  the  index  of  the  power  to  be  produced ; 

thus,        a  X  a  =  a' 2d  power, 

axaxa  =a'..........3d  power, 

ox  a  X   ax  a  ^  o' 41h  power,  tec, 

Soalso,2x3  =    4 2dpowerof2, 

2x2x2  =     8 adpowerofa, 

2x2x2x2=   10 4lhpower  of2,  &c. 

And  in  the  same  way  we  majr  proceed  with  compound  alge- 
braical quantities  i  but  for  binomial  ones,  it  is  best  to  make 


Whence   (a  +  bV  =  t 

(a  +  i,'  =  a 
(a  ■+by=o 


+  2a6  +  b 

+  3u>b+  Sab'  -J-  t» 

+  4a= 


•b'  +  4of  +  t 
Dec.  &C.  See  BlNOMIlt. 

IODIC  Acid,  may  be  ohtaincd  in  the  followiog  way  :— Lei 
barytes  water  act  upon  iodine,  and  an  insoluble  iodate  of  barylci 
will  result.  Wash  it  and  pnur  upon  it  sulphnric  kcid  equal  to 
the  harytes  present,  and  heat  the  mixture.  The  iodic  acid 
will  quickly  abandon  its  base,  and  mix  with  the  water ;  but  ■ 
Utile  of  the  sulphuric  acid  will  also  be  mixed  with  it  Add 
barytes  water,  and  the  two  acids  precipitate  logetber,  Tke 
density  of  iodic  acid  is  greater  than  that  of  sulphuric  acid. 
Expose  it  to  a  heat  of  from  GDO  to  700  deg.  and  it  is  nielkd 
and  decomposed  into  oxygen  and  iodine.  It  deliquesce!  into 
air,  and  is  very  soluble  in  water.  It  destroys  vegetable  colonn. 
It  forms  combinations  with  all  Ifae  fluid  and  solid  acids  whicb 
it  does  not  decompose. 

IODINE,  was  discovered  in  Paris,  by  M.  de  Courtois,a 
saltpetre  mannfacturer,  who  observed  a  rapid  corrosion  of  bis 
melal  pots  in  preparing  different  sorts  of  sen-weeda  which  be 
used  in  making  carbonate  of  soda.  Itii  from  sea-weeds  alone 
Ihatllus  product  of  nature  is  to  bcobtained.  It  has  not  yet 
been  decomposed.  Iodine  is  of  a  grayish  black  colour  and 
metallic  lustre.  It  is  soft  and  friable  to  Ihe  touch.  Its  tisteii 
very  acrid.  It  is  a  deadly  poison-  It  gives  r  brown  stiin  to 
Ihe  skin,  which  soon  vanishes  by  evepotatioD.  The  sp.  gr.  of 
iodine  at  G2i  deg-  is  4.948.  It  dissolves  in  7000  parts  of  wiUr. 
and  the  solution  is  of  an  orange-yellow  colour.  lodiDeisincodi- 
bustiblc.  but  with  azote  it  forma  a  delonalinr  eompoDod ;  aod 
in  combining  with  several  bodies  it  produces  ue  phenomenoaof 
combustion.  The  oxide  of  sodioro,  and  the  tubcarbonale  of 
soda,  are  completely  decomposed  by  iodine. —  Iodine  farau 
with  sidphur  a  compound  of  a  grayish  black  colour,  radis ted 
likcsulpUurel  of  antimony.  Iodine  and  phosphorus  combiue 
with  great  rapidity  at  common  Icrapcratures,  and  produce  heal 
wiihout  light.  Oxygen  expels  iodine  from  both  awlpkar  aad 
phosphoruH.  Hydrogen,  whether  dry  or  moist,  doea  not  see* 
10  have  any  action  on  iodine  at  the  ordinary  temperatore  ;  hat 
if  we  expo.He  a  mixture  of  hydrogen  and  iodine  to  a  red  beat  ia 
a  tube,  tbey  unite  together,  and  hydriodio  acid  la  produeed, 
which  gives  a  reddish  brown  colour  to  water.  Charcoal  has  aa 
action  upon  iodine.  Several  of  Ihc  metals,  as  zinc,  iron,  iia< 
mercury,  attack  it  readily,  even  at  a  low  tcmpcratarc.  providt4 
they  be  in  a  divided  state;  they  produce  but  little  heal,  and  bat 
rarely  any  light.  Iron  is  acted  on  by  iodioe  id  the  same  way 
as  zinc,  and  a  brown  iodine  results.  Antimony  presents,  with 
iodine,  the  same  phenomena  as  tin;  the  iodines  of  lead, copper. 
bismuth,  silver,  and  mercury,  ato  insoluble  in  WKier.  Tbisis 
at  icast  the  case  with  the  above  menlioned  tnctaU,  There  an 
two  iodines  of  mercury  ;  the  one  yellow,  the  other  red  ;  boib 
are  fu.^ible  and  volatile.  When  iodine  and  oxide*  act  npM 
each  other  inconlsct  willi  water. its  hydrogen  anites  with  iodine 
to  form  hydriodic  acid;  while  its  oxygen  on  the  other  hand 
produces  with  iodine,  iodic  acid.  Iodine  of  mer<:arj  has  beta 
proposed  for  a  pigment.  Iodine  has  been  siicceasrully  givta 
internally  for  the  purpose  of  reducing  tbe  goitre,  or  swellia; 
of  the  neck, 

IONIC  OnoEH.    See  AacuiTECTuae. 

loMC  Dialed,  in  Grammar,  a  manner  of  speaking  peonlisi 
to  Ihe  people  of  Ionia. 

IRIDIUM.  Mr.  Tennanl,  on  examtniag  the  black  powdn 
left  after  dissolving  platina,  which,  from  its  nppearancc,  bad 
been  supposed  to  consist  chiefly  of  plumbago,  found  it  contsli- 
ed  two  distinct  metals,  never  before  notioed,  which  be  has 
named  iridium,  and  osmium.  The  former  of  these  was  observ- 
ed soon  after  by  DescoaUts,  and  fay  Vanquelio.  Lead  uoiles 
with  it  easily,  but  is  separated  by  cupellation.  leaving  llie  iridi- 
um on  Ihe  cupel  as  a  coarse  black  powder.  Copper  forms  with 
il  a  very  malleable  alloy,  which  al^er  cupellaliun,  with  the  addi- 
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ISATIS  TiNCTORiA,  the  plant  called  woad,  used  in  dyeing. 

ISINGLASS.  This  substance  is  almost  wholly  gelatine; 
100  grains  of  good  dry  isinglass  containing  rather  more  than 
98  of  matter  soluble  in  water.  Isinglass  is  made  from  certain 
fish  found  in  the  Danube,  and  the  rivers  of  Muscovy.  Wii- 
Joughby  and  others  inform  us  that  it  is  made  of  the  sound  of 
the  Beluga  ;  and  Neumann,  that  it  is  made  of  the  Huso  Gcrnia- 
Dorum,  and  other  fish,  which  he  has  frequently  seen  sold  in  the 
public  markets  of  Vienna.  Mr.  Jackson  remarks,  that  the 
sounds  of  cod,  properly  prepared,  afford  this  substance  ;  and 
that  the  lakes  of  America  abound  with  fish  from  which  the  very 
finest  sort  may  be  obtained.  Isinglass  receives  its  different 
shapes  in  the  following  manner.  The  parts  of  which  it  is  com- 
posed, particularly  the  sounds,are  taken  from  the  fish  while  sweet 
and  fresh,  slit  open,  washed  from  their  slimy  sordcs,  divested 
of  a  very  thin  membrane  which  envelopes  the  sound,  and  then 
exposed  to  stifl'en  a  little  in  the  air.  In  this  state,  they  are 
formed  into  rolls  about  the  thickness  of  a  finger,  and  in  length 
according  to  the  intended  size  of  the  staple  ;  a  thin  membrane 
is  generally  selected  for  the  centre  of  the  roll,  round  which  the 
rest  are  folded  alternately,  and  about  half  an  inch  of  each  ex- 
tremity of  the  roll  is  turned  inwards.  Isinglass  is  best  made 
in  the  summer,  as  frost  gives  it  a  disagreeable  colour,  deprives 
it  of  its  weight,  and  impairs  its  gelatinous  principles.  Isinglass 
boiled  in  milk  forms  a  mild  nutritious  jelly,  and  is  thus  some- 
times employed  medicinally.  This,  when  flavoured  by  the  art 
of  the  cook,  is  the  blancmange  of  our  tables.  A  solution  of 
isinglass  in  water,  with  a  very  small  proportion  of  some  balsam, 
spread  on  black  silk,  is  the  court  plaster  of  the  shops. 

ISIS,  Coral,  in  Natural  History,  a  genus  of  the  vermes  zoo- 
phyta  class  and  order.     See  Corallinbs. 

ISLAND,  or  Isle,  is  a  quantity  of  land  entirely  surrounded 
with  water.  Some  conclude  that  islands  are  as  ancient  as  the 
world,  and  it  is  by  no  means  probable  that  the  large  islands 
far  interior  from  the  continent  are  new,  and  that  they  either 
arose  out  of  the  sea,  or  were  torn  from  the  main  land.  Nor  is 
it  less  certain  that  there  have  been  new  islands  formed  by  the 
casting  up  of  vast  heaps  of  day,  mud,  sand,  &c.  as  that,  for 
instance,  of  Tsongming  in  the  province  of  Nanquin  in  China ; 
or  by  the  violence  of  the  sea,  which  has  torn  off  largo  promon- 
tories from  the  continent,  as  the  ancients  imagined  Sicily,  and 
even  Great  Britain,  to  have  formed.  It  is  also  certain  that 
some  have  emerged  above  the  waves,  as  Santorini  formerly, 
and  three  other  isles  near  it  lately ;  the  last  in  1707,  which 
roso  from  the  bottom  of  the  sea,  after  an  earthquake  that  was 
supposed  to  have  loosened  it  from  its  hold.  Several  naturalists 
are  of  opinion  that  islands  were  formed  at  the  deluge  :  others 
think  they  have  been  rent  and  separated  from  the  continent  by 
violent  storms,  inundations,  and  earthquakes.  These  last  have 
observed  that  the  East  Indies,  which  abound  in  islands  more 
than  any  other  part  of  the  world,  are  likewise  more  annoyed 
with  earthquakes,  tempests,  lightnings,  volcanoes,  &c.  than 
any  other  part  Varonius  thinks  most  of  their  opinions  true  in 
some  instances,  and  believes  that  there  have  been  islands  pro- 
duced each  of  these  ways.  St.  Helena,  Ascension,  and  other 
steep  rocky  islands,  he  supposes  to  have  become  so,  by  the 
seas  overflowing  their  neighbouring  champaigns.  By  the  heap- 
ing up  huge  quantities  of  sand  and  other  terrestrial  matters,  he 
thinks  the  islands  of  Zealand,  Japan,  &c.  were  formed.  Sumatra 
and  Ceylon,  and  most  of  the  East  Indian  islands,  he  rather 
thinks  were  rent  off  from  the  main  land  ;  and  concludes,  that 
the  islands  of  the  Archipelago  were  formed  in  the  same  way  ; 
imagining  it  probable  that  Deucalion's  flood  might  have  con- 
tributed towards  it.  The  ancients  bad  a  notion  that  Delos  and 
some  other  islands  rose  from  the  bottom  of  tlie  sea,  which,  how 
fabulous  soever  it  might  appear,  agrees  very  well  with  some 
«ater  observations.  Seneca  takes  notice  that  the  island  Thu- 
asia  rose  out  of  the  i£gean  sea  in  bis  time,  of  wliich  the  mariners 
were  eyewitnesses.  Seneca  mentions  several  floating  islands 
in  Italy ;  and  later  writers  have  described  not  a  few  of  them 
in  other  places ;  but  how  true  soever  the  histories  of  these 
might  have  been  at  the  time  they  were  written,  thore  remain 
very  few  proofs  of  their  truth  at  present,  these  islands  having 
either  disappeared  again,  or  been  fixed  to  the  sides,  in  some 
places,  so  as  to  have  made  a  part  of  the  she 

Island  of  Ice,  a  name  given  to  a  great  quantity  of  ice  ool- 


lected  into  one  solid  mass,  and  floating  upon  the  seas,  near,  or 
within  the  polar  circles.  Many  of  tliese  fluctuating  islandu  arc 
met  with  on  the  coasts  of  Spitsbergen,  to  the  great  danger  uf 
the  shipping  employed  in  the  Greenland  fishery. 

Island  or  Iceland  Crystal,  a  body  famous  for  its  property  of 
a  double  refraction;  but  improperly  called  by  that  name,  as  it 
has  none  of  the  distinguishing  characters  of  crystal,  being  of  i 
genus  of  spars.  It  is  always  found  in  forms  of  an  oblique 
parallelepiped,  with  six  sides,  and  of  various  sizes,  from  a  quar- 
ter of  an  inch  to  three  inches  or  more  in  diameter.  It  is  pellu- 
cid, and  not  much  less  bright  than  the  purest  crystal,  and  its 
planes  are  all  tolerably  smooth.  All  the  surfaces  are  placed  in 
the  same  manner,  and  it  will  split  off  into  thin  plates,  either 
horizontally  or  perpendicularly.  See  Optics  and  Kefbac- 
TioN.  It  is  very  soft,  and  easily  scratched  with  the  point  oft 
pin:  it  will  not  give  fire  on  being  struck  against  steel;  fer- 
ments, and  is  perfectly  dissolved  in  aquafortis.  It  Is  found  in 
Iceland,  from  whence  it  has  its  name,  and  in  France,  GermaDv, 
and  many  other  places. 
ISOSCELES  TaiANGLB,  (a  word  of  Greek  derivation,)  i<  i 

triangle  of  two  equal  legs  or  sides: 

such   is    the    triangle    ABC.      Tlic 

angles   at   the   base   of  an    isnsctles 

triangle  are  equal,  and  if  the  sides  be 

produced,  the  angles  under  the  base 

are  also  equal.     If  the    line  BD  k 

drawn   perpendicular   to  the  base,  it 

will  bisect  the  base  and  the  vertical 

angle  ;  or  if  it  be  dniwn  to  bisect  the 

base.  It  will  be  perpendicalar  to  it. 

This  theory  is  of  very  extensive  use,  not  only  in  pure  analyiii 

and  geometry,  but  in  various  other  subjects  of  inathematfr«! 

inquiry  and  computation,  and  particalarly  in  astronomy. 

ISOCH  RON AL,  IsocH  ronb,  Isoch  ronus,  is  applied  to  *ui\. 
vibrations  of  a  pendulum  as  are  performed  in  the  same  spare  nt 
time. 

Isochronal  Lme,  that  in  which  a  heavy  body  is  supposed  to 
descend  without  any  acceleration* 

ISSUE,  in  Common  Law,  has  various  applications,  bein; 
sometimes  taken  for  the  children  begotten  between  a  man  sod 
his  wife ;  sometimes  for  profits  growing  from  amercements  or 
fines ;  sometimes  for  profits  of  lands  and  tenements ;  bat  more 
frequently  for  the  point  of  matter  depending  in  sait,  whereopoo 
Uie  parties  join,  and  put  their  cause  to  the  trial  of  the  jory.  Id 
all  the  occasions,  issue  has  but  one  signilicaticm,  which  is.  an 
effect  of  a  cause  preceding :  as  the  children  an)  the  elfeet  of  the 
marriage  between  the  parents ;  the  profits- growing  to  the  kio^ 
or  lord,  from  the  punishment  of  any  man's  offenee,  are  thi- 
effect  of  his  transgression ;  the  point  referred  to  the  trial  r.f 
twelve  men,  is  the  effect  of  pleading,  or  process.  SetPLH 
and  IssuB. 

ISSUES,  in  Surgery,  are  little  ulcers  made  designedly  bv 
the  surgeon,  in  various  parts  of  the  body,  and  kept  open  bytlie 
patient,  for  the  preservation  or  recovery  of  his  health. 

ISTHMUS,  a  narrow  neck,  or  slip  of  ground,  which  joins 
two  continents,  or  joins  a  peninsula  to  the  terra  firma,  nnd 
separates  two  seas.  See  Peninsula.  The  most  celebrated 
isthmuses  are  those  of  Panama  or  Darien,  which  joins  North 
and  South  America ;  that  of  Suez,  whirh  connects  Asia  sod 
Africa;  that  of  Corinth,  or  Peloponnesus,  In  the  Morea:  that 
of  Crim  Tartary,  otherwise  called  Tauriea  Chersonesus;  that 
of  the  Peninsula  Romania  and  Erisso,  or  the  isthmus  of  the 
Thracian  Chcrsonesus,  twelve  furlongs  broad,  being  that  whK-b 
Xerxes  undertook  to  cut  through.  The  ancients  had  sf  ver:^! 
designs  of  cutting  the  isthmus  of  Corii/th,  which  is  a  riMir 
hillock,  about  ten  miles  over;  but  they  were  all  invain. tlir 
invention  of  sluices  being  not  then  known.  There  have  bef » 
attempts  ton  for  cutting  the  isthmus  of  Sues,  to  make  a  crn- 
niuuication  between  the  Red  Sea  and  the  Mediterranean,  bi*; 
these  also  failed ;  and,  in  one  of  them,  a  kin^  of  Egypt  is  saiu 
to  have  lost  120,000  men. 

ITCII,  a  cutaneous  disease,  supposed  to  be  caused  hr  so 
insect,  a  species  of  the  genus  acarus,  or  spider  of  the  hointn 
flesh,  which,  when  viewed  by  a  good  microscope,  is  white,  liitb 
reddish  legs,  the  four  hind  ones  having  a  long  bristle.  It  is 
found  in  the  small  pellucid  \csicles  in  the  hands  and  joiDtt. 


I  V  o 


DICTIONARY   OP   HBOHANtCAL  8CIBN0B. 


Il  appeuj  to  be  not  ooly  ibe  cauae  of  the  disorder,  bnl  Ibe 
maon  why  il  it  to  iii|;lii}'  iDrcclioui. 

IVORY,  in  Natural  Hiitorj,  bo,  a  bard,  aoUd,  and  firm  tnb- 
ataocft,  of  a  while  colour,  and  capable  of  a  Tory  %fn>d  poiiab. 
It  il  the  tuik  or  the  elephant ;  and  is  hollow  from  Ibe  base  lo 
ft'ccrlaio  heigbt,  Ibo  cavitjr  baing  filled  up  with  a  compact 
Rwdnllarjr  aubitance,  aeeminR  lo  bave  a  jcreat  number  ol  glaada 
la  It.  It  il  obaenred  thai  Ihe  Cty\oa  ivory,  aud  that  of  ibe 
iaiand  of  Aohecn,  do  not  become  yellow  jo  llie  weariog.  ai  all 
other  ivory  doei ;  Tor  thia  rfason  the  leelb  tif  thoie  placea  bear 
a  laifer  prioe  tban  those  of  the  coatl  of  Guiaea.  Aa  ao  artiole 
of  doineilio  uie,  the  ibatiagB  of  itory,  which  may  be  procured 
ofaay  Uory  lurner,  when  boiled  in  water,  form  a  itrang  and 
csccllent  jelly,  eqnal  in  every  rcapcot  to  harUhoro  jelly  ;  and, 
Mt  limea,  of  f  real  arrviec  to  the  aiok,  parlicolarly  aa  the  reslor- 
•tive  virtnea  of  i*ory  jelly  are  very  great,  and  iti  flavour  tip^t- 


able.  Should  tbe  aendiDK  to  a  turner  be  ineonveDlent  or  In- 
praciicablo,  any  piece  of  ivory  that  may  be  at  hand  will  aaiwer 
the  purpoie  by  acrapiDg  it  with  a  knife.  In  (he  manuractare  o( 
ivory  and  booe  ornaroenia,  and  arliclea  of  domeitio  Die,  bolk 
tbe«o  lobKtancea  are  Roftmed  by  anboiilting  (hem  (otbe  action 
of  aquafortii  for  twelve  bonri,  and  lubieqoently  to  tbe  juice  of 
berrie*,  we  Rbontd  aay  that  of  »hi(e  ourraol*,  if  the  colour  Ja  lo 
be  preaerved.  This  operation  aofleni  both  ivory  and  booe  to 
lo  pliant  a  degree,  lh«I  they  take  any  ihape  you  may  bo  dia- 
poaed  lo  give  ihcm  in  a  die.  They  are  again  bardsoed  by 
placing  the  articles  in  strong  vinegar  for  foor  or  five  honra, 
Wiien  itor^  ii  diicoloured.  It  may  tie  bleached  or  whitened  by 
immeriing  it  an  hoar  io  a  solution  of  alum  boiled  in  fair  water. 
Then  rub  the  ivory  with  a  cloth,  to  prevent  it  drying  loo 
quickly,  which  aomeiimes  makes  It  crack,  and  Ihns  spoils  k 
curious  or  talaable  article. 


J. 
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■J  )  is  the  jod  consonant,  which  beoaose  of  its  different  pro- 
nanciation,  has  likewise  a  dilferent  form,  Ihas  J,j,  In  Eog- 
liah  it  haa  the  soft  sound  of  g,  nor  is  it  used  hot  when  g  aoft  is 
required  before  vowels,  where  g  is  usually  hard  ;  thus  we  say 
fMlujtt,jeiH,  be.  instead  of^srA.  grt,  goiH,  &c.  which  would  be 
contrary  to  the  genius  of  (be  English  language, 

JABAROSA,  in  Botany,  a  name  taken  from  Die  Arabic 
appellation  of  the  mandrake  Jmboretm,  and  given  lo  a  particular 
plant  which  agrees  with  it  in  habit,  and  almost  io  genus. 

JACK,  asort  orflag.orcoloun,  displayed  from  a  staff  erected 
on  the  ontar  end  of  a  ship's  liowsprit.  in  the  British  navy,  (he 
jack  ia  a  small  onion  flag,  bnl  in  mcrcbaol  ahips  the  onion  is 
bordered  wilk  red, 

Jjica  t«  ikt  Bex,  a  large  wooden  main  screw,  tomiog  in  a 
female  one,  which  forms  the  upper  part  of  a  strong  wooden 
box,  shaped  like  tlie  frusiom  of  a  pyramid.  It  is  used  by  means 
of  levers  passing  through  boles  in  it,  as  a  press  in  packing,  and 
for  other  purposes. 

JjiGK,  in  Hechaoics,  a  well-known  instrument  of  common  use 
for  raising  great  weights,  being  a  powerful  oombinatioo  of  (eeih 
and  pinioiu,  and  the  whole  enclosed  io  a  alrong  wooden  slock 
or  frame  BC,  and  moved  by  a  winch  or  handle  H  P;  the  out- 
side appearing  as  in  lig.  1.  In  tig.  2.  the  wheel  or  rack  work  ia 
ahewn,    being     the  p.     .  „. 

view    of  the  inside  *'^-  '"  ^'S-  «■ 

when  tbe  itook    ia  .^f-   1  a'^Ss 

removed.      Though  i  — '  —   ■ 

it  is  not  drawn  in  the 
just  proportions  and 
dimenaiona,  for  the 
rack  A  B  uaal  be 
anppoted  at  least 
four  timea  as  long  in 
proportion  to  tbe 
wheel  q,  aa  Ibe  Q- 
gnra  rcpreaanla  il; 
nnd  the  teeth,  which 
will  be  then  four 
tiosea  more  In  num- 
ber, lo  have  about 
:i  in  the  inch.  Now 
ir  the  handle  HP  bo 
7  inches  long,  tbe 
eireoaifeience  of  Ibis 
radios  will  b«  44 
Inebea,  which  la  the 
distance  or  space 
Um    power    movea 


through  in  one  rerolntion  of  Ibo  handle ;  but  ai  tbe  pinion  of 
the  handle  haa  bal  foar  leavee,  and  the  wheel  Q  suppose  30 
teeth,  or  five  times  the  number,  therefore,  to  make  one  revolu- 
tion of  Ihe  wheel  Q,  it  requires  6  turns  uf  tbe  handle,  when  it 
passes  through  &  x  44  or  330  inches;  bat  the  wheel  having  a 
pinion  R,  of  3  leaves,  these  raise  the  rack  3  teeth  or  1  inch  in 
the  same  apace.  Consequently  Ihe  handle  moving  32U  timea 
faster  than  the  weight,  ruaea  S30  limes  ila  own  energy.  A  man 
therefore  who  exerts  a  foroe  of  OOlb,  wilt  by  Ibis  jack  raise  fi 
tons,  or  220  X  OOlb  =11000  lb  weight.  Tboimproved  jack  ba« 
a  pall  or  dock  and  ralcbet,  which  prevents  tka  maobine  from 
running  back,  ifby  any  accident  the  weight  should  overbalanea 
Ihe  power  exerted.  Jacka  ara  aometlmes  open  behind  froai 
the  bottom  almost  up  to  tbe  wheel  Q,  to  allow  the  lower  otaw, 
which  in  thai  caae  is  turned  up  at  B,  to  draw  up  the  weigbL 
This  ia  Iben  kept  from  going  back  by  hanging  tbe  end  of  Ihe 
books,  tlxed  to  a  staple,  over  Ihe  cnrved  pail  of  tbe  handle 

BtB. 

Jack  is  also  tbe  name  of  a  well-ktwwn  engine  ia  the  kitcben, 

uaediortorningaspil.     Here  the  weight  is  tbe  power  applied, 

!ling  by  a  aet  of  pulleys ;  the  friction  of  tbe  parta,  and  tba 

bich  the 

aly.  ' 

The  oonmon  wom-jaok  is  repraaeoled  ai  fallows :— A  B  C  ta 
Um  barrel  ronad  wkich  Ihe  «ani  Q  A  is  woond.  KLtbewda 


wheel,  commonly  eontalnlng  00  leetb.    N  lbs  worgi  wheel  At 
aboat  30  leetfa,  ent  oMiqaely.    I  ii  tbe  pinioD,  of  aboat  16.    U 
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Ike  worm  orendleM  nrmr,  Donaisllnr  of  two  spiral  llirends, 
making;  an  angle  of  SO  or  70  degress  wfth  f ta  axis.  X  the  stud, 
and  2  the  loop  of  th«  worm  spindte.  P  a  heavy  wheel,  or  fly, 
ooDDocled  with  the  spiadie  of  the  eadless  screw,  to  make  tbe 
molEon  onirorm.  D  G  the  strncb  wheel  Exed  to  Uie  axis  F  D. 
S,  S,  S,  are  holes  ia  the  frame,  by  which  it  may  be  nailed  to  a 
board,  and  thence  to  any  wall,  the  cod  D  being  permitted  to 
pais  Uiroufh It.  HI  the  handle  goin^  opoo  the  axis  ET,  to 
wind  up  tbe  »eighl  when  it  has  ran  down.  R  is  a  box  of  fixed 
palleys,  and  V  a  correspond tni^  oae  ofmOTcable  pulleys  cari^. 
Id^  tbo  weight.  The  axis  ETis  fixed  in  the  barrel  AC,  which 
axis  being  hollow,  both  it  and  the  barrel  turn  round  npon  the 
axil  P  D,  which  is  Bscd  to  the  wheel  K  L,  when  it  turns  in  the 
order  BTA;  but  cannot  tarn  the  contrary  way,  by  reason  of  a 
oatch  nailed  to  the  end  A  B,  which  lays  hold  of  the  cross-bars 
ia  the  wheel  L  K. 

Tlio  weight,  by  means  of  a  cord  QR,  in  conseqnenoa  of  its 
descent,  carries  about  Ibe  barrel  A  B,  which  by  llie  action  of 
the  catch  carries  the  wheel  K  L,  and  this  mores  the  pinion  L  M 
and  wheel  N,  the  latter  moving  the  worm  O,  and  the  lly  P. 
Also  the  wheel  L  M  carries  tbe  axis  F  D  with  the  wheel  D  G, 
which  carries  the  cord  or  chain  that  goes  about  the  wheel  or 
pulley  at  the  head  of  the  spit.  But  when  the  handle  H  gives 
notion  to  the  axis  ia  a  contrary  direction  to  that  given  by  the 
weight,  the  oatohU  depressed;  so  tbnt  although  the  barrel  BC 
moves  and  winds  the  cord  upon  it,  the  wheel  D  O  continues  at 
nit.  The  time  which  Iho  Jack  will  continue  in  motion  de- 
pends upon  the  number  of  pulleys  at  R  and  V  ;  and  as  these 
increase  or  deorease,  so  must  the  weight  which  commaDiCHtcs 
the  motion,  in  order  to  perform  the  same  work  in  tbe  same  time. 

Smobt  Jack,  la  an  engine  used  for  the  same  parpose  as  Ihe 

common  jack  ;  alHl  is  ,^„___ 

so    called    fWtm    Its  [|||,|'''i'i!ii[Ii"",i''l"''l'  'J  r    ■    ']  ■     "H 

beirfK      moved      by '^''''^ '''"""''"■" '*- -''        -^ -.-^-.i..    ■-! 

means  of  the  smoke 

or   rarefied   air.   as- MIPIMM 

cendinir  'be  chimney, 

and  striking  agninKi 

the  sails  of  the  bori. 

Eonlnl    wheel    A  B, 

which  being  inclined 

lo    Ihe    horiwin,    ii 

moved  abonttbe  axis 

of  the  wheel  together 

with    the   pinion  C, 

which     carries      the 

wheels  Wand  B;  and  ■'^n 


The  wheel  A  B  should 
be  placed  in  the  nar- 
row part  oflhc  chim- 
ney, where  the  mo-  Fi 
tion  of  the  suioke  is  "^ 
•wiftesi,  and  where 
the  largest  volume  of 
it  mast  evotvc  about  the  sdls.  Smoke  Jncki  are  sometimes 
moved  by  spiral  flyers,  coiling  about  a  vcrtiaal  wheel,  and  at 
other  times  by  a  vertieal  wlieel  with  sail*,  like  the  lloal  hoards 
of  a  mill. 

JACTITATION  of  M«BXiAaB,  in  Law.  is  when  one  of  the 
parly  boasts,  or  gives  ont,  that  he  or  she  is  married  to  the 
other,  whereby  a  common  reputaiion  of  their  matriraony  may 
ensue.  On  this  ground  the  pnrty  injured  may  libel  the  other 
ia  the  spiritoal  courl ;  and  DUleas  the  dcfiendant  undertake  and 
make  oot  B  proof  of  tha  actual  marriage,  he  or  she  Is  enjoiDcd 
perpFlatd  silence  on  that  head. 

JALAP,  a  root  wbioh  is  used  in  medicine  as  a  pnrftative. 

According  to  Dr.  Renryt  three  kinds  of  jalap  yielded  as  follow* : 

Jalap  l^er.     Jalap  sain.     Jalap  pitjue. 
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JAM,  RtSFBBBBT,  Is  made  ly  hoiliBj;  fiae  ripe  raspberricf 
half  an  hour  over  a  slow  fire  with  theirOwn  wctgbtof  loaf  se^ 
and  half  their  weight  of  white  currant  Juice.  Tbe  liqaor  bkoald 
be  cleanly  skimmed  while  boiling,  and  thea  put  into  poti. 
covered  with  braedy  papier. 

S'lraK^rrry  Jau,  is  made  in  (he  same  manner, 

JAMES'S  Powders,  ot  Atitimenial PoKikrt,  a  well  known 
preparation,  in  medicine,  of  phosphate  of  lime  and  antimony. 
In  a  recent  analysis  of  this  valuable  powder,  it  was  foood  ta 
consist  of  peroxide  of  antimony  56"  0  parts,  phosphate  of  line 
49-3  parts,  oilde  of  antimony,  imparity  and  loss  l-S  ==1000-0; 
See  ANTtMONr.  Phosphate  of  lime  is  a  miaer^  ptodncrd  by 
the  combination  of  lime  with  phosphoric  acid. 

In  Spain  there  are  entire  rocks  of  phospharte  of  lime,  which 
the  inhabilanti  hew  into  building  stones  for  houses,  and  for  At 
walls  of  enclosures.  This  substance  is  also  fotmd  in  Cornwall, 
and  other  parts  of  England  It  constllutes  the  basis  of  tlw 
bones  of  alt  animals.  The  phosphate  of  lime  which  is  sold  in  At 
shops  Is  obtained  from  these  by  ealctnation.  This  mixed  with 
wood-ashes  Is  used  U  tbe  msnufactore  of  a  kind  of  flat  cnpi 
called  eupeh,  which  are  employed  by  artlsla  for  rcGrring  geU 
and  silver  in;  and  froiii  it  phoipkoiic  arid  and  the  loininaoi 
subalance  called  phtupkoriu  are  obtained.  Phosphate  oflimeb 
saiil  lo  be  a  very  efficacious  medicine  >n  tbe  disease  called 
rieheta.  to  which  young  children  are  liable. 

JANSE>nSTS,a  sect  of  tbe  Roman  CatAoIies  in  FVanee, 
who  follow  the  opinions  of  Jansenius,  bishop  of  Ypres.  nearlj 
like  those  of  Caliin  in  relation  to  grace  and  prcdeati nation. 

JANUARY,  the  first  month  of  the  year,  aeCordin;  to  tbe 
present  mode  of  reckoning,  eonsisling  of  tbirty-one  days. 

Tbe  Kahndar  of  A  nhuated  TfatitTr  for  This  month,  la  HiiMle. 
MX,  presents,  in  Its  first  week,  ahell-leiis  anails  and  eiilh 
worms.  In  the  second  week,  the  redbreast  whistles,  the  nut- 
hatch chatters,  the  niistleioe  tbrnsli  «ing3,  and  wBKtalls  appev. 
Indeed,  the.«e  pretty  wagtails  appear  on  a  fln«  daj  io  all  tbe 
months  of  winter.  Id  the  third  week,  the  etnamon  lairks  eoa- 
gieKaie.  In  the  fourth,  snnils  and  slugs  abound  fn  all  tbe 
sheltered  nooks  of  our  g-ardens ;  the  hedge  Bptirnnv  wUstles, 
the  large  titmouse  aings,  and  «unie  vagrant  ffiea  veatnre  on  tbe 

Tki  Kahnd<rr  o/Vegtlnhlt  Sahrre  aroand  liOnd on,  presents 
)Q  tbe  first  week  of  January  some  plants  aeeidentally-  in  Aower. 
as  the  laurustinus.  continued  from  'De«ember.  In  Ibe  seeood 
week,  winter  aconite,  Christmas  rose  in  flower,  and  batel  cal- 
kins, begin  to  appear;  so  do  also  the  common  honei'SDetle 
hulls.  In  the  third  week,  we  see  primroses  flowering  in  tbcU 
tered  places ;  and  the  hmitble  daisy  and  chiekwced  btfin  to 
llower.  In  the  fourth  week,  mecefeon  begins  to  Itower.  and 
sometimes  sparry,  pansy,  white  scented  violet,  Brcbaa^t,  and 
colt's-foot  shew  their  Mossoms. 

Kilelun  Cnrifen.  Of  euAasrj  vrfr*tabtii.  sow  early  frame  smt 
Charlton  pease  about  the  beginning,  and  dwarf  marrowfsti 
towatds  tbe  end  of  tbe  month.  Bar^  maaBj^aa  and  lang.pod 
lieans  in  the  Brat  week  and  tbe  last ;  bardy  freea  Eji^ptiaii,  and 
browo  Dutch  lettuoes;  early  dwarf  short  top  rad  is  ties.— Pro- 
tect, by  temporary  coverings,  newly-sown  seeds;  traMplwit 
strong  plants;  dig  anil  trench  vacant  ground  in  dry  weatbe*; 
prepare  oomposts,  and  destroy  Insects. 

Htrdj  Fiuit  Departmtnl.  Plant  frwlt  trees  ;  protect  Wwly 
planted  trees;  prone  apples,  peare,  plums,  eherrfea.  ^oose. 
berries,  currents,  and  ra<ipberries.— Dig  and  atlr  the  eartt 
round  trees  that  have  boon  piwaed  ;  trench  ground  for  freer; 
stake  newly  planted  tree* ;  clean  trees  from  ilioBa  and  mistletoe. 
Destroy  insects  by  washes.  Lcok  over  the  fruit  In  your  slort^ 
room,  and  pick  out  all  thnt  are  deoajed. 

Cttlinarii  Hot-kausa  Dtpartwitnt.  Olass-eawe  without  heat; 
BOW  radishes,  letloce,  carrots,  small  salads,  and  pease  aid 
beans  for  transplanting. 

Hat-beda  aitd  i*i'u.  Prepare  fof  makiDg  op  hot-hrds  liir 
early  cucamberB  and  nielons.  Sow  eatty  radishes  ttM  siatll 
salad.  Sow  cairols  on  a  sKKbt  hot-herd,  lo  producia  a  crop  frr 
May.  Kidney  beans,  pease,  and  potatoes,  may  also  be  m«e, 
plaoled  on  slight  hofrbeds,— -Give  air  and  wafer  S|)arin{flyAa 
pines.  Olve  air  and  watt**  to  forciof  hooses,  nnd  Inerease'  d« 
stimuli  Bcoording  to  the  advaneemenl  of  jraurerapj. 

Fhvtr  Gardem.    Heia  we  bare  thw  hot-hftnsie  and  open 
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iToond  dcpartmcntt.  lo  the  latter,  plant  dried  roots  of  border 
flowers,  transplaot  daisies  at  cdf^ings,  and  protect  choice 
plaota  hjr  matting,  &c.  Iq  the  hot-house  department,  attend 
to  al|)ines,  ^hirh  should  have  air  daily  if  the  weather  if  not 
irerj  severe.  In  hot-beds  and  pits,  force  roses,  shrubs,  and 
hardy  flowers.  The  mean  temperature  of  the  |creen-housc 
should  be  40P  maximum,  at  fire  heat  -It^.  The  mean  tempe- 
rature of  the  dry  stove  should  be  46°  with  fire  heat.  Water 
sparingly,  hut  f^ivc  air  daily. 

/m  the  Pletuurt  Ground  and  Skruhhtr^,  plant  most  lorts  of 
deciduous  trees  in  fine  weather,  aud  deciduous  hcdfres.  Prone 
deciduous  and  naturalised  shrubs  and  hedges.  Continue  to 
di^  in  the  interior  of  masses  and  ^croups ;  and  dress  and 
(travel.    Form  and  repair  lawns  and  turf  verges   in    mild 

eather. 

Trees  m  the  Sursety  Department.  Lay  out  ground,  dig  and 
treaeli,  lift,  prune*  gather,  protect  trees,  and  destroy  vermin* 

Treet  in  permanent  Plantations  and  Park  JScenertf*  Prepare 
Ip'ound  for  groves,  aud  screen  plantations;  plant  in  dry  wea- 
ther deciduous  trees,  pines,  and  larches ;  prune  deciduoas 
trees :  cat  hedge-rows ;  enclose  and  fence  ground  designed  to 
he  planted ;  fell  timber  trees,  where  the  bark  U  no  object;  and 
thin  crowded  plantations. 

JAPANNING  is  the  art  of  varnishing  and  painting  ornaments 
on  wood,  as  is  done  hy  tiie  natives  of  the  island  of  Japan.  All 
substances  that  are  dry  and  rigid,  or  not  too  flexiblo ;  as  woods, 
tnetals,  leather,  and  paper  prepared ;  admit  of  being  japanned. 
Wood  and  metals  reuuiro  no  other  preparation  than  to  hare 
their  turfaoes  perfect! v  even  and  clean  ;  but  leather  ahoHid  be 
securely  stretched,  either  on  frames  or  on  boards ;  as  its  bind- 
ing vould  crack,  and  force  off  the  varnish.  Paper  should  be 
treated  in  the  same  manner,  and  haie  a  previous  strong  coat 
of  sise;  but  it  is  rarely  japanned,  till  converted  into  papie? 
tnachU,  or  wrought  into  such  form,  that  its  flexibility  is  lost 

Of  Japan  Grounds,  When  a  priming  is  used,  the  work  most 
be  smoothed  with  fi^-skin  or  glass-paper,  and  being  thoroaghly 
€?lean,  is  brushed  over  once  or  twice  with  hot  size,  diluted  with 
two-thirds  water,  if  it  is  of  the  common  strength.  The  priming 
is  laid  on  as  evenly  as  possible.  It  is  a  size,  of  a  consistency 
between  the  common  kind  and  glue,  mixed  viith  as  much  whit* 
ing  as  will  giie  it  a  sufficient  body  of  colour  to  hide  the  surface 
it  is  lakl  upon.  This  is  repeated  till  the  inequalities  are  tilled 
up,  then  the  work  is  cleaned  off  with  Dutch  rushes,  and  polished 
with  a  wet  rag.  When  wood  or  leather  is  japanned,  and  do 
priming  used,  the  best  preparation  is  to  lay  on  two  or  three 
coats  of  coarse  varnish,  composed  in  the  followiog  manner : 
Take  one  pint  of  rectified  spirits  of  wine,  and  of  coarse  seed- 
lac  and  resin,  each  t»o  ounces ;  dissolve  the  se ed-lao  and  resin 
in  the  spirit,  and  then  strain  off  the  varnish.  This  varnish,  like 
all  others  formed  of  spirit  of  wine,  must  be  laid  on  in  a  warm 
place;  and  if  it  can  be  conveniently  mannaged,  t!ie  piece  of 
work  to  be  varnished  should  also  be  made  warm ;  fur  the  same 
reason,  all  dampness  should  be  avoided :  as  rr>|d  or  nioiyture 
chills  this  varnish,  and  prevents  its  taking  hold  of  the  substance 
on  which  it  is  laid.  When  the  work  is  so  prepared,  or  by  the 
priming  with  the  com  position  of  size  and  w  hit  i»Kabo«e<U*  SCI  ibrd, 
ihc  proper  japan  ground  must  be  laid  on.  Thi*  is  best  formril  of 
shell-lac  varnish,  and  the  colour  desired,  except  white,  wliich 
requires  a  peculiar  treatment;  and  if  brighlncss  be  wanted. 
other  means  must  l>e  pursued.  The  colours  used  with  the 
thell-lao  varnish  may  be  any  pigments,  which  give  the  tint  of 
the  ground  desired.  As  metals  never  require  to  be  under- 
coated  with  whiting,  they  are  treated  in  the  same  manner  as 
u  pod  or  leather. 

White  Japan  Grounds^  are  made  by  the  following  compo- 
sition: Take  flake-wliite,  or  white  lead,  washed  over  and 
ground  up  with  one-sixth  of  its  weight  of  starch  and  then 
dried  :  temper  it  properly  for  spreadiii;;  with  mastich  varninh ; 
and  lay  these  on  the  substance  to  In*  japanned,  prepared  either 
with  or  without  the  under  eoat  of  whiting,  as  ordered  above; 
aad  then  varnish  it  over  with  five  or  six  coats  of  tlie  following 
\  a/nisii. 

Froni  a  quantity  of  the  best  seed-lac.  pii«k  out  Mie  clearest 
and  whitest  grains,  reserving  the  fooler  parts  for  coarse  var- 
iiinhrt.  or  for  priiriine  or  preparing  wood  or  feather.  Of  this 
picked  lac  take  taoouuves,  and  of  gam  animi  three  ounces; 


reduce  them  to  a  gross  powder,  and  dissolve  them,  in  aUnt  a 
quart  of  spirits  of  wine,  and  strain  ofl"  the  clear  varnish.  Th« 
seed -lac  a  ill  kivo  a  slight  tinge  to  this  composition ;  but  it  nui- 
not  be  avoided,  when  hard  varnish  is  wanted ;  though,  wilieu  a 
softer  will  answer  the  end,  the  proportion  may  be  diniini»bi-d, 
and  a  little  crude  turpentine  added  to  the  gum  animi  to  take 
off  the  brittleness. 

A  very  good  varnish,  entirely  free  from  brittleness,  may  be 
formed  by  dissolving  as  much  gum  animi  as  the  oil  will  take, 
in  old  nut  or  poppy  oil.  This  must  be  boiled  gently  when  the 
gum  is  put  into  it.  The  ground  of  while  colour  itself  is  Inid 
on  in  this  varnish,  and  then  a  coat  or  two  of  it  put  over  the 
ground;  but  when  used,  it  must  be  well  diluteil  with  oil  of  ter* 
pentine.  This,  though  free  from  brittleness,  is  liable  to  suflrr 
by  being  indented]  or  bruised  by  any  slight  strokes ;  and  it  Hill 
not  bear  any  polish,  but  may  be  brought  to  a  smooth  surfarr 
without,  if  judiciously  managed  in  the  laying  it  on.  It  i^ 
tedious  drying  and  requires  time  where  several  coats  are  laid 
on ;  as  the  last  should  bo  without  oil  of  turpentine. 

Bhu  JapoM  Grounds  are  formed  of  bright  Prussian-blue  :  rr 
of  verditer,  glazed  over  by  Prussian-blue,  or  smalt.  The 
colour  is  best  mixed  with  shell. iac  varnish,  and  brought  to  a 
polishing  state  by  fite  coats  of  varnish  of  seed-lao;  but  the 
varnish  will  somcMhat  injure  the  colour,  by  giving  a  cast  «if 
green  to  a  true  blue,  and  fnuliug  a  warm  blue  by  the  yellow  it 
contains ;  where  a  bright  blue  is  required,  and  a  less  degree  of 
hardness  can  Im  dispensed  with,  we  pursue  the  method 
directed  in  the  ease  of  white  grounds. 

Red  Japan  Grounds,  For  a  scarlet,  vermilion  is  used  ;  but 
it  has  a  glaring  effect,  much  less  beautiful  than  the  oiimson 
produced  by  glazing  it  over  nith  carmine,  fine  lake,  or  ro5«» 
pink.  For  a  bright  crimson,  insitead  of  glazing  with  carmine, 
use  Indian  lake,  dissolved  in  the  spilet  of  which  the  varnish  is 
compounded;  in  this  case,  instead  of  glazing  aith  the  shell- 
lac  varnish,  the  polishing  coits  are  only  used,  as  they  equally 
receive  and  convey  the  tinge  of  the  Indian  lake,  which  may  hn 
dissolved  by  spirits  of  wine:  but  if  the  highest  degree  of  white- 
ness is  required,  use  the  white  varnish. 

For  Yelhw  Jajtan  (t'rounds,  employ  King's  >tillow,  or  turpetli 
mineral,  either  alone  or  mixed  with  fine  butch-pink.  The 
effect  may  be  heightened,  by  dissolving  tormerie  root  in  the 
spirits  of  wine,  of  whicb  the  upper  or  polishing  eoat  is  made. 
The  spirits  of  wtue  must  be  strainrd  from  off  the  dregs  before 
the  seed-lac  be  added  to  it,  to  form  the  varnish.  The  seed-lao 
varnish  is  not  equally  injurious  here,  and  with  greens;  be- 
cause, linged  aitli  a  reddish  )ellow  only,  it  is  little  more  an 
addition  to  the  depth  of  colour.  Yellow  grounds  nay  be  fouiMl 
of  Dutch-pink  only,  which,  when  go4>d,  is  aot  deficient  in 
brigtitaess,  though  extremely  cheap. 

Gvfen  Jir/Min  Grounds,  arc  prenared  by  mixing  King's  yellow 
and  Prussian-blue,  or  turpeth  mineral  and  Prussian-blue;  and 
a  cheap  but  fouler  kind,  by  verdifris,  with  a  little  of  the  above- 
mentioned  yellows,  or  Duteh-pink.  Wheie  a  bright  green  is 
wanted,  the  er3Btal  of  verdigris,  (distilled  \erdiKri«,)  are  ent- 
ployed :  to  heighten  the  efl'-ct,  they  are  Uid  on  a  ground  <if 
leaf-gold,  when  the  colour  \%  extren-ely  ^ritllarlt  and  pleasini;. 

ihan^e  Jaman  Grinmds,  are  fuimed  by  mixing  vermilion,  or 
red  lead,  with  King's  yellow,  or  Duti  h-pink,  or  the  orangn 
lake,  which  will  make  the  brightest  orange  ground  that  can  bo 
prodnred. 

Purjiie  Japan  Grounds^  are  prodceed  hy  the  mixture  of  hike 
and  Prussian-blue;  of  n  darker  hue.  by  vermilion  and  Prus- 
sian-blue. With  respect  to  the  varnish,  'they  are  treated  as  the 
others. 

iilack  Japan  Grounds,  (formed  witliout  heat.)  may  be  formed 
by  ivory  black,  or  by  lomp-blark  :  the  former  Is  preferiiMr 
when  good.  These  are  laid  on  with  shell-lae  varnish;  ami 
have  their  upper  or  polishing  eoaisi  of  common  seed-lac  var- 
nish, the  tinge  of  the  tarnish  being  no  injury  here. 

i^ommon  iffark  Jmpan  Grounds  on  iron  vr  topper,  ff<»rnie(t  by 
heat.)  The  work  to  be  j.ipanned  i^  painted  o\er  with  r1r\ing 
oil  and  lamp-black;  when  of  a  modei.ite  i1r>nes«i,  it  niast  In* 
exposed  to  such  a  heat  as  will  change  the  oil  to  Mark,  wiih- 
out  weakening  its  tenacity.  The  sto%e  should  not  bn  too  h<<t 
when  the  work  is  put  into  it,  nor  the  heat  increased  Uut  fatf, 
else  it  will  blister ;  the  slower  the  heat  is  augmented,  and  the 
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longer  it  is  coDdnoed,  proTided  it  be  restraiped  witbin  the  doe 
deKreej>,  the  harder  will  be  the  japan.  This  kind  of  varnish 
requires  no  polish,  as  that  which  it  receives  from  the  heat  when 
properly  manaeed  is  safficicot. 

Tvriois€'sheU  Japan  Ground^  produced  by  heat,  is  valuable 
or  its  great  hardness,  and  its  beautiful  appearance.     Besides, 

endures  to  be  made  hotter  than  boiling  water  without  dam- 
f^e.  It  is  made  by  means  of  a  varnish  prepared  thus  : — Take 
one  gallon  of  good  linseed  oiU  and  of  umber  half  a  pound  ;  boil 
them  together  till  the  oil  becomes  brown  and  thick ;  strain  it 
through  a  coarse  cloth,  and  boil  it  again  till  it  acquire  a  pitchy 
consistence,  when  it  will  bo  fit  for  use. 

Having  prepared  *he  varnish,  clean  well  the  iron  or  copper 
plate,  or  other  pieces  which  are  to  bo  japanned,  then  lay  ver- 
milion tempered  with  shelMac  vamisb,  or  with  drving  oil 
diluted  with  oil  of  turpentine,  very  thinly,  on  the  plates  in- 
tended to  imitate  the  more  transparent  parts  of  the  tortoise- 
shell.  When  the  vermilion  is  dry,  brush  the  whole  over  with 
the  black  varnish,  to  a  true  consistence  with  oil  of  turpentine ; 
and  when  it  is  set  and  firm,  put  the  work  into  a  stove,  where  it 
may  undergo  a  very  strong  heat,  for  three  weeks  or  a  month, 
the  longer  the  better. 

This  gronnd  may  bo  decorated  with  painting  and  gilding  as 
other  varnished  surfaces.  This  is  done  after  the  ground  has 
been  hardened  by  the  stove ;  but  it  should  receive  a  second 
annealing  with  a  more  gentle  heat,  after  it  is  finished. 

The  method  of  Paintiriff  Japan-work,  Japan  work  should  be 
painted  with  colours  in  varnish ;  though  for  despatch,  and  in 
nice  work  where  the  freer  use  of  the  pencil  is  required,  the 
colours  are  tempered  in  oil.  But  the  oil  should  previously 
have  a  fourth  part  of  its  weight  of  gum  animi ;  or,  gum  sand- 
arach,  or  gum  mastiuli  dissolved  in  it.  When  the  oil  is  thus 
used,  it  is  diluted  with  oil  of  turpentine,  for  the  colours  to  lie 
evenly  and  thin.  By  this  means,  fewer  of  the  polishing  or 
upper  coats  of  varnish  become  necessary. 

Water  colours  are  in  some  instances  laid  on  grounds  of 
gold.  These  are  best,  when  so  used  in  their  proper  appear- 
ance, without  any  varnish  over  them ;  and  they  are  also  some- 
times managed  to  have  the  effect  of  embossed  work.  The 
colours  thus  employed  for  painting,  arc  prepared  with  isin- 
glass size,  corrected  by  honey  or  sugar-candy.  The  body  of 
the  embossed  work  which  is  raised,  is  not  ting^  with  the 
exterior  colour,  but  formed  of  strong  gum  water,  thickened  to 
a  proper  consistence  by  equal  parts  of  bole  Armenian  and 
whiting.  This  gum  is  laid  on  the  proper  figure,  and  repaired 
when  dry,  and  the  whole  maj  be  then  painted  with  the  proper 
colours,  tempered  with  the  isinglass  size,  or  shell-lac  varnish. 

The  manner  of  Varnhhinff  Japan-work,  The  finishing  of 
japan-work  consists  in  the  laying  on  and  polishing  the  outer 
eoats  of  varnish,  as  well  in  the  pieces  that  have  only  one  sim- 
ple ground  of  colour,  as  those  that  are  painted.  This  is  done 
with  common  seed-lac  varnish,  except  where  other  methods 
are  more  expedient.  The  same  reasons  which  decide  as  to  the 
fituess  of  the  varnishes,  with  respect  to  the  colours  of  the 
ground,  hold  equally  with  regard  to  those  of  the  painting. 
Where  brightness  is  the  most  material  point,  and  a  tinge  of 
vellow  will  injure  it,  seed-lac  gives  way  to  the  whiter  goms ; 
but  where  hardness,  and  a  greater  tenacity,  dre  essential,  the 
seed-lac  must  be  adhered  to;  where  both  are  so  necessary,  that 
reciprocally  one  should  give  way  to  the  other,  it  is  usual  to 
adopt  a  mixed  varnish.  This  mixed  varnish  is  made  of  the 
picked  seed-lac.  The  common  seed-lao  varnish,  the  most  use- 
ful preparation  of  the  kind,  may  be  thus  made.  Take  three 
ounces  of  seed-lac,  put  it  into  water,  to  free  it  from  the  sticks 
and  filth  intermixed  with  it.  To  do  this,  stir  it  about,  and  then 
pour  off  the  water,  adding  fresh  quantities,  till  it  be  freed  from 
all  impurities.  Then  dry  it,  powder  it  grossly,  and  put  it,  with 
a  pint  of  rectified  spirit  of  wine,  into  a  bottle,  of  which  it  will 
not  fill  al»ove  two-thirds.  Shake  the  mixture,  place  the  bottle 
in  a  gentle  heat,  till  the  seed-lac  is  dissolved ;  repeat  the  shak- 
ing, pour  oflf  all  that  is  clear,  strain  Iho  remainder,  and  put  it 
in  a  close  bottle. 

In  using  seed-Iae  white  varaish,  the  substanoe  ased  in 
polishing  should  be  itself  white ;  but  in  other  cases,  the  com- 
mon sorts  of  polishing  dust  may  be  used.  The  work  to  be 
varnished  is  placed  near  a  Brt,  or  stove,  made  perfectly  dr>  : 


the  varnish  is  then  rubbed  over  with  the  bmsbes  made  for  that 
purpose,  beginning  in  the  middle,  and  passing  the  bmsh  over 
to  one  end,  and  then  wiih  another  stroke  passing  it  from  the 
middle  to  the  other  end.  No  part  should  be  twice  passed  over 
in  forming  one  coat.  When  one  coat  is  dry,  proceed  with  a 
second,  and  so  on  six  or  seven  times,  till  the  varnish  Is  safll- 
ciently  thick  to  bear  the  polish.  In  common  cases,  yoa  nuy 
polish  with  a  rag  dipped  in  tripoH  or  rottenatooe  finely  pow- 
dered; but  before  finishing,  add  a  little  oil  with  the  powder: 
when  the  work  is  very  bright,  rub  with  oil  alone,  to  clean  all  the 
powder  oS,  It  is  an'improvement  in  japan-work  to  harden  the 
varnish  by  heat ;  and  where  metal  forms  the  body,  a  hot  stOTe 
is  used. 

JARGON,  a  precious  stone  found  in  Ceylon.    Set  Ziacov. 

JASPER,  in  Mineralogy,  a  species  of  the  clay  genaa,  divid- 
ed into  six  sub-species.  The  Egyptian  jaitper  exhibits  two 
or  more  colours  in  concentrio  zones  or  bands,  more  or  less 
regular,  with  interspersed  spots  or  dendritic  figures.  It  is 
brittle,  and  occurs  in  rolled  pieces,  whioh  are  mostly  apherlcal. 
Before  the  blow-pipe  it  is  infusible  without  addition,  and  <m 
account  of  its  beautiful  colour  and  great  hardness,  it  is  used  for 
similar  purposes  as  the  agate.  The  colonrs  of  the  stripedjuper 
are  gray,  green,  yellow,  and  red  ;  these  arc  often  found  toge- 
ther, and  arranged  in  striped  and  flamed  delineations.  It  oc- 
curs in  large  beds  in  Saxony,  and  also  in  Siberia,  where  ft  Is 
of  a  very  beautiful  kind.  It  admits  of  a  high  polish,  and  is 
used  for  purposes  of  ornament  chiefly.  The  p&reeUm  jatper 
generally  exhibits  but  a  single  colour.  Melted  before  ifte 
blow-pipe  it  is  found  to  consist  of  silica,  60-75 ;  alumina,  S7'$5; 
magnesia,  3*00 ;  oxide  of  iron,  2-60 ;  potash,  3*66 ;  lou,  9*84. 
The  common  jasper  is  found  in  veins  in  primitive  rocks-  It  If 
susceptible  of  a  high  polish.  Opal  jasper  ia  found  in  nests  ia 
porphyry,  near  Tokajr  in  Hungary,  m  the  neighbonrhood  of 
Constantinople,  and  m  some  Siberian  monntains.  It  is  sup- 
posed to  be  the  connecting  link  between  jasper  and  opal,  and 
IS  distinguishable  by  the  liveliness  of  its  coloars,  its  saperior 
lustre,  and  constant  conchoidal  fracture. 

JATROPHA,  in  Botany,  a  genas  of  the  monoecia  moaadel- 
phia  class  and  order.  Natural  order  of  tricoccae.  Enphorbhe, 
Jussieu.  There  are  nine  species,  of  which  the  most  retamrfcaUe 
are:  1.  The  corcas,  or  English  physic  not.  2.  The  gossypHbKs, 
cotton-leaved  jatropha.  3.  The  multifida,  or  French  pbysie  nut 
4.  The  manihot,  or  bitter  cassada,  has  palmated  leaves ;  As 
lobes  lanceolate,  very  entire,  end  polished.  5.  The  janipba, 
or  sweet  cassada,  has  palmated  leaves,  with  lobes  very^atirs: 
the  intermediate  leaves  lobed  with  a  sinos  on  both  sides.  6. 
The  elastioa,  or  hevan  goianensis,  with  ternate  leavea  elliptle, 
very  entire,  hoary  underneath,  and  longly  petiolated.  Srv 
Caoutchouc.  The  root  of  bitter  cassada  has  no  fibroin  or 
woody  filaments  in  the  heart,  and  neither  boils  nor  roasts  soft. 
The  sweet  cassada  has  all  the  opposite  qualities.  The  bitter, 
however,  maybe  deprived  of  its  noxious  qualities  (whleb  reside 
in  the  juice)  by  heat.  Cassada  bread,  therefore,  is  made  of 
both,  thus :  the  roots  are  washed  and  scraped  cleans  then  gia- 
ted  into  a  tub :  after  this,  they  are  put  into  a  hair  bag,  and 
strongly  pressed,  to  squeeae  out  the  juice,  and  the  meal  is  dried 
in  a  hot  stone  bason  over  the  fire.  Cassada  roots  yield  a  great 
quantity  of  starch,  which  the  Brazilians  export  in  little  lonpf 
under  the  name  of  tapioca. 

JAUNDICE,  a  disease  created  by  a  saffnaion  of  bile,  aad 
determination  thereof  to  the  sorface  of  the  body,  which  is 
thence  tinged  yellow. 

JAW,  Locked,  a  spasmodic  contraction  of  the  lower  jaw. 
occasioned  generally  by  some  external  injury  affeeting  tht 
tendons  or  ligaments. 

JAY,  a  beautiful  bird  of  the  genus  Corpus. 

JEERS,  or  J  EARS,  an  assemblage  of  tackles,  by  whioh  the 
lower  yards  are  hoisted  up  along  the  mast,  or  lowered  down,  ss 
occasion  requires;  the  former  of  which  operatioiia  Is  eaM 
Swaying^  and  the  latter  Sirikmg.  In  a  ship  of  war,  the  jeets  arr 
usually  composed  of  two  strong  tacklei ,  each  of  wbidl  has  two 
blocks,  mV.  one  fastened  to  the  lower  mast-head,  and  the  oiler 
to  the  middle  of  the  yard.  The  two  blocks  which  are  lashed'to 
the  middle  slings  of  the  yard,  are  retained  in  this  aitnatiea  kt 
means  of  two  cleats,  nailed  on  each  side,  whose  arms  endess 
the  ropes  by  which  the  blocks  are  fastened  to  the  yard.    Tbs 
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two  ropes  whicfi  commaniciite  with  these  tncklcfi  lead  down  to 
the  deck  on  the  opponite  side  of  the  mast,  accordin;;  to  the 
situation  of  the  upper  jocr-hlorks.  In  nirrchaiit  ships  the 
frers  have  a!iu»lly  two  larfre  sinj^U*  lilock.s  on  thtr  opposite  side 
of  the  mast-head,  and  another  of  the  same  size  in  the  middle 
of  fhe  vard.  The  rope  which  eomniunicatcs  uith  thcsi*,  passes 
throuf^n  onu  or  the  Uocks  han;;inp  on  the  ninst-head,  then 
through  the  Mock  on  the  yard,  and  afterwards  through  the 
other  haof^in;;  Mock  on  the  mast.  To  the  two  lower  ends  of 
this  rnpp,  on  the  opposite  sides  of  the  mast,  are  fixed  two 
fackles,  each  of  which  is  formed  of  two  doiihle  hlocks,  the 
lower  one  bein<c  hooked  to  a  rin;;.l)olt  in  tlie  deck,  and  the 
appcr  one  spliced  or  seized  into  the  lower  end  of  the  f;reat 
rope,  ahove  which  is  called  the  tye.  Uy  this  contrivance  the 
mechanical  pomer  of  the  incklc  helow  ii  transmitted  to  the  tyc, 
which  eommuiiicatin^  with  Mocks  on  the  yard,  readily  sways 
up,  or  lowers  it,  either  hy  the  tllort  of  hoth  jeers  at  once  on 
the  opposite  sides  of  the  mast,  or  by  each  of  them  separately, 
one  after  the  other.  They  say  a  man  is  broii;;ht  to  th<*  jeer's, 
when  i^oinji^  to  be  punished  at  the  jeer-capstan.  This  is  done 
in  the  following  manner:  a  capstan-bar  bein^  thrust  through 
the  hole  of  the  barrel,  the  oflender's  arms  are  extended  at  full 
Icnjcth  cross-wise,  and  so  tied  to  the  bar.  haxinj;  sometimes  a 
basket  of  bullets,  or  some  other  like  wei;;ht,  hauf^inK  by  his 
neck.  In  this  posture  he  continues  till  he  be  either  broufcht  to 
confess  some  plot  or  crime  whereof  he  is  suspected,  or  that  he 
has  snlfcred  what  he  is  sentenced  to  undergo  at  the  discretion 
of  the  captain. 

JELLif,  a  food,  medicine,  or  sweetmeat,  prepared  from  the 
joive  of  unripe  fruits,  boiled  to  a  proper  consistency  with  sut^ar ; 
or  the  strong  decoctions  of  the  horns,  bones,  or  extremities  of 
animals  boiled  to  such  a  heif^ht  as  to  be  fttilT  and  firm  when 
cold,  witliout  the  addition  of  any  sugar.  The  jellies  of  fruits 
•re  eouHnic,  saponaceous,  and  acescent,  and  tlicreforc  arc 
good  as  medicines  in  all  disorders  of  t)ie  frimtt  ri<r,ari>in);  from 
alkalescent  juices,  especially  when  not  f^iven  alone,  but  diluted 
with  mater.  On  the  contrary,  the  jellies  made  from  animal 
substances  are  all  alkalescent,  and  are  therefore  good  in  all 
c9iMt%  in  which  an  acidity  of  the  humours  prevails.  The  alka- 
lescent quality  of  these  is,  however,  in  a  great  measure  taken 
off,  by  adding  lemon  juico  and  suj^ar  lemon  to  them.  There 
were  funnerly  a  sort  of  jellies  much  in  u^e,  called  compound 
jellies;  these  had  tho  restorative  medicinal  drugs  added  to 
them,  but  they  arc  now  scarcely  ever  heard  of. 

j£LLY  0«l,  a  preparation  of  common  outs,  rocommendcd  by 
many  of  the  German  physicians  in  all  hectic  disorders,  to  be 
taken  with  brotli  of  snails  or  cray  fish.  It  is  made  l»>  boiling 
a  large  quantity  of  oats,  with  the  husk  taken  olf  viiih  some 
hartshorn  shaviugs,  and  currants,  together  with  a  leg  of  veal 
rut  in  pieces,  and  with  the  boues  ail  broken  ;  these  are  to 
be  set  over  the  liro  with  a  large  quautity  of  water,  till  the 
whole  is  reduced  to  a  sort  of  jelly,  which,  when  strained  and 
cold,  is  firm  and  hard.  A  few  spoonfuls  of  thin  are  tu  be  taken 
every  morning,  diluted  with  a  basou  of  cither  of  the  aiwve- 
BiCDtioiied  broths,  or  any  other  warm  liquor. 

JhLLY,  io  Chemistry.  If  wc  presa  out  tho  juice  of  ripe  cur- 
rants, and  many  other  acid  fruits,  and  let  it  remain  in  a  stale 
of  rest,  it  partly  coagulates  into  a  tremulous  soft  Mibstancc.  If 
we  wasbthecoagulum  mitliasmallquaniiiy  of  water,  we  ohtnifi 
jelly  approaching  to  a  state  of  purity,  and  nearly  co!«iuili-s4,  on* 
less  tinged  by  the  peculiar  colouring  matter  of  tlic  fruit  ;  il  hu» 
a  pleasant  taste,  and  a  treuuhms  Goniti»lenry.  It  is  srnrcily 
solublo  in  cold,  but  very  soluble  in  hot  water;  and  when  the 
solution  cools,  it  n:;uin  con^nlutes.  When  long  boiled,  it  lo»v8 
the  property  of  gelatinizing  b)  cooling. 

j£sClTS,  or  the  Society  of  Jcmiji,  in  Church  History,  a  cc- 
orated  religious  order  in  tlie  Kuniiiih  Church,  founded  b>  Igua* 
lius  Lf<iyola.  a  Spaniard.  To  the  three  ordinary  moouitic  vows 
of  chastity,  poverty,  and  obedirnce,  they  added  a  fourth,  whirh 
was.  to  Ko  wherever  th«  pope  should  mnimand.  The  order 
v»aii  abolishctl  in  1773:  but  was  latciv  rcstoro^l  b>  Tope  IMus 
VII.  the  predecessor  of  the  present  pope,  and  re-established 
lA  Italy,  Spain,  and  Switzerland. 

J  ft  SI'  I T  'a  Bark,     See  Cinchona. 

JKT,  a  black  inflammable  substance  of  the  bituminous  kind, 
liardf-r  tha;i  atphnltum,  and  susceptible  of  a  good  oulish.     It 
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becomes  electrical  by  rubbing,  attraclins:  light  bodies  like 
yellow  amber.  It  swims  on  water,  so  that  jis  sprcifie  gravity 
must  be  less  than  lOCH):  notwithstanding  which  it  his  been 
frequently  confounded  with  the  lapis  ohfiHiantis,  the  sprcifie 
gravity  of  which,  according  to  Kirwan,  is  no  less  than  1744. 
It  also  resembles  cannel  coal  extremely  in  its  hardness,  receiv- 
ing a  polish,  not  soiling  the  fingers,  &c. ;  so  that  it  has  also 
been  confounded  with  this.  The  distinction,  however,  is  easily 
made  betwixt  the  two ;  for  cannel  coal  wants  the  electrical  pro- 
perties of  jet,  and  is  likewise  so  heavy  as  to  sink  in  water.  Its 
speeilic  gravity  being  no  less  than  1*27.1;  whereas  that  of  jet,  as 
has  already  been  said,  is  less  than  1(H)0. 

Mr.  Magellan  is  of  oninion,  that  the  jet  is  a  true  amber,  dif- 
fering from  the  yellow  kind  only  in  the  mere  circumstance  of 
colour,  and  being  lighter  on  account  of  the  great  quautity  of 
bituminous  matter  which  enters  Into  its  composition.  When 
burning,  it  emits  a  bituminous  smell.  It  is  never  found  in 
strata  or  continued  masses  like  fossil  stones,  but  always  in 
separate  and  unconnected  heaps  like  the  true  anther.  Great 
quantities  of  it  have  been  dug  in  the  F>renean  mountains; 
also  near  Hatalka,  a  small  town  of  Portugal,  and  in  Oalicia, 
in  Spain.  It  is  found  also  in  Ireland,  Sweden,  Prussia,  Ger- 
many, and  Italy.  It  is  used  in  making  small  boxes,  buttons, 
bracelets,  mourning  jewels,  &c.  Sometimes  also  it  is  employed, 
in  conjunction  with  proiier  oils,  in  making  varnishes;  when 
mixed  with  lime  in  powder,  it  is  said  to  make  wry  hard  and 
durable  cement. 

JCT  0*1^41',  a  French  word  signir)ing  a  fountain  that  throws 
up  water  to  some  height  in  the  air. 

Jets  and  fountains,  though  In  some  situations  conducive  to 
picturesone  beauty,  are  of  little  utility  except  in  tropical  cli- 
mates, but  id  the  jet  or  formation  of  Hiero  of  Syracuse,  the 
head  of  water  is  lower  than  the  orilice,  yet  as  the  pressure  is  com- 
municated by  a  column  of  air,  this  jet  d'eau  ma>  be  considered 
of  great  utility  in  large  works  where  its  application  is  desired. 

This  figure  represents  the  machine,  in 
which  arc  two  vessels.  K  L  M  N,  and  O  P 
Q  U,  close  ou  all  sides.  A  I)  is  a  tube 
having  a  funnel  at  the  top,  and  it  passes 
through  the  higher  vessel  without  inter- 
fering with  tlic  fluid  therein  contained, 
being  fixed  or  soldered  air-tight  at  its 
top  aod  bottom.  It  passes  likewise 
through  the  top  of  the  lower  vessel,  being 
soldered  air-tight  there  also,  and  it  reaches 
almost  to  the  bottom  of  this  vessel.  This 
y     tube  is  open  at  both  ends. 

ST  is  another  tube  similarly  fixed, but 
in  an  inverted  order,  and  it  is  also  open 
at  top  and  bottom.  These  two  tubes 
support  the  upper  vessel. 

A  third  tube  G  F.  is  soldered  into  tho 
top  of  the  other  vessel,  and  teaches  al 
most  to  its  bottom.  This  tube  is  open  at 
both  ends,  but  the  ctrificc  (»  is  very  small 
Fill  the  upper  vessel  with  water  to  the 
height  KN,Krbtine  its  surface  a  little 
below  T;  slop  tiic  oiilice  G  with  the  fin 
gcr,  and  pour  in  water  at  A  ;  it  will  pass 
down  J),  and  eoiiipress  the  air  a^ain  into 
lass  room  in  Ut^KP.  Whenever  the 
water  in  the  low  er  vessel  ri.ses  to  C  r,  the 
air  which  formerly  occupied  the  whole  of  the  spaces  t)  P(^  K 
and  Er  L  k,  will  now  be  cunUinrd  in  the  s|jaees  o  Pr  C  and 
K  L  «  E  :  and  its  elasticity  will  be  in  cquilibiio  wiih  the  weight 
of  the  column  of  water,  whose  ba»e  is  tlie  .%urfaee  Ur,and  whose 
heiiiht  is  Ac:  hence  if  >our  liuger  be  now  removed  fiom  the 
oriljce  G.  tho  fluid  will  s|Hiut  up  thfoujih  that  tube  as  high  as  it  is 
long,  or  equal  to  the  altitude  e  11  :  and  while  there  is  an)  water 
in  the  vessel  kLMN,  there  will  be  a  discharge  through  the 
oritiee. 

The  liei);lit  of  tlie  water  measured  from  the  basin  V  A  W  to 
the  surface  of  the  water  in  the  lower  vei*»cl.  is  always  equal  to 
tlu'  height  measured  from  tlio  top  of  tiic  jet  to  tiie  surface  of  the 
water  in  the  vessel  kLMN;  and  as  the  surface  £  r  ia  cun.itantly 
falling,  and  the  water  in  the  under  vessel  alwB}s  risiug,  the 
6T 
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height  of  the  jet  is  perpetually  decreasing,  until  it  is  shorter 
by  the  depth  of  K  L  M  N,  which  is  empty,  added  to  the  depth 
of  O  P  Q  R,  which  is  continually  falling  ;  and  so  soon  as  the 
iet  has  fallen  tims  low,  it  ceases  to  play. 

JETSAM,  any  thing  thrown  oat  of  a  ship  being  in  danger  of 
wreck,  and  by  the  waves  driven  to  the  shore. 

J£TT£,  the  border  made  round  the  stelts  under  a  pier,  in 
certain  old  bridges,  being  the  same  with  starling,  consisting  of 
a  strong  framing  of  timber  filled  with  stones,  chalk,  &c.  to 
preserve  the  foundations  of  the  piers  from  injury. 

JETTY  Head,  a  name  usually  given  in  the  royal  dockyards 
to  that  part  of  a  wharf  which  projects  beyond  the  rest ;  but 
more  particularly  the  front  of  a  wharf,  whose  side  forms  oue  of 
the  cheeks  of  a  dry  or  wet  dock. 

JEWEL,  any  precious  stone,  or  ornament  beset  with  them. 
Ses  Diamond,  Ruby,  &o. 

Jewels  made  a  part  of  the  ornaments  with  which  the  Jews, 
Greeks,  and  Romans,  especially  their  ladies  of  distinction, 
adorned  themselves.  So  prodigious  was  the  extravagance  of 
the  Roman  ladies  in  particular,  that  Pliny  the  elder  says,  he 
.saw  Lullio  Paulina  with  an  equipage  of  this  kind,  amounting, 
according  to  Dr.  Arbathnot's  calculation,  to  £322,9 IG.  13f.  4d, 
of  our  money.  It  is  worthy  of  observation,  that  precious  stones 
among  the  Romans  and  all  the  ancients  were  much  scarcer, 
-and  consequently  in  higher  esteem,  than  they  are  amongst  us, 
ainco  a  commerce  has  been  opened  with  the  Indies.  The 
ancients  did  not  know  how  to  cut  and  polish  them  to  much 
perfection;  but  coloured  stones  were  not  scarce,  and  they  cut 
them  very  well  either  hollow  or  in  relief.  When  luxury  had 
gained  ground  amongst  them,  Uic  Romans  hung  pendants  and 
-pearls  in  their  ears;  and  for  this  purpose,  the  ears  of  both 
sexes  were  frequently  bored.     See  Ears. 

JEWEL-BLOCKS,  in  Sliipping,  two  small  bloeks,  which  are 
suspended  at  the  extremity  of  the  main  and  fore  top.sail-yards, 
by  means  of  an  eye-bolt  driven  from  without  into  the  middle  of 
the  yard-arm  parallel  to  its  axis.  The  use  of  these  blocks  is 
to  retain  the  upper  part  of  the  top-mast  studding-sails  beyond 
the  sheets  of  tlie  top-sails,  so  that  each  of  these  sails  may  have 
its  full  force  of  action,  which  woald  be  diminished  by  the 
encroachment  of  the  other  over  its  surface.  The  halliards,  by 
which  those  studding-sails  are  hoisted,  are  passed  through  the 
jewel-block,  whence,  communicating  with  a  block  on  the  top- 
mast-head, they  lead  downwards  to  the  top  or  decks,  where 
they  may  be  conveniently  hoisted. 

JEWS,  in  Church  History,  the  descendants  of  Judah  the  son 
of  Jacob,  and  of  the  Israelites,  commonly  denominated  the 
Twelve  Tribes  of  Israel.  This  name  was  first  given  to  those 
Jews  who  returned  from  the  captivity  of  Babylon,  because  the 
tribe  of  Judah  made  the  most  conspicuous  figure  among  them. 
The  following  is  a  summary  of  their  religous  creed :  1.  That  God 
is  the  creator  and  active  supporter  of  all  things.  2.  That  God 
is  one,  and  eternally  unchangeable.  8.  That  God  is  incorpo- 
real, and  cannot  have  any  material  properties.  4.  That  God 
shall  eternally  subsist.  6.  That  God  is  alone  to  be  worshipped. 
G.  That  whatever  has  been  taught  by  the  prophets  is  true.  7. 
That  Moses  is  the  head  and  father  of  all  contemporary  doctors, 
and  of  all  those  who  lived  before,  or  shall  live  after  him.  8. 
That  the  law  was  given  by  Moses.  9.  That  the  law  shall  always 
exist,  and  never  be  altered.  10.  That  God  knows  all  the 
thoughts  and  actions  of  men.  11.  That  God  will  reward  tlieob- 
servanee,  and  punish  the  breach,of  hislaw.  12.  That  the  Messiah 
is  to  come,  though  he  Urry  a  long  time.  13.  That  there  shall 
be  a  resurrection  of  the  dead  wbenOod  shall  think  fit.  In 
England,  in  former  times,  the  Jews  and  all  their  goods  belonged 
to  the  chief  lord  where  they  lived.  By  stat.  Edward  I.  the  Jews, 
to  the  number  of  15.000,  were  banished  out  of  England  ;  and 
never  returned  till  Oliver  Cromwell  re-admitted  them.  When- 
ever any  Jew  shall  present  himself  to  take  the  oath  of  abjuration 
in  pursuance  of  the  10  George  III.  c.  10,  the  words,  upon  the 
true  faith  of  a  Christian,  shall  be  omitted.  If  Jewish  parents 
refuse  to  allow  their  Protestant  children  a  maintenance  suit- 
able to  their  fortune,  the  Lord  Chancellor,  upon  complaint,  may 
make  such  order  therein  as  he  may  think  proper. 

Jews'  Harp,  in  Music,  an  instrument  well  known  among  the 
lower  classes  iu  this  country,  almost  the  only  musical  instra- 
■sent  made  use  of  by  tlie  inhabitants  of  the  island  of  St.  Kilda. 


JIB,  the  foremost  sail  of  a  ship,  beiBg  a  large 
extended  from  the  outer  end  of  the  bow->sprit,  proloogsd  by 
the  jib-boom  towards  the  fore-top-mast'bead.  lo  cotters  and 
sloops  the  jib  is  on  the  bowsprit,  and  extends  towards  the 
lower  mast-head.  The  jib  is  a  sail  of  great  command  with  any 
side  wind,  but  especially  when  the  ship  is  close-haaled,  or  has 
the  wind  upon  her  beam ;  and  its  effort  in  casting  the  ship,«r 
turning  her  head  to  leeward,  is  very  powerful  and  of  great 
utility,  particularly  when  the  ship  is  working  throagfa  a  nairav 
channel. — Flying  Jib,  a  sail  sometimes  set  upon  a  boon,  rig|^ 
out  beyond  the  jib-boom. — Middle  Jib,  a  similar  sail,  loae 
times  set  between  the  two  preceding,  being  extended  fron  the 
end  of  the  jib-boom,  while  the  inner  jib-tAok  is  near  half  way 
down  or  on  the  boom. 

JiB-BooM,  is  a  continuation  of  the  bowsprit  forward,  beiof 
run  out  from  the  extremity  in  a  similar  manner  to  a  *'y-'nwt 
on  a  lower-mast,  and  serving  to  extend  the  bottom  oftaejibfl 
and  the  stay  of  the  fore-top- gallant-roast.  It  is  usually  attaefced 
to  the  bowsprit  by  means  of  two  large  boom-irons,  or  by  aae 
boom-iron  and  a  cap  on  the  outer  end  of  the  l>owsprit,  or  b|  a 
cap  without,  and  a  strong  lashing  within,  instead  of  a  beam- 
iron,  which  is  generally  the  method  of  securing  it  in  .somII 
merchant  ships :  when  it  can  be  drawn  in  upon  the  bowfl|mt 
as  occasion  requires,  which  is  fre(]|uently  practised  when  Ihe 
ship  enters  a  harbour,  where  it  might  very  soon  be  broken  or 
carried  away,  by  the  vessels  which  are  moored  therein  or  pssi- 
ing  by  under  sail. — Flying  Jib-Boom,  is  a  boom  extended  beyosd 
tiie  preceding  by  means  of  tivo  boom-irons,  and  to  the  Csfe- 
most  end  of  which  the  tack  of  the  flying-jib  is  hauled  oat 

JIGGER,  a  machine  consisting  of  a  piece  of  rope  abootfTC 
feet  long,  with  a  block  at  one  end,  and  a  sheave  at  the  ellMr, 
used  to  hold  on  the  cable  when  it  is  heaved  into  the  sUj^kf 
the  revolution  of  the  windlass.  The  jigger  is  particnlarly  ue- 
ful  when  the  cable  is  either  slippery  with  mod  or  ooxe,orwkB 
it  is  stiff  or  unwieldy ;  in  hu\\\  of  which  cases  it  is  very  dificait 
to  stretch  it  back  from  the  windlass  by  hand,  which  bovefcris 
done  with  facility  and  expedition  by  means  of  the  jigger,  iaibi 
following  manner :  the  end  of  the  rope  to  whioh  tl^  sheave  is 
fastened  by  a  knot,  is  passed  round  the  cable  close  to  Hm 
windlass,  and  the  hind  part  of  the  rope  coming  over  the  sheave, 
is  stretched  aft  by  means  of  another  rope  passing  throagh  Ike 
iifUgeiAAook.  As  soon  as  the  last  rope  is  extended,  ih»  tsn 
of  the  former  about  the  cable  is  firmly  retained  in  its  pofitiso 
by  the  compression  of  its  bind  part  under  the  sheave,  actiag 
upon  what  may  be  called  the  neck  of  the  jigger. 

Fleet  Jigger,  a  term  used  by  the  man  who  holds  on  the  jig- 
ger, when,  by  its  distance  from  the  windlass,  it  becosBes  necat- 
sary  to  fleet  or  replace  it  in  a  proper  state  of  action,  for  as  the 
cable  continues  to  be  heaved  into  the  ship,  it  is  evident  that 
the  jigger,  which  is  fastened  on  a  particular  part  thereof, 
stretching  it  back,  will  be  removed  further  aft,  by  every  torn  of 
the  windlass,  and  the  effort  of  the  jigger  will  be  lessened  in 
proportion  to  its  distance  from  the  windlass;  aooordiagij, 
when  the  man  gives  the  above  notice,  anotlter  at  the  wiadlasf 
immediately  fixes  his  handspike  between  the  deck,  and  the 
cable,  so  as  to  jam  the  latter  to  the  windlass,  and  preveat  it 
from  running  out  till  the  jigger  is  replacc^d  near  tlie  windlass. 

JiGGER-7aci&/e,  a  light  small  tackle  consisting  of  a  desUe 
and  a  single  block,  and  used  by  seamen  on  sundry  occasiosi. 

JOBBER,  a  person  who  undertakes  jobs,  or  small  pieces  of 
work.  In  some  statutes,  joiner  is  used  for  a  person  who  baji 
and  sells  for  others,  and  is  equivalent  to  broker.  Hesse 
jobbing,  the  business  of  a  jobber. 

Stock  Jobbing  denotes  the  practice  of  traflioking  in  the  pa^ 
lie  funds,  or  of  buying  and  selling  stock  with  a  view  to  its  riir 
or  fall.  The  term  is  commonly  applied  to  the  illegal  praelioeof 
buying  and  selling  stock  for  time,  or  of  accountinc  for  the  dif- 
ferences in  the  rise  or  fall  of  any  particular  stock  for  a  slipo- 
lated  time,  whether  the  buyer  or  seller  be  possessed  of  any  sack 
real  stock  or  not.    See  Srocf^  Broker, 

JOINERY,  the  art  of  working  in  wood,  or  of  fitting  vaiiois 
p<rces  of  timber  together.  It  is  called  by  the  French  sfsall 
work,  to  distinguish  it  from  carpentry,  which  is  employed aboot 
large  works.    See  Architecture,  Building,  and  Uofsc 

JOINT,  in  general,  denotes  the  juncture  of  two  or  oMiie 
things.    The  joints  of  the  buman  body  are  called  by  aaalnoisti 
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the  benefit  of  cler^^y.  For  when,  apon  a  capital  charjce,  the 
jury  have  broufrht  in  their  ▼erdict  *  guilty'  in  the  presence  of  the 
prisoner,  he  i.s  either  immediately,  or  at  a  convenient  time  soon 
after,  asked  by  the  court,  if  he  has  any  thinfi^  to  offer  why  Judge- 
ment should  not  he  awarded  a«:aii)st  him  ?  And  in  case  the 
defendant  be  found  guilty  of  a  misdemeanor,  (the  trial  of 
which  may,  and  does  usually,  happen  in  his  absence,  after  he 
has  once  appeared,)  a  capias  is  awarded  and  issued,  to  bring 
bim  in  to  receive  his  judgment;  and  if  he  absconds,  he  may  be 
prosecuted  even  to  outlawry.  But  whenever  he  appears  in 
person,  upon  either  a  capital  or  inferior  conviction,  he  may  at 
this  period,  as  well  as  at  his  arraignment,  offer  any  exceptions 
to  the  indictment,  in  arrest  or  stay  of  judgment;  as,  for  want  of 
suflicicnt  certainty  in  setting  forth  either  the  person,  the  time, 
the  place,  or  the  offence.  And  if  the  objections  be  valid,  the 
whole  proceedings  shall  be  set  aside:  but  the  party  maybe 
indicted  again;  and  even  may  take  notice,  1.  That  noneof  the 
statutes  oijvofaiisy  for  amendment  of  errors,  extend  to  indict- 
ments, or  proceedings  in  criminal  cases  ;  and  therefore  a  defec- 
tive indictment  is  not  cited  by  a  verdict,  as  defective  plead- 
ings in  civil  cases  are.  2.  That  in  favour  of  life,  great  strict- 
Dcss  has  at  all  times  been  observed,  in  every  point  of  an  indict- 
ment. Sir  Mattliew  Hale  indeed  complains,  *'  that  this  strict- 
ness is  grown  to  be  a  blemish  and  inconvenience  in  the  law 
and  the  administration  thereof;  for  that  more  offenders  escape 
by  the  ever-easy  ear  given  to  exceptions  in  indictments,  than 
by  their  own  innocence ;  and  many  times  gross  murders, 
burglaries,  robberies,  and  other  heinous  and  crying  offences, 
remain  unpunished  by  these  unseemly  niceties,  to  the  reproach 
of  the  law,  to  the  shame  of  the  government,  to  the  encourage- 
ment of  villauy,  and  to  the  dishonour  of  God."  And  yet,  not- 
withstanding this  laudable  zeal,  no  man  was  more  tender  of 
life  than  this  truly  excellent  jiidjre.— A  pardon  also  may  be 
pleaded  in  arrest  of  judgment;  and  it  has  the  same  advantai^e 
when  pleaded  herens  when  pleaded  upon  arraignment ;  viz.  the 
saving  the  attainder,  and,  of  course,  the  oorrnption  of  blood  ; 
which  nothing  can  restore  but  parliament,  when  a  pardon  is 
not  pleaded  till  after  sentence.  And  certainly,  upon  all 
accounts,  when  a  man  hath  obtained  a  pardon,  he  is  in  the 
right  to  plead  it  as  soon  as  possible.    See  Pardon. 

Praying  the  benefit  of  clergy,  may  also  be  ranked  among  the 
motions  in  arrest  of  judgment.    See  Benefit  of  Clergy. 

If  all  the  resources  fail,  the  court  must  pronounce  that  judg- 
ment which  the  law  hath  annexed  to  the  crime.  Of  these, 
some  are  capital,  which  extend  to  tlie  life  of  the  offender,  and 
consist  generally  in  being  hanged  by  the  neck  till  dead  ;  though 
in  very  atrocious  crimes  other  circumstances  of  terror,  pain,  or 
disgrace,  are  superadded,  as,  in  treasons  of  all  kinds,  being 
drawn  or  dragged  to  the  place  of  execution :  in  high  treason 
committed  by  a  female,  the  judgment  is,  to  be  burned  alive. 
But  tiie  humanity  of  the  English  nation  has  authorized,  by  a 
tacit  consent,  an  almost  general  mitigation  of  such  parts  of 
these  judgments  as  savour  of  torture  or  cruelty :  a  sledge  or 
hurdle  being  usually  allowed  to  such  traitors  as  are  condemned 
to  be  drawn ;  and  there  being  very  few  instances  (and  those 
accidental  or  by  negligence)  of  any  person's  being  embowelled 
or  burned,  till  previously  deprived  of  sensation  by  strangling. 
Some  punishments  consist  in  exile  or  banishment,  by  abjura- 
tion of  the  realm,  or  transportation  beyond  the  seas  ;  others  in 
loss  of  liberty,  by  perpetual  or  temporary  imprisonment.  Some 
extend  to  confiscation  by  forfeiture  of  lands  or  moveables,  or 
both,  or  of  the  profits  of  lands  for  life ;  others  endure  a  disabi- 
lity  of  holding  offices  or  employments,  being  heirs,  executors, 
and  the  like.  Some,  though  rarely,  occasion  a  mutilation  or 
dismembering,  by  cutting  off  the  hand  or  ears :  others  fix  a 
lasting  stigma  on  the  offender,  by  slitting  the  nostrils,  or  brand- 
ing in  the  hand  or  face.  Some  are  merely  pecuniary,  by  stated 
or  discretionary  fines ;  and,  lastly,  there  are  others  that  con- 
sist principally  in  their  ignominy,  though  most  of  them  are 
mixed  with  some  degree  of  corporeal  pain,  and  these  are 
infiicted  chiefly  for  such  crimes  as  either  arise  from  indigence, 
or  render  even  opulence  disgraceful ;  such  as  whipping,  hard 
labour  in  the  house  of  correction,  the  pillory,  the  stocks,  and 
the  ducking-stool.  Disgusting  as  this  catalogue  may  seem,  it 
will  afford  pleasure  to  a  British  reader,  and  do  honour  to  the 
British  laws,  to  compare  it  with  that  shocking  apparatus  of 


death  and  torment,  to  be  met  witb  io  the  criminal  codes  of 
almost  every  other  nation  in  Europe.  And  it  is  moreover  one 
of  the  glories  of  our  laws,  that  the  nature,  not  always  theqaaa- 
tity  or  degree,  of  punishment  is  ascertained  for  every  offence ; 
and  that  it  is  not  left  in  the  breast  of  any  judge,  nor  even  of  a 
jury,  to  alter  that  judgment  which  the  law  has  beforehand 
ordained  for  every  subject  alike,  without  respect  of  persons. 
For  if  judgment  were  to  be  the  private  opinions  of  tbe  jate, 
men  would  then  be  slaves  to  their  magistrates,  and  woald  hve 
in  society  without  knowing  exactly  the  conditions  and  obliga- 
tions which  it  lays  them  under.  And,  besides,  as  this  preventi 
oppression  on  the  one  hand,  so  on  the  other,  it  stifles  all  hopes 
of  impunity  or  mitigation  with  which  an  offender  might  flatter 
himself,  if  his  punishment  depended  on  the  hamoorand  disere- 
tion  of  the  court.  Whereas,  where  an  established  penalty  is 
annexed  to  crimes,  the  criminal  may  read  their  certain  con- 
sequence in  that  law,  which  ought  to  be  the  anvaried  rule,  as 
it  U  the  inflexible  judge  of  his  actions. 

JUGLANS.  in  Botany,  Walnut  Tree,  a  genas  of  the  noncficia 
poly  and  ria  class  and  order.  Natural  order  of  ameotacfv. 
Terebintaceae,  Jussieo.  There  are  eight  species,  of  whidi  3. 
regia,  common  walnut,  is  a  very  large  and  lofty  tree,  with  strtng 
spreading  boughs.  There  are  several  varieties,  bnt  they  all 
vary  again  when  raised  from  the  seed,  and  nats  from  the  same 
tree  will  produce  different  fruit.  The  wood  is  in  great  request, 
on  account  of  its  fine  grain  and  colour.  The  hosks  and  leaves 
being  macerated  in  warm  water,  and  the  liqnor  poured  on  grass 
walks  and  bowling-greens,  will  infallibly  kill  the  vrorms,  witbont 
endangering  the  grass. 

JUGULARES,  in  Natural  History,  an  order  of  fishes  accord- 
ing to  the  Linnaean  system.  They  have  their  ventral  fins  sitvated 
before  the  pectoral  fins, and  as  it  were  under  the  throat  Their 
body  is  sometimes  covered  with  scales,  and  sometimes  apt 
With  a  very  few  exceptions,  they  have  spines  in  the  dorsal  tod 
anal  fins,  and  their  gills  have  bony  rays.  Of  this  order  are 
the  following  genera;  blenius,  callyonumos,  gadas,  korfels, tra- 
chinns,  uranoscopus. 

JUICE,  denotes  the  sap  of  vegetables,  or  the  liquors  of 
animals,  ^'^e  Anatomy,  Blood,  Plants,  Sap,  &c.  Thejuiees 
of  several  plants  are  expressed,  to  obtain  their  essential  salts, 
and  for  several  medicinal  purposes,  with  intention  either  to  ^ 
used  without  further  preparation,  or  to  be  made  into  synips 
and  extracts.  The  general  method  of  extracting  these  juiees 
is,  by  pounding  the  plant  in  a  marble  mortar,  and  then  by  pot- 
ting it  into  a  press.  Thus  is  obtained  a  moddy  and  green 
liquor,  which  generally  requires  to  be  clarified^  as  we  shall  sood 
observe.  Juices  which  are  not  acid,  and  not  very  mucila- 
ginous, are  spontaneously  clarified  by  rest  and  gentle  heat- 
Fermentation  is  also  an  effectual  method  of  clarify ingjoieef 
which  are  susceptible  of  it ;  for  all  liqaors  whieh  have  fcr- 
mented.  clarify  spontaneously  after  fermentation.  Thejviees, 
especially  before  they  are  clarified,  contain  almost  all  Ibe 
same  principles  as  the  plant  itself,  because  in  the  operatleD 
by  which  they  are  extracted,  no  decomposition  happ^s,  bat 
every  thing  remains,  as  to  its  nature,  in  the  sam'e  state  as  in  tbe 
plant.  Most  vegetable  juices  coagulate  when  they  are  exposed 
to  the  air,  whether  they  are  drawn  out  of  the  plant  by  wiAnids. 
or  naturally  run  out;  though  what  is  called  naturally  ruBriaf; 
out,  is  generally  the  effect  of  a  wound  in  the  plant,  from  a  sort 
of  canker,  or  some  other  internal  cause.  Different  parts  of  tbe 
same  plant  yield  different  juices. 

Among  those  juices  of  vegetables  which  are  clammy  asd 
readily  coagulate,  there  are  some  which  readily  break  witb  a 
whey.  The  great  wild  lettuce,  with  tbe  smell  of  opium,  yields 
the  greatest  plenty  of  milky  juice  of  any  known  British  plant 
These  juices,  as  well  as  the  generality  of  others  w  hicfa  bleed 
from  plants,  are  white  like  milk,  but  there  are  some  of  otber 
colours.  The  juice  of  the  great  celandine  is  of  a  fine  yrllov 
colour;  it  flows  fVom  the  plant  of  the  thickness  of  eream,  sad 
soon  dries  into  a  hard  cake,  without  any  whey  separating  firoa 
it.  Another  yellow  juice  is  yielded  by  the  seed-vessels  of  the  yel- 
low centaury  in  the  month  of  July,  when  the  seeds  are  full-grovB. 
This  is  very  clammy  ;  it  soon  hardens  altogether  into  a  cake, 
without  any  whey  separating  from  it  Another  kind  of  juices, 
very  different  from  all  these,  are  those  of  a  goramy  nalare. 
Some  of  these  remain  liquid  a  loo;  time,  and  are  not  to  bt 
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dried  without  tlie  assistance  of  heat;  and  oilicra  vrry  quickly 
harden  of  themselves,  and  are  not  inllaoauiablo.  Some  plants 
}itfld  juices  nhirh  are  niaoifcstly  of  an  oily  nature.  These, 
when  rubbed,  are  not  at  all  of  a  clammy  nature,  but  make  the 
Bnffers  glib  and  slippery,  and  do  not  at  all  harden  on  bcinip 
exposed  to  the  air.  If  the  stalk  of  elecampane  be  wounded, 
there  flows  out  an  oily  juice  swimmiofc  upon  a  watery  one. 
The  stalks  of  the  hemlock  also  afford  a  similar  oily  liquor  swini- 
mjog  upon  the  other ;  and  in  like  manner  the  white  mullein, 
the  berries  of  ivy,  the  bay,  juniper,  and  the  fruit  of  the  olive, 
when  wounded,  shew  their  oil  floating  on  the  watery  juice. 
Some  of  these  oily  juices,  however,  harden  into  a  kind  of  resin. 

JULIAN  Calendar,  Epock-^Perwd—Year^  k^c.  Set  the  re. 
■pective  articles. 

JULY,  (he  iieveuth  month  of  the  year;  durinflr  which  the  sun 
enters  the  sifi;n  Leo,  The  word  is  derived  from  the  Latin 
jTit/tiM,  the  surname  of  Gains  Julius  Cvsar,  the  dictator,  vilio 
was  born  in  it*  Marc  Antony  first  gave  this  month  the  name 
July,  which  before  was  called  Quinlilis.  as  bciiiK  the  fifth  month 
of  the  year  in  the  old  Koman  kalendar  established  by  Romulus, 
which  beg;an  in  the  month  of  March.  For  the  same  reason, 
Augast  was  called  Sextilis;  and  September,  October,  Novem« 
ber,  and  December,  still  retsin  the  name  of  the  first  rank. 

On  the  tOth  day  of  this  month  the  doic-days  are  commonly 
anpposed  to  bepn;  when,  aceordinf;  to  Hippocrates  and  Fliny, 
the  sea  boils,  wine  turns  sour,doKS  ko  mad,  the  bile  is  inereased 
•od  irritated,  and  all  animals  decline  and  languish. 

Tie  Kmltntdmr  tf  Animattd  ^aiurt  round  Londan  for  this 
month.  The  curkoo  loses  her  voice;  the  atone  ourlew  whis- 
tles occasionally  late  at  night ;  the  fcolden- crested  wren  chirps ; 
tho  qoail  calls ;  the  cuckoo-spit  or  fropj^-hopper  abounds ;  younu 
frocs  migrate;  the  great  horse-fly  appears;  and  young  par- 
triugcs  fly. 

In  the  Kalendar  of  Vrffetable  AWare,  we  see  enchanter's 
nightshade,  lavender,  pinks,  and  carnations,  in  bloom.  Hasp- 
berries  and  gooseberries  are  now  ripe,  potatoes  are  in  Ouwcr, 
and  asparagus  in  berry,  and  truffle  may  now  be  dug  up  in  com- 
lu-ins  and  forests.  But  for  Uie  various  productions  of  ibis  sea- 
son, the  reader  must  consult  works  which  ^ive  them  in  detail. 

JUMP,  in  Mining,  is  one  among  the  numerous  appellations, 
which  the  diidocalions  of  the  strata  have  received  from  the 
practical  miners  of  diflerent  districts.  The  process  or  convul- 
sion of  nature,  is  frequently  called  "  The  hear  in  ff  of  ike  lode" 
and  exhibits  a  plu-nomenoo  in  mining,  which  the  science  of 
usineralogy  has  not  yet  been  able  to  solve. 

JUMPER.  This  is  a  name  given  to  a  long  iron  tool  with  a 
steel  chisel-like  point,  much  used  in  mines,  for  drilling  or 
boring  of  holes  in  rocks  which  are  to  bo  blastc<l  with  g«in- 
powder.  Some  have  confounded  this  instrument  with  another, 
generally  called  a  Gad*  The  Gad,  however,  is  a  diO'erent  tool, 
having  no  connexion  with  the  holes  bored  to  be  used  in  the 
blasting  process.  In  some  places.  Jumper  and  Borer  are 
terms  of  synonymous  import,  applied  promiscuously  to  the 
same  tool.  The  term  Juniper  is  also  given  to  a  Christian  sect 
well  known  in  Wairs,  and  remarkable  for  their  ecrentiicity. 

J  UNCI  LAPIDEI,  in  Natural  History,  the  name  gi\pn  by 
authors  to  a  species  of  fossil  coral  of  the  tabu  1  aria  kind,  mid 
composed  of  a  congeries  of  small  tubules,  whicli  arc  usually 
round  and  htriated  within* 

JUNCTLKE,  in  Oratory,  is  a  part  of  composition  partiru. 
larly  recommended  b\  Quintilian,  and  denotes  surh  an  altrn- 
tioa  to  the  nature  of  the  vowels,  consonants,  and  syllables,  in 
the  coDBC&ion  of  words,  with  rrgnrd  to  their  souiii!,  as  will 
render  their  pronunciation  most  easy  and  pleasant,  ami  best 
promote  the  harmony  of  the  sentence.  Thus,  the  coalitimi  of 
two  vowels  occasioning  a  hollow  and  obscure  sound,  nod  likr- 
wiso  of  some  consonants  rendering  it  harsh  and  rou);h.  ^liuuld 
be  avoided;  nor  should  the  same  s> liable  be  repeated  at  the 
beginning  and  end  of  words,  because  the  sound  becomes  hereby 
liarsh  and  unpleasant. 

J  UNCUS,  the  Kuth,  n  genus  of  plants  belonging  to  the 
he&andria  clas^ ;  and  in  the  natural  method  ranking  under  the 
Ijflh  order  Tripetaloidca*.    Str  UorAW. 

JUNK,  the  sixth  month  «f  the  year,  during  which  the  sun 
cnlcrrs  the  sign  (*ancer.     In  this  nnuith  is  tlic  xiiiinicr  solstirc. 
Camc  ULy  tho  Vrmkf  (page  11*2,)  for  the  astiouuuiical  and 
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physical  relation  of  June.  The  won!  is  from  Jniiius  or  4 
Junone^  for  the  goddess  says  in  K}\'\^,  Jwnias  A  nnttn*  nomine 
nomen  hahei.  There  are,  however,  two  other  tcii>irs  that  solicit 
oar  attention  here,  and  wc  shall  therefore  develop  them  in 
the  sequel  of  this  article. 

1.  Kalendar  for  this  month,  in  the  soath  of  Britain,  in  Ani- 
mated Afflvrc,  daring  the  lirst  week, we  see  the  wasp,  and  sevrral 
species  of  the  bee  and  botterfly  tribes,  with  the  hedge-sparrow 
and  fly-catcher.  In  the  second  week,  the  Imniot  moth  and 
forest  fly  show  themselves,  and  hers  swann.  In  the  third  werk, 
flies,  butterflies,  moths,  beetles,  and  other  insects  appear.  In 
the  ftiurth  week,  insects  abound,  singing  birds  bepin  to  I'tire 
to  the  woodA,  and  lose  their  xoni;. 

2.  The  Kalendar  of  Vei/etablr  iS'tUure  roond  London.  In  the 
first  week,  water-lilies  flnwer.  and  numerous  i»iher  plants.  In 
the  second  week,  the  %ine,  ra.«pherry.  and  elder  are  in  llnwfr. 
Scotch  roses,  broom,  and  nettle  flower:  and  wheat  is  now  in 
the  ear.  In  the  third  week,  a  great  variety  fif  plants  flower, 
also  many  of  the  pasture  grasses  and  late  wheats.  In  the 
fourth  week,  currants  ripen,  strawberries  ahonnd,  ynung 
.shoots  of  trees  and  shrubs  attain  their  l<*ngth ;  oats  find  b.'irley 
flower,  kc.-^Kor  iiariieiiiui.'i  which  rclafe  to  the  kitehen  «^;ir« 
den.  to  fruit  trees,  to  flowers,  tu  pleasure  ;rroiinds.  and  >hrijt»« 
beries,  wc  must  refer  the  re:uler  to  treatises  wiitten  prolesisetily 
on  these  subjects. 

JUNGEUM.WNI  \,  in  Bot.iny,  a  cr\ptoganiia  genus  of 
plants,  very  numerous  in  species,  as  well  as  distinrt  in  eha- 
racter.  It  was  thus  named  b\  Huppius  and  Mieheli,  who  have 
been  followc<l  by  all  botani.Hts  since  their  d.-iy.  in  honour  of 
Lewis  Jungerinann,  professor  of  hutiiny  at  Altdnrf,  and  after- 
wards at  Giessen,  in  the  early  part  of  ttio  seventeenth  century. 
The  plants  of  this  genus  ha\c  hitherto  been  but  inaccurately 
defined. 

JUNOIA.  in  Botany,  so  named  by  tho  yoanger  Linnn'ii*(,  in 
memory  of  Joaehini  Jungius,  a  learned  German  botanist,  of 
the  «e vent ce nth  eentury. 

JUNli'.V,  in  Botany,  the  name  of  a  tree  of  the  Caril)hre 
Island.s,  and  Nomc  oiU'-r  p.'aees.  to  w liich  peciiliiir  pro|)citirs 
are  ascribed.  The  fniii  is  said  to  yield  a  juice  as  elenr  as 
water,  whieh  e.ommunica'is  a  line  purple  dye.  but  being  rubbed 
twice  on  the  same  .spot,  the  purple  v,\\i'B  place  to  black.  This 
singular  tincture,  aecordiiii;  to  report,  eanmit  be  ^ot  out  by 
soiip  or  any  other  metlind  of  clennsiog.  and  yet.  after  about  nine 
or  ten  days,  the  colour  uhuU}  disappears  of  it»  own  aeeord. 
The  same  authors  who  vourli  fur  Uie  above  propertifs,  iilhn 
assert,  that  hos^s  and  piirrots  feeding  on  this  fruit.  li:i\e  tlicir 
fle.Hh  and  fat  all  tinged  throughout  of  a  violet  colour. 

JUNIPKHl'S,  in  Btitnny,  Juniper  Trrv.ii  fsenus  of  the  dir. 
eia  nionadelphin  class  ami  order.  Natural  order  of  eonitei.:>. 
There  arc  twelve  species:  sonic  of  thi'.se  arc  luftv  h;inil«o:ii» 
trees;  but  the  e.ominou  juniper  is  a  b»w  shrub,  seldom  more 
than  three  feet  in  hei;;ht.  The  female  flowers  are  sueeeedi'd  by 
roundish  berries,  at  lirht  ^reeu,  anil  w-li«>n  lipe  ofa  dark  purple 
coltiur.  They  continue  on  the  bu«h  two  years,  and  are  sessik* 
in  the  axil  of  the  leaves.  Juniper  iscnmniun  In  all  the  northern 
parts  of  Europe.  The  berries  have  a  ntront:  smfll .  ;ind  a  wpiiu 
pungent  sweet  taste,  followed  by  a  bitiiiixh  one- 

JINK,  any  remnants  or  picres  of  old  e.ilile.  whieh  are  n^ii- 
allv  cut  for  the  purpose  of  making  I'oi.nm.  M«rs.  GtsM  is, 
Si.NMT.  &e.  whieb  M'e. 

J  I' NO.  Under  the  artirle  A^trmifimy.  a  few  nliservniifiis 
were  m:ifle  on  this  pliinf*!.  to  whieh  ue  now  make  ihe  t'niinw- 
ini;  aitttiliurv  Juiio  i«  <»ituaied  between  the  orbit^i  («!'  Miir'C -iriil 
Jupiter.  WH.S  <iisro\errd  by  Mr.  Ilardinjr  :it  the  iilixfi\:iloi)  nf 
Lilieiithul,  n«"ir  Bremen,  on  the  evening  of  the  i.rst  I'l  Septi-ni- 
brr,  ISlit.  While  this  astronomer  was  furuiiiii;  an  uiI.m  o(  all 
the  stars,  as  far  as  the  eighth  magnitude,  wliie!i  im**  iir-ir  tlii; 
orbits  of  Ceres  and  I'allas.  he  observed,  in  t' r  i"  ,.i,-!|jiti<iii 
Pisecs.a  small  star  of  the  eii;hth  mngnitude.ulii>  h  u  .%..■(  n>(  :i- 
tionediiithe  "  Histoire  rcli*ste'*of  La  Landc;  niidtn  ni^  i:;iinrant 
of  its  longitude  and  latitude,  he  put  it  di)W  n  in  hiit  eh:irt  ^^  neatly 
as  he  could  estimate  with  bis  eye.  Two  da)s  alterwnriN  th*^ 
Ktar  disappeared,  but  he  perceived  anothi  r  whieh  I'- h.iil  imt 
seen  before,  resembling  the  flrHi  in  sixi*  and  lulour.  and  >miih* 
ted  a  little  to  the  sonth-wrst  of  its  plaer.  lie  obseivi-d  ituenin 
on  the  .'>th  of  September,  and  linding  that  it  had  inured  u  liuiu 
OU 


534 


V  R 


DICTIONARY    OF   MJSCUANICAL  SCIBNCE. 


JUS 


farther  to  the  soalh-westy  lie  concluded  that  this  »tar  belonged 
to  th6  planetary  s>stero. 

The  planet  Jano  U  of  a  reddish  coloar,  and  is  free  from  that 
nebulosity  which  surrounds  Pallas.  Its  diameter,  and  its  mean 
distance,  are  less  than  those  of  the  other  new  planets.  It  is 
distinguished  from  all  other  planets  by  the  great  eccentricity  of 
its  orbit;  and  the  effect  of  this  is  so  extremely  sensible,  that  it 
pas!ies  over  that  half  of  its  orbit,  which  is  bisected  by  its 
perihelion,  in  half  the  time  that  it  employs  in  describing  the 
other  half,  which  Is  farther  from  the  sun.  From  the  same 
cause,  its  greatest  distance  from  the  sun  is  double  the  least 
distance,  the  difference  between  ihc  two  distances  being  about 
127  millions  of  miles.  Though  there  is  no  nebulous  appearance 
around  the  planet  Juno,  yet  it  appears,  from  the  observations 
of  Schroeter,  that  it  mu:>t  have  an  atmosphere  more  dense  than 
that  of  any  of  the  old  planets  of  the  system.  A  very  remarkable 
'variation  in  the  brilliancy  of  this  planet  has  been  observed  by  tiiis 
astronomer.  He  attributes  it  chiefly  to  changes  that  are  going  on 
in  its  atmosphere,  though  he  thinks  it  not  improbable  that  these 
changes  may  arise  from  a  diurnal  rotation  performed  in  27 
hours.    The  following  elements  were  calculated  by  Buckhardt. 

Mean  longitude,  31st  Dec.  1»04,  noon !•  l^^'  ir  93* 

Place  of  ascending  node   6«  21°    &    0" 

Place  of  perihelion  in  1806 !•  20°  4^^  23" 

Eccentricity 0-26006 

Inclination  of  orbit 21<»  (T 

Ditto 13<»4' 

Mean  distance 2.067 

Diameter  in  English  miles,  according  to  Schroeter  1425   

Apparent  mean  diameter,  as  seen  from  the  earth, 

according  to  Schroeter • 3'''057 

JUPITER,  among  Alchemists,  signifies  the  philosopher's 
gold.  The  gentlemen  of  this  profession  apply  every  thing  to 
their  art  which  the  m^thologists  mention  of  the  god  Jupiter, 
asserting  that  the  ancient  fables  are  only  to  be  understood  in  a 
figurative  sense. 

Jupiter,  and  his  Satellites.    See  Astronomy. 

JURATS,  magistrates  in  the  nature  of  aidermcn^  for  the  go- 
vernment of  several  corporations. 

JURIES,  in  Common  Law,  consist  of  twelve  or  twenty-four 
men,  sworn  to  inquire  into  facts,  and  declare  the  truth  upon 
such  evidence  as  shall  appear  before  them.  Trial  by  jury  is 
very  ancient  in  this  country.  It  seems  to  have  been  coeval 
with  the  existence  of  its  civil  government;  and  some  authors 
liave  endeavoured  to  trace  their  establishment  up  so  high  as 
the  ancient  Britons.  It  is  certain  that  while  the  Saxons  held 
dominion  among  us,  juries  were  well  known,  and  some  have 
ascribed  their  origin  to  Woden,  their  great  legislator  and  cap- 
tain. Juries  are,  in  these  kingdoms,  the  supreme  judges  in  all 
courts  and  in  all  causes,  in  which  either  the  life,  property,  or 
reputation,  of  any  man  is  concerned.  This  is  the  distinguish- 
ing privilege  of  every  Briton,  and  one  of  tho  most  glorious 
advantages  of  our  constitution ;  for  as  every  one  is  tried  by  his 
peers,  the  meanest  subject  is  as  safe  and  as  free  as  the  greatest. 
See  the  article  Trial. 

JURISDICTION,  a  power  or  authority  which  a  man  has  to 
do  justice  in  cases  of  complaint  made  before  him.  There  are 
two  kinds  of  jurisdiction,  the  one  ecclesiastical,  the  other  secular. 

5«ct4/ar  Jurisdiction,  belongs  to  the  king  and  his  justices 
or  delegates.  The  courts  and  judges  at  Westminster  have 
jurisdiction  all  over  England,  and  are  not  restrained  to  any 
county  or  place ;  but  all  other  courts  are  confined  to  their  par- 
ticular jurisdictions ;  the  first  is  tenere  vlacita^  to  hold  pleas,  and 
the  plaintiflfmay  sue  either  there  or  in  the  king's  courts.  An- 
other is  the  cognizance  of  pleas,  where  a  ri{!^ht  is  invested  in 
the  lord  of  the  franchise  to  hold  pleas ;  and  is  the  only  person 
that  can  take  advantage  of  it,  by  claiming  his  franchise.  The 
third  sort  is  an  exempt  jurisdiction,  as  where  the  king  grants 
to  some  city,  that  the  inhabitants  shall  be  sued  within  their 
city,  and  not  elsewhere,  though  there  is  no  jurisdiction  that 
can  withstand  a  certiorari  to  the  superior  courts. 

Ecclesiastical  Jurisdiction,  belongs  to  bishops  and  their 
deputies.  Bishops,  &c.  have  two  kinds  of  jurisdiction ;  the  one 
internal,  which  is  exercised  over  the  conscience  in  things  purely 
spiritual;  and  this  they  are  supposed  to  hold  immediately  of 


God.  The  other  is  conteoUont,  wliich  it  a  prifilege  looe 
princes  have  given  them  of  terminatifig  dtsputes  •  betwcvi 
ecclesiastics  and  laymen. 

JURISPRUDENCE,  the  science  of  whatia  jiui  oraajut; 
or  the  knowledge  of  laws^  rights,  ciisti0inSrStatute««4sc.  acce** 
sary  for  the  administration  of  justice.    Set  Law* 

JUROR,  JuRAToa,  in  a  legal  sense,  ui  one  of  those  twenty- 
four  or  twelve  men  who  are  aworn  to  deliver  irolb  apoa  tadi 
evidence  as  shall  be  given  them  touching  any  luatter  in  qets- 
tion.  The  punishment  of  petty  jur^Mrs  attainted  of  giving  a 
verdict  contrary  to  evidence,  willingly,  is  very  f evere, 

JURY,  a  certain  number  of  men  swora  to  inquire  ialaaad 
try  a  matter  of  fact,  and  to  declare  the  truik  upoa  stidi  evi- 
dence as  shall  appear  before  them. 

JURYMASTy  a  temporary  or  oceasionoj  mast,  erected  in  a 
ship  in  the  place  of  one  that  has  been  carried  away  by  tempest, 
battle,  &^.  Jury  masts  are  sometimes  erected  iu  a  new  ship,  te 
navigate  her  down  the  river,  or  to  a  neighlMMirtng  port,  vim 
her  proper  masts  are  prepared  for  her. 

JUSTICE,  in  a  moral  sense,  is  one  of  the  foar  cardinal 
virtues,  which  gives  ever^  person  his  due*  Civilians  distin- 
guish justice  into  two  kinds,  comimimciKise  and  di$uihmtm. 
The  former  establishes  fair  dealing  in  the  mutual  conMeret 
between  man  and  man  ;  and  includes  sincerity  in  oar  diccovse, 
and  integrity  in  our  dealings.  The  effect  of  fiioocHty  is  motaai 
confidence,  so  necessary  among  tbc  members  of  the  aame  eoia- 
munity  ;  and  this  mutual  confidence  is  sastained  and  preserved 
by  tlie  integrity  of  our  conduct.  DistributiTe  justice  is  Uwt  hj 
which  the  differences  of  mankind  are  decided,  aocording  to  ibe 
rule  of  equity.  The  former  is  the  justice  of  individuals;  the 
latter,  of  priuces  and  magistrates.  Fidelity  and  tnitli  are  the 
foundation  of  justice.  As  to  be  perfectly  jast  is  ao  attribote 
of  the  Divine  nature — to  be  so  to  tlie  utmost  of  oar  ability,  it 
the  glory  of  man. 

Justice,  is  also  an  appellation  given  to  a  person  deputed 
by  the  king  to  administer  justice  to  his  subjecta ;  vhase  aeiho- 
rity  arises  from  his  deputation,  and  not  by  right  of  magistrac? . 
Of  these  justices  there  are  various  kinds  in  England,  rt;. 

Chief  Justice  vf  the  Court  of  King* s  Bench,  is  tho  capital  jus- 
tice of  Great  Britain,  and  is  a  lord  by  bis  oflBce.  His  bosiness 
is  chiefly  to  hear  and  determine  all  pleas  of  the  crown ;  that  15, 
such  as  concern  offences  against  tlie  crown,  dignity,  and  peac« 
of  the  king ;  as  treason,  felonies,  &c.  The  o^er  was  formerly 
not  only  chief  justice,  but  also  chief  baron  for  the  exchequer, 
and  master  of  the  court  afterwards.  He  usual^*  sat  in  the 
king's  palace,  and  there  executed  that  office  formerly  per- 
formed per  comitem  palatii ;  he  determined  in  that  place  all  the 
diflcrences  happening  between  the  barons  and  other  great 
men.  He  had  the  prerogative  of  being  vice-regent  of  tbc 
kingdom  whenever  the  king  went  beyond  sea,  and  was  osoallj 
chosen  to  that  office  out  of  the  prime  nobility  ;  bnt  his  power 
was  reduced  by  king  Richard  I.  and  king  Edward  I.  His  oOier  is 
now  divided,  and  his  title  changed  from  capiialis  Angleet  JMsti- 
ciarius,  to  capitalis  justiciarius  ad  placita  coratn  retfC  tencnaa,  or. 
capitalis justiciar ius  banci  regii, 

Cfiiff  Justice  of  the  Common  Pleas,  he  who  with  his  assistaots 
hears  and  determines  all  causes  at  the  common  law  ;  that  is  to 
say,  all  civil  causes  between  persons,  as  well  personal  as  resi; 
and  he  is  also  a  lord  by  his  office. 

Justices  of  Assize,  were  such  as  were  wont  by  special  coo- 
mission  to  be  sent  to  this  or  that  county  to  take  assize  for  tbe 
ease  of  the  subjects.  For,  whereas  these  actions  pass  alvaji 
by  jury,  so  many  men  might  not  withoot  great  damage  aod 
charge  be  brought  up  to  London;  and  therefore  justices, for 
this  purpose,  by  commissions  particularly  authorised,  were 
sent  down  to  them.  These  continue  to  pass  the  circuit  by  two 
and  two  twice  every  year  through  all  England,  except  the  foor 
northern  counties,  where  they  go  only  once,  despatching  their 
several  businesses  by  several  commissions,  for  they  have  om 
commission  to  take  assizes,  another  to  deliver  gaols,  and 
another  of  oyer  and  terminer.  In  London  and  Middlesex  a 
court  of  general  gaol  delivery  is  held  eight  times  in  the  \ear. 
All  the  justices  of  peace  of  any  county  wherein  tbc  assises  are 
held,  are  bound  by  law  to  attend  them,  or  else  are  liable  to  a 
fine,  in  order  to  return  recognizances,  &c.  and  to  assist  tbt 
judges  in  such  matters  at  lie  within  their  knowledge  and  jortt- 
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niAtioii,  mod  near  fornu,  perfectly  different,  bat  equal!;  if  lu- 
matcical,  will  gnccessively  present  Ihemielves,  snmetiMes 
vuiiibiag  in  tbe  centre,  sametimes  emergiog  f'om  it,  and 
■ometidies  playing  around  in  double  and  oppoiite.  oinilla'. 
tiooR.  When  the  object  ia  tinged  witb  dilTerent  cojaura,  the. 
meat  beaaliful  tints  aie  developed  in  auctiesaioa,  and  the  wlioJe 
figure  delights  the  eye  by  the  perfeotion  of  its  formi  and  tli« 
hrilUaooyofit)  colouring. 

Tbe  moliun  of  the  object  may  be  effected  either  by  the  hmd 
or  br  a  simple  piece  of  mechaDiau,  or  the  same  effect  may  be 
produced  by  Ihe  motion  of  the  instfument  over  the  abject,  or 
roDDd  its  own  axis.  In  tbe  form  of  the  kaleidoscope  now 
duoribed,  the  object  shtiuld  be  held  close  to  the  aperture 
ABC,  and  Ihe  eye  should  be  placed  as  nearly  as  possible  in 
the  line  CD;  for  (he  figure  loses  its  symmetry  in  proportion 
as  the  object  recedes  from  ABC,  and  as  the  eye  riioa  abOTC 
D.  The  inslrunieol  in  therefore  limited  in  its  present  form  to 
tbe  use  of  objects  which  can  be  held  close  to  the  aperltire. 

In  ordei  to  remove  the  limitation,  tbe  tube  which  contaias 
tba  reflectors  should  slide  in  aoolher  tube,  of  nearly  the  same 
length,  and  having  a  convex  lens  at  ita  farther  extremity,  the 
focal  lenf^lh  of  the  lens  should  be  always  leas  than  its  greatest 
distance  from  the  aperture  ABC.  In  general  it  should  be 
about  one- third  or  one'fourlh  of  that  distaoce,  hut  it  nill  be 
idfisable  to  have  two  or  even  three  lenses  of  dilfercut  focal 
lengths,  to  fit  into  the  end  of  the  outer  tube,  and  to  be  used 
at  circumstances  may  require,  or  a  varialion  of  focal  length 
may  be  produced  by  the  separation  or  approach  of  two  lenses. 
When  the  instrument  is  thus  fitted  up,  it  may  be  applied  to 
objoota  at  all  distances ;  and  these  objects,  whose  images  are 
fenned  in  an  inserted  position  at  the  aperture  ABC,  may  be 
introduced  into  the  symmetrical  picture  in  the  viry  same  nian- 
nec  as  if  they  were  brought  close  to  the  instrument.  Hence 
we  can  introduce  trees,  lluwers,  statues,  and  living  animals  ; 
and  any  object  which  is  too  large  to  be  comprehended  by  the 
aperture  ABC  may  be  removed  to  such  a  distance  that  its 
image  is  sufficiently  reduced. 

Tbe  icaleldoscope  is  also  constructed  with  three  or  more 
reflecting  planes,  which  may  be  arranged  in  varions  ways. 
The  tints  placed  before  the  aperture  may  he  the  complementary 
colours  produced  by  transmitting  polarised  light  through  regu- 
larly crjstallized  bodies,  or  pieces  of  glass  that  have  received 
tbe  polarising  structure.  The  partial  polarisation  of  the  liitht, 
by  the  successive  reflections,  occasions  a  partial  analysis  of 
the  transmitted  light;  but,  in  order  to  develop  the  tints  with 
brilliancy,  the  analysis  of  the  light  must  precede  its  admission 
into  the  aperture.  Iititead  of  looking  through  the  extremity  D 
of  the  tnbe,  the  effects  which  have  been  described  may  le 
exhibited  to  many  persons  at  once,  opon  the  principle  of  the 
solar  microscope  or  magic  lantern ;  and  in  this  way,  or  by  the 
application  of  the  camera  Incida,  tbe  flgnres  may  be  accurately 
delineated. 

It  would  be  an  endless  task  to  point  out  the  various  pur- 
poses in  the  ornamental  arts  to  which  the  kaleidoscope  is  appli- 
cable. It  may  be  sufficient  to  state,  that  it  will  beof  great  use 
to  architects,  ornamental  painters,  plasterers,  jewellers,  carvers 
and  gilders,  cabinet-makers,  wire-notkeri, bookbinders,  calico, 
printers,  carpet  manufacturers,  manufacturers  of  pottery,  and 
«Tery  other  profession  in  which  ornamental  patterns  are 
required.  The  painter  may  introduce  the  very  colours  which 
he  is  to  use;  the  Jeweller,  the  jewels  which  he  is  to  ar- 
range, and  In  general  the  artist  may  apply  to  the  inatru- 
menl  the  materials  which  he  is  to  emhody,  and  thus  form  the 
roost  correct  opinion  of  their  effect  when  combined  into  an 
ornamental  pattern.  When  the  instrument  is  Ihns  applied,  an 
infinity  of  patterns  is  created,  and  the  artist  can  select  such  as 
he  considers  most  suitable  to  his  work.  When  a  knowledge  of 
the  nature  and  powers  of  the  instrnment  has  been  acquired  by 
a  little  practice,  he  will  be  able  to  give  any  character  to  the  pat- 
tern that  he  chooses,  and  he  may  even  create  a  series  of  different 
patterns,  all  rising  out  of  one  another,  and  returning  by  similar 
gradations  to  the  first  pattern  of  the  aeries.  In  all  these  cases 
the  pattern  is  perfectly  symmetrical  round  a  centre,  or  all  the 
images  ot  the  aperture  ABC  are  exactly  alike,  bat  this  sym- 
metry may  he  altered,  for  after  the  pattern  Ik  drawn  it  inav  be 
reduced  into  a  square,  ■  trian^ar,  an  elliptical,  or  any  other 


form  that  be  pleases.  The  iiutrmnBnt  Mill  f;iv»  annuUi  psl- 
lerns.  by  keeping  the  reflectors  leparate,  as  at  A  B.  fiff.  4,  lad 
it  will  give  rectiiineol  ones,  by  lacing  die  reileetorB  parmlM  to 
each:  other,  aa  In  lig.  5. 


Fif.*. 


Fig.^ 


The  kaleidoscope  ia  alH  as 
ioslrament  of  amnaemcat,  to 
pbaae  tbe  eye,  by  the  creallM 
and  exbiliitioD  of  beaMiBd 
forms.  In  the  same  maaDcr  ai 
the  ear  is  delighted  by  tbe  oaa- 
bination  of  muaicai  loaods. 
When  Cnatillon  proposed  tile 
Bonstrnction  of  an  oeular  harpsichord,  be  was  mistakea  In 
supposing  that  any  combination  of  harmonie  colours  coald 
afford  pleasure  to  the  person  who  viewed  them  ;  for  it  if  only 
ffben  these  colours  are  connected  with  regolar  and  beantifol 
forms,  that  the  eye  is  gratified  by  tl)e  combiDatioB.  Tbe  lulel- 
doacope,  therefore,  seems  to  roalise  the  idea  of  an  onlar 
harpsichord. 

Since  the  above  was  invented,  another  instrument  of  this 
class  has  been  invented  by  Harris  and  Co.  Ilolborn,  London. 
This  instrnment  generally  consists  o(  two  tubes,  A  tt  and  ItC. 
one  of  nhieh,BC,  is  moveable  uitbin  theother,  C  being  theesd 
next  tbe  eye,  and  A  the  end  next  the  object.  The  object  cell 
D  is  made  to  screw  in  the  cellar  A,  as  is  also  the  leas  E.  Ia 
using  the  instrument,  place  the  object  cell  D  in  the  collar  A  as 
far  as  it  can  go,  push  in  the  tube  B  C  completefti.  hsIdioK  tbt 
instrument  so  that  the  sharp  paiat  of  tbe  Uiang'ular.  ap«iiare 


at  C  is  downwards.  The  instrnment  being  now  kept  steady  is 
Ihe  hand,  turn  round  the  collar  A,  and  by  placinfc  tbe  eye  at  C, 
will  he  seen  a  succession  of  the  mo.st  bcautifol  rorma  and  pat- 
terns. Hilhtrlo  it  has  been  necessary  to  hold  the  objeMss 
close  ns  possible  to  the  end  A  of  the  tube,  and  to  pnshiatls 
tube  B  C  as  fur  as  it  would  go,  but  the  instromcat  ia  adaptol 
to  create  forms  and  patterns  by  means  of  animate  asveflit 
Inanimate  objects,  placed  at  all  dia tana es  from  the  obaervM. 
This  ^reat  advantage  is  obtained  by  the  lens  E  and  Ibe  slidtaf 
tube  B  C.  The  cell  D  is  now  removed,  and  tbe  lens  B  Mq: 
screwed  into  its  place,  any  object  whatever  may  be  introdaesi 
into  the  patterns,  merely  by  direetiag  tbe  inatrument'tewanl* 
it,  and  pulling  out  or  pushing  ia  tbe  tube  B  till  Ibe  pattcraii 
perfecL  When  the  object  is  about  tour  inohea  from  the  Isas^ 
the  tube  requires  to  be  pulled  nut'  ai  far  sh  possible,  aad  fir 
greater  distances  it  must  be  pushed  in.  In  lookloK  at  n mil 
objects,  as  a  seal,  watcb-chain,  the  second  hands  ofa  waHt, 
coins,  pictures,  gems,  shells,  flowers,  leaves,  and  petals  sf 
plants,  impressions  from  seals,  &o.  kc.  the  object,  iastcadaf 
being  hold  between  the  eye  aud  the  li)cbt,  mnat  be  vlawadia 
the  same  manner  as  we  view  objects  throogb  a  micresenyt. 
being  placed  as  near  the  instrnment  as  possible,  so  ns  to  aJhw 
the  light  to  fail  freely  upon  Iho  object. 

In  most  of  Ihe  instruments  there  is,  near  the  middle  of  lb* 
lube  BC,  a  mark  viliich  is  nearly  suited  to  all  distances  bej sad 
tkritfeel.  The  object  cell  D,  held  in  the  hand  at  a  distsaee 
trrealer  than  live  or  six  inches,  may  be  also  uBadwhen  the  leM 
B  is  in  the  tube.  The  furniture  ofa  room,  books,  and  papcM 
laying  on  a  table,  pictures  on  a  wall,  a  biasing  fire,  tbe  moviag 
foliage  of  trees,  &c.  bunches  of  flowers,  horses  and  esltle  in  a 
park,  carriages  in  motion,  the  oorrenta  ofa  river,  moving  i»' 
sects,  and  in  short,  every  object  in  nature  may  be  ietradaced 
by  the  aid  of  the  lens,  into  the  figures  created  byibeiosttn- 
menL  As  dust  will  (though  the  greatest  oare  may  be  al»servcd) 
collect  upon  the  reflectors,  it  is  advised,  that  the  feather  of  a 
quill  (well  scalded,  to  take  out  the  grease)  be  introdaced  at  the 
end  of  tbe  sliding  draw  B  C,  and  drawn  ap  and  down  nntil  ibt; 
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•re  clean,  lioldinjc  the  apex  of  the  aof^ular  aprrturr  upward, 
mnil  tlitr  insitriimeut  a  little  inrlincd,  the  end  A  downward. 

KALI,  a  ^enuA  of  marine  plants,  which  are  burnt  to  procure 
alkali.    See  Alkali  and  Klli*. 

KAMSIN.  a  hot  southerly  viind  common  in  E{;>'pt*  It  pre- 
Tftils  more  or  less  for  fifty  days. 

KANGAKOO,  in  Natural  Ilistory,  a  sinpilar  animal  found 
in  New  Holland,  It  is  about  the  size  of  a  sheep.  co\ered  with 
m  short  fur  of  a  dark  mouse  colour.  The  hrad.  neek,  and 
shoulders,  are  very  sm:ill,  nhen  compared  with  the  other  parts 
of  the  body.  T'.ie  tail  in  long,  thirk  near  the  rump,  and  taper- 
inj^  towards  the  extremity.  This  animal  has  a  false  helly,  in 
which  its  younjc  arc  riirried,  and  secured  from  diin^'er.  The 
fore  legs  are  only  about  eight  inches  Ion;;,  while  the  hind  le^s 
are  twenty-two.  Its  projrrrss  is  by  jumps  of  preat  lengths,  in 
an  erect  position.  The  head  and  ears  ha\e  ^ome  aniiiity  to 
chose  of  a  hare. 

KKBLA,  an  appellation  fdvcn  by  the  M:ihometans  to  thnt 
part  of  the  world  uhere  the  temple  of  .Mriri':i  is  si  tun  ted, 
towards  which  they  arc  obliged  to  turn  themselves  when  the} 
pray. 

KECKLING,  or  KucKLiNc*,  the  art  ofuindlnjr  or  wormimr 
old  rope,  &r.  Hbout  a  cubic,  to  preserve  its  siiiriee  from  heins; 
fretted  when  it  rubs  ncainst  a  ship's  bow  or  i'mv  foot,  but  more 
particularly  it  implies  the  windinfi:  of  iron  ehaiiis  round  the 
cable,  to  defend  it  from  the  friotiua  of  a  roeky  bottom,  or  from 
the  ice. 

KEDGE,  or  KpDnrn.  a  small  anchor  used  to  keep  a  ship 
steady  and  clear  fron>  her  bower-anchor  while  .she  rides  in  a 
harbour  or  river,  particularly  at  the  turn  of  the  tide,  uhen  she 
mifcbt  otherwise  drive  over  her  principal  anrhor,  and  cntani^le 
the  stock  or  llokes  with  her  slack  cable,  so  as  to  loosen  it  from 
the  ground.  The  ked^c  anchors  are  also  used  to  tran<!pori  a 
ship,  or  remove  her  from  one  part  of  a  harbour  tif  unntlnr, 
being  carried  out  from  her  in  the  long  bnnt.  an'l  b-t  '^o  U\ 
means  of  ropes  fiistened  to  these  anchors.  Tlirv  :iri'  i'\sti  '^i  ne- 
rally  furnishe<I  uith  an  iron  stock, which  is  e.i^^ilt  disjiL-iciil  for 
the  convenieiicy  of  stouinic.     See  Anchor,  N\  \ii!\  &r. 

KEEL,  the  principal  piece  of  tinibf-r  in  a  >!ip,  which  is 
usually  first  laid  on  the  blorks  in  building,  liy  runipaiim:  the 
carcase  of  a  ship  to  the  sLrleton  of  a  human  body,  the  keel 
appears  as  the  back  bone,  and  the  timbers  as  thr  ribn.  Ar- 
eordingly  the  keel  supports  and  unites  the  whole  fabric,  since 
the  stem  and  stern  po^ts,  which  are  elevated  on  its  ends,  are, 
IB  some  measure,  a  contintialion  of  the  keel,  and  serve  to  con- 
nect aad  enclose  the  extremities  of  t!ic  sides  hy  tr.ii.som^,  as 
the  keel  forms  and  unites  the  bottom  by  timhrrs.  The  k<'rl  is 
geaerally  composed  of  sc\cral  thick  pieces  plaeed  lfn::ihwn\s. 
which .  after  lieimr  scarfed  together,  are  bolted  and  ei inched 
opon  the  upper  side. 

False  K.F.EL,  a  strong  thick  piece  of  timber  boiled  to  thr  bot- 
tom of  the  kt*el,  wliieh  is  very  useful  in  prescr^^mr  its  lower 
aide.  The  false  keel  is  provided  when  the  thick  pieces  which 
form  the  real  keel  cannot  bo  procured  larire  rnow;;b  to  ^i\e  a 
•utticient  depth  thereto.  In  lar:;e  ships  of  war  the  lals;-  Ueel  is 
composed  of  two  pieces, called  the  upper  nn«l  lower  faUe  keels. 
The  lowest  plank  in  a  ship's  bottom,  called  tlic  ;:aib(iaid  streak, 
has  its  inner  edge  let  into  a  groove  or  channel,  cut  lonciii'dinally 
cin  the  side  of  the  keel :  the  depth  of  this  chaunci  is  ihciefoie 
rcjrulated  by  the  thickness  of  the  garboard  streak. 

Kf.el,  is  also  a  name  i;i«en  to  a  low  (lat-boti>'tiif  d  \esscl  n^i  d 
in  the  river  T>ne.  to  biinc:  the  coals  down  U'li.i  Si-ua^ile  Mr 
loading  the  colliers;  hence,  a  collier  is  ^aid  Ut  viti}  .so  maii\ 
kcela  of  coals. 

KEEL  II  \iMM.,  a  punishment  inflicted  for  ^ari•)-I<  (tirenrrs 
in  llie  Uuteh  navy,  it  is  performed  b>  suspeiidii.c  the  euijuil 
l>y  a  rope  from  one  jard-arni,  with  a  wt  isht  (iflc-ad  i  r  iinn  upon 
l.is  legs,  and  having  another  rope  fastened  to  liim.  leaiiin:;  nu- 
ll' r  the  khip's  bottom,  and  through  a  block  at  iis  ojipo^iite  \nrd- 
nrnt  ;  he  is  then  suddenly  let  fall  from  the  ulc  \aid-:irni  into 
l^ie  sea,  where,  passing  under  the  ship's  b  1:1001.  he  it  h  >isled 
up  on  the  opposite  siile  of  the  \essrl  to  ihu  uthei.— Tliis 
piinishnient  is  not  altogether  unknown  in  Ijiiii^h  fthip«,  but, 
as  ii  is  dangeious,  it  is  vcr\  rarel\,  or  indei  d  bcuieLty  ever, 
uv^v  praelised. 

IkEKLSUNy  or  Kelson,  a  piece  of  timber  forniiu^  the  intc- 


rior  or  counterpart  of  the  keel,  brim;  laid  upon  the  middle  of 
the  floor  timbers  immediately  over  the  keel,  and  "cr^inr;  to 
bind  and  unite  the  former  to  the  latter,  by  ntean^  of  lung  holts 
dri\en  from  without,  and  clinched  on  the  upper  side  of  the 
keelson.  The  keelson,  like  the  keel.  ii  composed  of  several 
pieces  srarfed  to-iether ;  and  In  order  \o  fit  wiih  nore  security 
upon  the  floor  timbers  and  crotchets,  it  is  notched  about  nn 
inch  anil  a  half  deep,  opposite  to  each  of  those  pieces,  thereby 
scored  down  upon  them  to  that  depth,  where  it  is  secured  by 
spikenniU.  The  pieces  of  which  it  is  foimcd  are  only  half  the 
breadih  and  thickness  rf  those  of  the  keel. 

KKKP.  in  nneirnt  militiiry  history,  a  kind  of  sfrnnc  tower, 
which  wns  built  in  the  centre  of  a  castle  or  fort,  to  which  thr 
lirsie:::ed  retreated,  and  nridr  thi-ir  last  elitirts  of  dcfenee.  It 
is  also  called  the  donjon,  or  duii<;eon.     Set  t'ts  ri  1 . 

V'li  Ki  I  P.  a  term  n«Jed  on  several  occasions  in  \a\igation, 
as — 7Vi  h'tt'jt  the  i.nnH  Af'ffirtf,  is  to  keep  within  «iiTlit  of  lauil 
as  much  iis  po<»siltle.  lu  Ktrp  the  jAifi\in  thr  U  in//,  to  con- 
tinue ebisi*  to  the  wind  ;  f.  f.  sailing  with  a  cion^r  iiii-lined  t«» 
the  direction  of  the  wind  as  much  as  possibb*.  7»  hirjt  Ojf\ 
to  sail  at  a  distance  from  the  shore  or  a  ship,  \c.  .Sir  the 
article  <)i  rrsr;. 

KKEPKIt  (F  Tiir  CiRivr  Skii.,  is  a  lord  liv  virtue  of  bin 
odiee,  and  st\led  the  I^ord  keeper  of  the  (Sreat  Seal  of  Kmrland. 
He  is  one  of  the  Kin'^'s  l'ii«\  (*onniil.  Kr.  iltrouch  whose 
hands  prtss  all  ehirteis.  commissions,  and  crunis  cd  the  king 
und'T  ti.e  crreat  seal ;  with  »ut   which,  sueh  instruments  are  of 

no  f'Hce. 

Km  pfr  if  the  Pr  rtj  Sen!,  is  a  lord  by  virtue  of  his  oflice, 
tliroii'^h  wlio^e  h:inds  p:iH«i  all  ehaitcrs  signed  by  the  king  he- 
tori'  thev  i'>iii:<*  {'klhe  glcrit  seal. 

lioitt  Ivi  I  iM'ri.  one  of  the  boat's  crcw  who  remains  as  a 
>eiiiine!.  in  his  torn,  to  take  rare  of  tlie  boat  and  her  contents 
wlien  b\\*  i:.  ashore,  or  along&id<;  of  a  ship,  or  is  towed  astern 

Oi"  ll-.T. 

KIJJMNtf,  in  Paintinc.  denotes  the  representation  of  oh* 
j  cts  ill  it.e  s:ii;u-  niaiini  1  t!.at  l'.e\  Lippear  In  the  eve  ni  diilerent 
(list. in  res  fnmi  it,  for  which  the  p.iiniei  should  iiavc  lecourse 
I0  the  rules  of  Perspective.  Tin  le  are  two  instances  in  which 
the  famous  Haphacl  I'rbin  hits  trans<.:iesscd  these  lulcs:  in 
one  of  his  cartoons,  rrpresenting  th»  niii.icu'ous  draniehl  of 
Itshes,  till*  men  in  <'ach  of  the  two  huals  appear  of  full  »ize, 
ihe  features  of  their  face  bein;;  stiom;l\  marked  :  and  the  boata 
are  represented  so  sioaM.  and  Itie  nii'ii  so  big,  that  any  one  of 
them  appears  sutticient  to  jink  <  iili'  r  of  tlie  bitats  b>  his  own 
bare  weight ;  and  the  fowls  nn  tin*  .slmre  are  aUo  flra^wi  so  big. 
as  to  scrm  \ery  near  the  eve  of  iho  fihscr\er,  win*  could  not 
possibly,  in  that  case.  distiiiLfiii^h  ili;*  U  azures  of  the  men  in  tlie 
distant  boats.  t>r.  Fup;v>Mii<:  th>'  nhseiver  to  be  in  eiihcr  of 
the  hont.s,  he  ccmld  nnt  see  ihc  (\cs  or  be 'ks  nf  the  fuwls  ou 
the  sbnre.-The  oiIht  ins:  a  nee  o  ecu  is  in  his  histuiical  picture 
o|'o:ir  S.iviour's  tr  ■:■  t'l.'tiM'i'Oi  0:1  Vw  111  onit ;  whcic  lie  is  re* 
prescuti'ii  with  those  wlin  WiTe  then  with  hon,  almost  as  large 
as  the  lest  ot  his  diM  i|  l.-s  :tt  tin*  loot  of  the  mount,  with  the 
father  and  iiMther  of  iji?  boy  wlmni  tiiey  broo^lit  to  be  cured; 
and  the  motiier.  thwiiiili  on  her  knees,  is  more  than  half  as  tall 
as  the  mount  is  hLli.  .So  that  the  ii.uunt  appeals  onl)  id' the 
si/.e  tif  a  little  i.av-iiek.  with  a  lew  people  on  its  t>ip.  and  a 
grewtei  niiinht  r  at  its  buitoiii  on  t!ie  mound  ;  iu  whii:li  c  ise,  a 
spreia*(ti  at  a  ti:tii  distance  eoultl  as  well  distimcuish  the  tea- 
tun  ^  of  ih-  s:*  at  the  top  .is  thofc  on  the  ground,  liul  upon 
a:i>  1m-:c  ( 'iiiiieiii  e.  <!f  m-.-MiiJi;  ihu  name  of  a  mount,  that 
vK.iiI  i  III"  iiiMti'  ii:)'  •'>.sitd'.*. 

Ki.ll.L.  hr.  .It  MN.  an  eminent  mathematician  and  philoso- 
ptH  I,  was  biiin  at  Kdinhor'^h  in  l(i7l  ;  and  studied  in  the  uni- 
\eisii\  I 'f  ih.it  cit\.  Keilt  wns  author  of  several  wuiks.  but 
wiis  ni.ire  distinguished  in  bin  time  fi»r  the  cunspicuous  part  he 
tiiiik  ill  ihi'  c!is|iutc  between  I^iihuitx  and  Newton  i-ouctrniug 
l!i'*  invention  of  iluxions. 

KKLl*.  a  tiriii  which  is  oi^cd  in  iliitain  to  si^nif)  the  saline 
subsLaiu:e  iditaincd  b>  hinuioi;  s(  a  weed,  which  is  e]ii>  :1>  em- 
pli>ed  in  the  nianuljctuu  ^i  LiecoLlaNS  Hiileient  spi  cies  of 
seawertl,  b«,  louii'iu'  to  the  Rem  is  r.icus.  anil  order  \L.e.  are 
ci:|«ivated  for  ti.is  jtirposr.  '\.•y^e  piauls  aie  il.rown  on  the 
ini  .^  a!:>i  >h<:f(  •  io  me.it  ai  iiiiluToe,  and  in  th'.*  sUMinier 
ait  lakeil  luK'-thei,  aiid dried  as  hiiy  iu  tUc  aua  and  wind,  and 
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afterward  barnt  to  the  ashes  called  kelp.  The  process  of 
making  it  is  thus : — The  roclcs,  which  are  dry  at  low  water,  are 
the  beds  of  a  great  qaantity  of  seaweed,  which  is  cat,  carried  to 
the  beach,  and  dried ;  a  hollow  is  dug  in  the  ground  three  or 
four  feet  wide ;  round  its  margin  are  laid  a  row  of  stones,  on 
vhich  the  seaweed  is  placed,  and  set  on  fire  within,  and  quan- 
tities of  this  fuel  being  continually  heaped  upon  the  circle,  there 
is  in  the  centre  a  perpetual  flame,  from  which  a  liquid,  like 
melted  metal,  drops  into  the  hollow  beneath ;  when  it  is  full, 
as  it  commonly  is  ere  the  close  of  the  day,  all  heterogeneous 
matter  being  removed,  the  kelp  is  wrought  with  iron  rakes,  and 
brought  to  a  uniform  consistence  in  a  state  of  fusion.  When 
cool,  it  consolidates  into  a  heavy  dark-coloured  alkaline  sub- 
stance, which  undergoes  in  the  glass-houses  a  second  vitrifica- 
tion, and,  when  pure,  assumes  a  perfect  transparency.  See 
Chemistry  and  Soda. 

KENTLEDGE,  pigs  of  iron  for  ballast,  laid  upon  the  floor, 
near  the  keelson,  fore  and  aft. 

Limber  Kentledge,  pigs  of  iron  or  lead,  cast  to  fit  between 
the  floor  timbers,  or  in  the  limbers* 

KEPLER,  John,  a  very  eminent  astronomer  and  mathema- 
tician, was  born  in  the  duchy  of  Wirtemberg  in  1671.  To  him  we 
owe  the  discovery  of  the  true  figure  of  the  orbits,  and  the  propor- 
tion of  the  motions  of  the  solar  system.  This  astronomer  had  a 
particular  passion  for  finding  analogies  and  harmonies  in  nature, 
after  the  manner  of  the  Pythagoreans  and  Platonists.  The  great 
sagacity  of  this  astronomer  in  the  planetary  motions,  suggested 
to  him  some  views  of  the  true  principles  from  which  these 
motions  flow.  He  speaks  of  gravity  as  of  a  power  that  was 
mutual  between  bodies ;  and  says,  that  the  earth  and  moon 
tend  towards  each  other,  and  would  meet  in  a  point  so  many 
times  nearer  to  the  earth  than  to  the  moon,  as  the  earth  is 
greater  than  the  moon,  if  their  motions  did  not  hinder  it.  He 
adds  also,  that  the  tide  arises  from  Uie  gravity  of  the  waters 
towards  the  moon.  But  not  having  notions  suinciently  just  of 
the  laws  of  motion,  he  was  unable  to  make  the  best  use  of 
these  ideas. 

Kepler's  Lawt^  a  term  used  by  astronomers  to  denote  cer- 
tain analogies  between  the  distances  of  the  planetary  bodies 
and  their  times  of  periodic  revolution,  as  also  between  the  rate 
of  motion  of  any  revolving  body,  whether  primary  or  secondary, 
and  its  distance  from  the  central  body  abcut  which  it  revolves; 
to  which  may  also  be  added,  the  figure  of  the  planetary  orbits, 
and  the  position  of  the  central  body  ;  these,  in  the  order  in  which 
they  were  discovered,  stand  as  follows: — I.  Equal  areas  are 
described  in  equal  times  :  that  is,  if  a  line  be  supposed  to  join 
the  central  and  revolving  body,  this  line  passes  over  or  de- 
scribes equal  areas  in  equal  times,  whether  the  planet  be  in  its 
aphelion,  perihelion,  or  any  other  pari  of  its  orbit.  2.  The 
planets  all  revolve  in  elliptic  orbits,  situated  in  planes  passing 
through  the  centre  of  the  sun  ;  the  latter  body  occupying  one 
of  the  foci  of  the  ellipse.  3.  The  squares  of  the  times  of  revo- 
lution of  the  several  planetary  bodies,  are  as  the  cubes  of  their 
respective  distances  from  the  sun. 

Kepler's  Problem^  is  the  determining  the  true  from  the  mean 
anomaly  of  a  planet,  or  the  determining  its  place  in  the  ellip- 
tic orbit  answering  to  any  given  time ;  and  so  named  from  the 
celebrated  astronomer  Kepler,  who  first  proposed  it.  The  ge- 
neral state  of  the  problem  is  this :  to  find  the  position  of  a  right 
line,  which,  passing  through  one  of  the  foci  of  an  ellipse  shall 
cut  off  an  area,  which  shall  be  in  any  given  proportion  to  the 
whole  area  of  the  ellipse ;  which  results  from  this  property,  that 
such  line  sweeps  areas  that  are  proportional  to  the  times. 

KERMES,  in  Zoology,  the  name  of  an  insect  produced  in 
the  excrescences  of  a  species  of  the  oak.    See  Coccus. 

Kermes,  Mineral,  so  called  from  its  colour,  which  resembles 
that  of  a  vegetable :  kermes  is  one  of  the  antimonial  prepara. 
tions.    See  Chemistry  and  Materia  Medica. 

KERSEY,  John,  an  able  English  mathematician,  who  flou- 
rished towards  the  close  of  the  seventeenth  and  beginningof  the 
eighteenth  century,  and  is  chiefly  known  in  the  scientific  world 
by  his  "  Elements  of  Algebra,"  in  two  vols,  folio,  which  is  an 
ample  and  complete  work,  containing  a  full  explanation  of  the 
problems  of  Diophantus  ;  he  was  author  likewise  of  "Dictiona- 
rum  Ancclo-Britanicum,"  or  General  English  Dictionary. 

KETCH,  a  vessel  equipped  with  two  masts,  viz.  the  main- 


mast and  the  mizzen-mast,  and  asnally  from  100  to  2d0  tons 
burden.  Ketches  are  principally  used  as  yachts  for  conTejinf 
princes  of  the  blood,  ambassadors,  or  other  great  personages, 
from  one  place  to  another.  Ketches  are  likewise  used  ai 
bomb- vessels,  and  are  therefore  furnished  with  all  the  appa- 
ratus necessary  for  a  vigorous  bombardment. — Bomh-luieku, 
are  built  remarkably  strong,  as  being  fitted  with  a  greater 
number  of  riders  than  any  other  vessel  of  war ;  and  indeed 
this  reinforcement  is  absolutely  necessary  to  sustain  the  vio- 
lent shock  produced  by  the  discharge  of  their  mortars,  which 
would  otherwise  in  a  very  short  time  shatter  them  all  to  pieces. 

KEVELS,  or  Shevils,  a  frame  composed  of  two  pieces  of 
timber,  whose  lower  ends  rest  in  a  sort  of  step  or  foot,  nailed 
to  the  ship's  side,  from  whence  the  upper  ends  branch  out- 
ward into  the  arms  or  horns,  serving  to  belay  the  sheets  or 
great  ropes  by  which  the  bottoms  of  the  main-sail  and  fore-safl 
are  extended. 

Kevel-Heads,  the  ends  of  the  top  timbers,  which  risio|: 
above  the  gunnel  serve  to  belay  the  ropes,  or  take  a  roaod 
turn  to  hold  on. 

KEY,  or  Key  Note,  in  Music,  a  certain  fundamental  note 
or  tone,  to  which  the  whole  of  a  movement  has  a  certain  rela^ 
tion  or  bearing,  to  which  all  its  modulations  are  referred  and 
accommodated,  and  in  which  it  both  begins  and  ends.  There 
are  but  two  species  of  keys  :  one  of  the  major,  and  one  of  tlie 
minor  mode  ;  all  the  keys  in  which  we  employ  sharps  or  fiMX:% 
being  deduced  from  the  natural  keys  of  C  major  and  A  minor; 
of  which  they  are  mere  transpositions. 

KEYS  OF  AN  Organ,  moveable  projecting  levers  in  the  front 
of  an  organ,  so  placed  as  to  conveniently  receive  the  fingers  of 
the  performer,  and  which,  by  a  connected  movement  with  tke 
valves  or  pallets,  admit  or  exclude  the  wind  from  the  pipes. 
See  Organ. 

Key  Stone  of  an  arch  or  vault,  that  placed  at  the  top  or  ver- 
tex of  an  arch,  to  bind  the  two  sweeps  together.  This,  in  the 
Tuscan  and  Doric  orders,  is  only  a  plane  stone,  projecting  a 
.little  ;  in  the  Ionic,  it  is  cut  and  waved  somewhat  like  consoles; 
and  in  the  Corinthian  and  Composite  orders,  it  is  a  console, 
enriched  with  sculpture. 

Key,  an  instrument  for  the  opening  of  locks.  See  Lock. 
The  invention  of  keys  is  owing  to  one  Theodore  of  Samos. 
according  to  Pliny  and  Polydore  Virgil :  but  this  must  be  a 
mistake,  the  use  of  keys  having  been  known  before  the  ste|;e 
of  Troy  ;  mention  even  seems  made  of  them  in  the  19th  chapter 
of  Genesis.  Molinus  is  of  opinion,  that  keys  at  first  odI? 
served  for  the  untying  certain  knots  wherewith  mankind 
anciently  secured  their  doors :  but  there  were  keys,  he  mais- 
tains,  in  use  nearly  akin  to  our  own ;  they  consisted  of  three 
single  teeth,  and  made  the  figure  of  an  £ ;  of  which  form  there 
are  still  some  to  be  seen  in  the  cabinets  of  the  curious. 

Key,  or  Quay,  a  long  wharf  by  the  side  of  a  harbour  or  rirer, 
usually  built  of  stone,  and  having  several  store-houses  for  tfae 
convenience  of  lading  and  discharging  merchant  ships.  It  is 
furnished  with  posts  and  rings,  whereby  ships  may  be  secured, 
as  also  with  cranes,  capstans,  &c.  to  load  or  unload  the  vessels 
which  lie  alongside. 

Keys,  are  also  certain  sunken  rocks,  lying  near  the  surface 
of  the  water,  particularly  in  the  West  Indies. 

KIDNAPPING,  is  the  forcibly  taking  and  carrying  away  a 
man,  woman,  or  child,  from  their  own  country,  and  seodiof: 
them  to  another.  This  is  an  oflfence  at  common  law,  and  pan- 
ishable  by  fine,  imprisonment,  and  pillory.  By  statute  11  and  12 
William  III.  c.  7,  if  any  captain  of  a  merchant  vessel  shall 
during  his  being  abroad,  force  any  person  on  shore,  and  wilful- 
ly leave  him  behind,  or  refuse  to  bring  home  all  such  men  as  he 
carried  out,  if  able  and  desirous  to  return,  he  shall  suffer  three 
months*  imprisonment.  Exclusive  of  the  above  punishment  for 
this  as  a  criminal  ofl*ence,  the  party  may  recover  upon  an  acdoo 
for  compensation  in  damages  for  the  civil  injury. 

KIEFEKIL,  a  mineral  dug  up  near  Konie,  in  Natolia.  aod 
is  employed  in  forming  the  bowls  of  Turkish  tobacco-pipes. 
It  is  found  in  a  large  fissure  six  feet  wide,  in  gray  calcareous 
earth*  When  fresh  dug  it  is  of  the  consistence  of  wax  ;'it  feels 
soft  and  greasy  ;  its  colour  is  yellow;  its  specific  gpravity  1-600; 
when  thrown  on  the  fire,  it  sweats,  emits  a  fetid  vapour,  becomes 
hard,  and  perfectly  white*    Accordini^  to  the  analysis  of  Klap- 
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ruth,  it  ii  conipoRcd  of  Ci&dO  silica;    17*26  magnesia;   !2600 
wuirr  ;  MX)  rsirbouic  aijil ;  and  50  lime. 

KILDEUkIN,  a  liquor  measure  coutaining  18  gallons  beer 
ineasurr,  and  10  galluns  ale  mrasiirc. 

klLN. — Dfscriplion  of  a  Vtrtical  Kiln  fitr  Drying  Corn,  Jiif 
Mr.  James  Junes ^  o/' Ho.  burn,  London, — No  sul»jt-cts  which  can  be 
brought  under  iho  consideration  of  society,  combine  more  real 
interest  and  importance  than  those  whirh  involve  the  production 
and  preservation  of  the  chief  ncccssaiics  of  human  life  ;  in  this 
«icw,  the  ^reat  value  of  a  speedy  and  eifcctual  method  of  dry- 
ing grain  i.t  e\ident.  The  frequent  occurrence  of  crops  being, 
on  account  of  unfavourable  weather,  necessarily  carried  from 
the  fieltl  in  a  state  of  considerable  humidity,  eveiy  one  must  be 
aware  of;  and  the  consequent  reduction  in  the  value  of  the 
produce,  arising  from  tlie  deterioration  in  its  quality,  cannot  be 
less  evident.  The  heat  generated  by  the  fermentation  in  the 
heap,  together  wiHi  the  moisture,  causes  germination  to  take 
place  in  the  grains  near  the  surface,  \ihereliy  the  furinais  de- 
composed, and  the  nutritive  properties  are  in  a  great  measure 
destroyed,  whilst  the  lower  part  becomes  mouldy,  and  acquires 
a  musl\  smell,  of  the  most  foul  and  disgusting  kind  ;  but  grain 
laid  up  in  a  perfectly  dry  state  suITcrs  no  chancre,  and  history 
furni.ilies  numerous  instances  of  the  discovery  of  ancient  gra- 
naries, wherein  the  corn  has  been  preserved,  in  the  most  perfect 
condition,  for  a  long  seriesof  )cars ;  which,  had  it  been  stored 
in  a  stc*<  of  dampness,  would  have  inevitably  been  destroyed. 
This,  in  the  time  of  wet  harvests,  renders  essentially  necessary 
some  artificial  means  of  speedily  dissipating  the  moisture, 
which  is  so  destructive  ifallowed  to  continue  in  the  grain;  and  the 
onl)  means  of  efl'ecting  this  object  has  hitherto  been  by  the  use 
of  the  common  kilns,  uut  which,  in  very  bad  seasons,  on  accounl 
of  the  slowness  of  their  operation,  arc  not  sufliciently  numer- 
ous to  answer  the  purpose  to  the  extent  required.  As  an 
appendage  to  large  granaries,  or  corn  stores,  kilns  are  of  in- 
finite utility,  both  as  alFording  the  certain  means  of  preser\ing 
the  grain  from  an>  tendency  to  fermentation  whilst  l>ing  in 
store,  and  fitting  it  for  water-carriage  by  that  degree  of  dryness 
which  ii  absolutely  necessary  to  present  its  heating  on  board, 
wheie  tlic  opportunities  of  turning  it  are  so  limited,  if  not  alto- 
geth'.'f  uaulinc,  althouKh  the  necessity  of  it  is  increased;  and 
to  the  miller  the  use  of  a  kiln  is  not  less  important,  as,  without 
a  certain  degree  of  dryness,  the  wheat  will  not  grind  freely,  it 
clogs  the  stones,  and  good  flour  is  not  produced ;  audit  is  a  very 
general  pr£.etice  with  millers,  who  possess  the  means,  to  pass 
all  wheat  over  the  kiln  when  the  tlour  is  intended  for  water 
carria];e  ;  at  least,  it  is  the  custom  at  some  mills  ;  and  it  is  well 
known,  that  new  flour  of  the  finest  quality,  when  damp,  has 
a  remarkable  predisposition  to  encourage  the  propagation  of 
those  minute  insects  which  arc  destructive  of  its  good  proper- 
ties. Fiom  the^e  prefatory  remarks  on  mischief  and  loss 
arising  from  wheat  and  grain  being  housed  when  damp,  we 
proceed  to  our  description  ef  the  malt  kiln. 

The  common  kiln  is  so  well  known,  that  little  need  be  said  in 
the  way  of  description,  except  to  enable  those  who  arc  unsie- 
quaintcd  with  its  construction,  to  judge  of  tlie  comparative 
merits  of  the  old  kiln  and  those  hereafter  described  ;  sullici:  ilto 
sa\,  that  it  consists  of  a  floor,  usually  composed  of  niid^ewater 
tiles,  which  arc  large  square  flat  tiles,  perforated  with  a  g  re  .it 
number  of  small  holes  ;  or  othcrways  of  iron  platei  perforated 
in  the  same  wa>  ;  or  of  wove  wire  work,  either  kind  being  sup- 
ported on  iron  beaiing-bars  extending  from  wall  to  wall,  lie- 
in  alh  this  flbor  or  kiln  head,  as  it  is  frequently  called,  are  built 
four  portions  of  arehe.H  of  briekwork,  which  tu^etlier  compose 
a  form  somewhat  similar  to  an  inverted  frustum  of  ap)iamid, 
whose  larger  base  is  e<|unl  to  the  area  of  the  floor;  and  in  the 
lesser  ba^e.  which  is  supported  on  low  walls,  is  placed,  at  the 
distance  of  five  or  six  feet  from  the  tiles,  a  fire  composed  of 
coke,  culm,  or  other  suitable  fuel :  the  heated  air  and  \apour 
from  which  ascends  into  the  p>rainiil  il  space  above  it.  spread- 
ing rather  nnrqiially  over  tlie  inferior  surface  of  tlic  floor,  pass- 
ing thron'.Lh  the  perforations  niaile  in  it.  and  through  the  inter- 
stices between  tliegniin.  which  is  spread  in  considnable  thirk- 
nrss  upon  it;  the  lower  part  of  the  sliatum  thus  nrcrssnrily 
gets  con>iJr.rnM>  heated,  and  the  humidity  is  e\  .11*01  utetl.  Af- 
tcr  a  Ui\'\f^  of  time,  dependent  on  the  state  of  the  j^rain,  it  is 
turned  over  with  a  large  wooden  shoicl,  or  scoop,  for  the  pur- 


pose of  removing  those  grains  which  were  hef  .le  at  the  top, 
nearer  tothe  heated  surfaee.and  those  which  are  sufTici'Mitly  dried, 
to  the  top  ;  and  is  then  suflered  to  lemain  until  it  is  fit  lo  he 
turned  again,  if  from  its  previous  damp  slate  that  is  iiicessarj, 
or  to  be  removed  entirely  from  the  kiln,  when  a  fre.sh  f|nantity 
is  submited  to  the  same  operation.  The  length  of  time  it  lies  on 
the  kiln  depends  on  the  proportion  of  moislnrr  contained  in  tho 
grain,  and  vaties  from  live  to  ei^ht  or  nine  hours  ;  indeed.  Tull 
states  the  occasional  necessity  of  extending  it  us  far  as  twelve 
liours.  On  the  kilns  in  use,  previously  to  recent  improvements, 
the  average  time  required  for  the  pmpose  was  se\en  hours  and 
a  half,  during  which  lime  four  quarters  and  a  half  were  dried, 
beiiig  at  the  rate  of  fourteen  quarters  and  a  half  per  day. 

It  must  be  e^itlent  that  a  stratum  of  wheat  seural  inches 
thick,  cannot  bo  equally  healed  through  all  its  parts  in  a  short 
time,  and,  eonsequenlly.  that  the  moisture  whieh  is  expelled 
from  the  grains  nearest  the  tiles,  by  the  first  elVeet  of  the  fire, 
in  the  form  of  steam,  must,  in  its  ascent,  be  condensed  and  dc- 
po>iicd  on  the  colder  grains  which  arc  nearer  to  or  at  the  sur- 
f:ice  ;  and,  consequently,  so  far  asrcfcards  the  upper  part  of  the 
stratum,  the  e\il  is  doubled,  and  until  the  grain  is  turned  o\er, 
(unless  that  operation  is  excessively  delayed.)  the  upper  por- 
tion does  not  part  with  any  of  its  previous  or  acipiired  mois- 
ture, and  when  it  is  turned,  it  must  be  allowed  to  remain  long 
enough  to  evaporate,  perhaps  twice  its  original  quantity  of  hu- 
midity, durim;  whieh  time  the  part  which  was  first  dried  re- 
absorbs much  of  the  moisture  exhtled  from  the  other  grains,  by 
which  the  lime  requisite  lo  expel  the  whole  is  preatly  extended. 
Whether  any,  or  what  chemical  action  takes  place,  detrimen- 
tal to  the  flour  in  this  protraeted  state  of  humid  heat,  we  arc  not 
prepared  to  state ;  but  it  will  not  be  doubled  that  the  least 
possible  time  in  which  the  purpose  can  be  cfl'eeted,  the  less 
chance  there  is  of  injurons  chance ;  and  it  will  be  admitted, 
that  in  those  kilns  heated  by  the  direet  action  of  the  fire,  the 
longer  the  crain  remains,  the  more  it  will  imbilie  of  the  an- 
pIcHsant  eflluvium  arising  from  the  fuel ;  but  in  kilns  where  the 
drung  is  performed  by  heated  air  alone,  this  objeetion  does  not 
exist.  The  operation  of  turnin:?  must  ob\iously  be  an  imper- 
fect and  ineflicient  one,  not»Mthstinding  e\ery  attention  may 
be  paid  by  the  man  per  for  mini;  it.  for  it  is  impos>ible  he  ean 
turn  the  whole  completely  :  bur.  from  the  cirenmstanee  of  its 
bein;;  an  unpleasant  operation,  it  is  seldom  performed  as  effce- 
tually  as  it  perhaps  mi;:ht  be;  but  let  the  eare  and  attentitm 
employed  be  unlimited,  still,  from  the  inequalities  of  the  sur- 
face on  whieh  the  >:rain  lies,  il  is  utterly  impossible  that  the 
turning  can  be  so  complete,  but  that  some  of  the  grains  remain 
undisturbed,  and  mueh  is  necessarily  airain  brought  into  con- 
tact with  the  tiles,  and  thrreforo  becomes  over  dried,  to  ihe 
injury  of  the  entire  quantity  ;  and  in  faet  the  experience  of 
e\ery  day  shews  the  inequality  of  this  mode  of  drying,  as  fie- 
qnently,  if  nut  always,  some  of  the  grains  are  quite  parched, 
whereby  the  quality  of  the  flour  is  much  itijiircd.  while  others 
are  thrown  ofl  the  kiln  almost  as  dar.ip  n%  when  laid  on. 

That  the  imperfections  here  stated  atlaeh  to  tlir  use  of  the 
common  kiln,  c«ery  person  aef|uariited  with  the  subject  will 
aeknowledse,  and  to  such  persons  the  communication  of  an 
efrectual  remedy  will  nr>t  be  unaeceptable. 

In  the  latter  part  of  the  year  IH'21,  Mr.  Jones  was  applied  to 
by  John  Snook,  the  proprietor  of  large  mills  at  Hedhampion, 
Hants,  to  endeavour  to  cR'eet  some  irnprovemvat  in  his  kiln». 
so  as,  if  possible,  to  obviate  the  exisliiii;  r.bjertions  :  anti 
although  at  that  time  be  was  perfectly  un  u-quaintetl  with  the 
subject,  very  little  reflection  sufficrd  to  eoM\inee  bini  thai  Ihe 
piinciples  of  the  old  method  were  bad;  in^ttnd  fif  attempting 
any  nllcrations  in  tbe  old  kilns,  after  a  good  d(  al  of  consider- 
ation, he  proposed  the  adoption  of  cme  al'.i';;''thi  r  im  w.  bo:h  in 
construction  and  in  the  manner  of  its  opt  i.i'ion,  the  rxp'is'ire 
of  a  \ery  tbin  >tratum  of  rrain.  an  njii.il  ti  i:.peralure.  the  pav- 
sage  nt' a  l.ir;:e  •{U.iiitit\  of  w.irrii  air,  and  an  ntiiiiterriipti-il  re- 
moval or  turiiin:;  ;  eaeh  of  \ibieh  are  iiii!is;>eiiSfib!e  w  here  |ier- 
fcclion  is  sou;:ht.  This  prtqio^iiion  of  Mr.  Jones  u.is  approvefl. 
and  the  lir»t  trial  sutheii-nlly  proved  the  supirinritv  f>f  the  new 
nietb-Ml  over  the  old  one.  for  the  work  it  diil,  eonipared  with  fine 
uf  the  o!d  kilns,  which  was  at  work  a  few  days  before,  and  Wilh 
the  s^inie  wheat,  was  rather  more  than  as  six  to  one- 

The  drawings  explanatory  of  the  machine  are,  fig.  l,(sec 
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plate),  an  elevation,  fifi^.  2,  a  vcrticn]  section  thron^h  the  line  a  h. 
Fiji:.  3,  a  horizontal  section  through  the  line  c^,  and  fig.  4,  a 
vertical  section  of  the  fireplace  on  the  line  ef.  The  same  let- 
ters indicate  the  same  parts  in  each  figure.  The  body  of  tlie 
kiln  is  composed  of  two  concentric  cylinders  A  A  and  1)  U, 
closed  at  top  and  bottom  by  two  concentric  cones  C  C  andD  D, 
the  external  cylinder,  and  the  bases  of  its  two  cones,  are  six 
feet  two  and  a  half  inches  diameter,  and  eight  feet  high  ;  the 
internal  cylinder  and  its  two  cones  are  six  feet  diameter,  and 
seven  feet  ten  inches  high  ;  having  an  annular  space,  one  inch 
and  a  quarter  wide,  between  the  internal  and  external  bodies, 
which  are  perforated  into  iron  plates,  having  2300  small  holes 
in  each  square  foot.  The  kiln  is  supported  on  fivo  cast  iron 
columns  £,  K,  E^Fi,  E,  six  feet  six  incites  high,  which  are  at- 
tached at  their  tops  to  a  strong  iron  ring  which  surrounds  the 
base  of  the  cylinder.  From  the  heads  of  these  columns  dest^end 
along  the  si(h*s  of  the  cone  five  long  holts  G,  G.  G,  G,G,  which 
are  passed  through  the  same  number  of  lugs  in  the  c;ist  iron 
ring  H,  which  surrounds  the  neck  of  the  lower  cone  ;  from  the 
same  ring  H  also  proceed  five  stays  1, 1,  I,  I,  I,  w  hich  are  fas- 
tened through  the  middle  of  the  columns  by  a  nut  on  each  side. 
The  columns  were  made  of  the  height  here  stated,  for  the  pur- 
pose of  enabling  the  wheat  to  be  received  into  sacks,  that  being 
tlie  most  convenient  under  the  particular  circumstances  ;  but 
in  a  mill  where  an  elevator  is  near  at  hand,  or  where  it  would 
not  be  inconvenient  to  allow  the  wheat  to  run  on  tlic  floor,  the 
whole  kiln  might  he  brought  lower  down,  and  as  great  a  length 
of  cylinder  as  the  height  of  the  granary  iloor  will  admit  of,  may 
be  used,  as  by  the  grain  having  a  greater  distance  to  descend, 
the  motion  would  be  more  rapid,  and,  consequently,  the  turning 
will  be  more  complete.  The  body  is  sustained  both  internally 
and  externally  b>  iron  hoops  K,K,K,  and  the  distance  between 
the  cylinders  is  preserved  by  a  number  of  short  stays.  When 
tli,Q.kiln  is  in  operation,  the  annular  space  before  spoken  of  is 
entirely  filled  with  wheat,  by  means  of  the  spout  W,  from  the 
granary,  which  keeps  up  a  constant  supply  as  fast  as  its  exit 
is  allowed  at  the  discharging  spout  X,  the  opening  of  which  is 
governed  by  a  regulator,  being  adjusted  to  the  time  requisite  to 
evaporate  the  moisture. 

In  the  front  of  the  kiln  rs  eat  out  a  space  L,  M,  N,  O,  P,  in 
which  is  fixed  the  fireplace  L,  M,  O,  P,  in  wliicli  Q  is  the  fire- 
hole,  and  R,  R,  are  openings  with  doors,  for  the  purpose  of 
cleaning  the  ilues ;  S  is  the  ash  hole,  and  T  the  fire  bars.  On 
reference  to  the  sections,  it  will  be  seen  that  there  are  vertical 
air-passages,  round  which  the  (lame  and  heat  of  the  fuel  circu- 
late to  the  right  and  left,  until  they  reach  the  chimney,  wiiich 
rises  throngh  nearly  the  centre  of  the  kiln  ;  the  conrso  of  tlie 
flamo  is  evident,  by  the  direction  of  the  arrows,  and  in  its  pas- 
sago  to  tho  chimney  it  very  powerfully  heats  the  plates  which 
form  the  sides  of  the  air-passnges,  and  occasions  a  constant 
rush  of  hot  air  through  tlieni  into  the  body  of  the  kiln.  The 
whole  of  the  fireplace  being  enclosed  within  the  kiln,  it  is  en- 
tirely surrounded  (excepting  in  the  front)  by  a  thin  shell  or 
casing  of  grain ;  and,  from  its  perfect  insulated  situation,  no 

Sart  of  its  heat  can  escape,  without  having  first  performed  its 
estined  office.  The  triangular  space  or  opening  immediately 
over  the  fireplace  answers  two  purposes,  the  chief  of  which  is, 
diverting  the  wheat,  as  it  descends,  from  coming  too  near  the 
fire,  whereby  it  would  be  parched,  and  it  affords  a  convenient 
entrance  into  the  kiln  when  requisite.  The  front  part  of  the  fire- 
place is  supported  on  the  heads  of  the  two  front  columns,  and 
the  hinder  part  within  the  kiln  by  the  pillar^,  the  lop  of  which 
is  fixed  in  a  socket  in  a  bearing-bar  across  tho  bottom  of  the 
fire  place,  and  the  lower  end  stands  in  a  cup  in  the  intersection 
of  an  iron  cross,  whirh  rests  in  the  ring,  H,  before  mentioned, 
and  the  weight  of  the  fireplace  (nearly  15  cwt.)  is  consequent- 
ly sustained  by  the  bolts  G,  G,  which  descend  from  tho  heads 
of  all  the  columns. 

From  this  description,  together  with  the  drawing,  the  con- 
stniction  will  be  easily  understood  :  and  few  words  will  be  re- 
quisite to  explain  its  operation.  The  fire  having  been  lighted, 
tne  wheat  is  admitted  from  the  granary,  the  regulator  at  bottom 
being  for  a  few  minutes  kept  shut;  when,  the  annular  space  be- 
ing full,  the  only  way  the  warm  air  contained  in  the  upper  part 
of  the  kiln  can  escape,  is  through  the  holes  in  the  iron,  and  the 
interstices  between  the  grains  ;  and  as  the  stratum  or  shell  of 


wheat  is  so  thin,  the  passage  of  air  is  very  rapid,  and  conse- 
quently the  moisture  is  taken  up  by  it,  and  cariied  off  with  the 
utmost  celerity.  With  regard  to  the  motion  or  stirring  it  un- 
dergoes, a  few  words  may  be  requisite.  The  apex  of  the  conr 
(where  the  wheat  enters)  has  the  greatest  heat ;  here  it  is  id  a 
state  of  constant  diverging  motion,  rapid  where  the  beat  is 
greatest,  and  progressively  slower  as  the  temperature  dtuiinisb- 
es,  until  it  reaches  the  cylinders,  where  the  motion  becomes 
equ:iblc.  Here  the  wheat  would  perhaps  descend  bodily,  bat 
the  roughness  left  by  the  punching  of  the  holes  in  the  iron  plate, 
is  higidy  useful,  as  the  little  resistance  it  oO'ers  to  tJie  graio 
sliding  down  produces  aconstaut,  slow,  rolling  intestine  motion, 
whereby  every  individual  grain  is  exposed  to  the  same  depve 
of  temperature :  it  then  again  converges  in  the  lower  cone,  pro- 
ducing Uie  same  turning  and  mixing  motion,  as  in  the  opper 
cone,  and  ultimately  escapes  through  the  spout  at  the  bottom 
cither  into  sacks  or  on  the  ground,  as  may  be  desired.  Evapo- 
ration is  at  first  strongly  excited,  and  then  gently  kept  up  by  a 
progressively  decreasing  temperature,  as  tlic  grain  descends 
towards  tho  discharging  spout;  during  the  time  the  kiln  is  at 
work,  the  operation  of  screening  is  to  a  certain  extent  constiatr 
ly  going  on,  by  which  much  of  the  dust,  seed,  insects,  and  other 
extraneous  matters,  are  separated  ;  and  it  is  well  known  that 
grain  cannot  be  too  well  screened  from  all  impurities  previoai 
to  storing,  as  its  perfect  preservation  depends  moeh  on  that 
circumstance.  The  rapidity  of  its  operation  is  such,  that  the 
grain  (lows  from  it  perfectly  dried,  at  the  rate  of  29  loads, 
or  145  quarters,  per  day  ;  which  can  only  be  accounted  for 
by  the  circumstance  of  the  aqueous  vapour  being  carried  clear 
away  at  once,  without  any  part  of  it  being  deposited  on  othfi 
grains,  and  from  the  great  quantity  anti  rapidity  of  the  rir- 
rent  of  warm  air  which  constantly  passes  between  the  grairj, 
taking  up  the  humidity  as  fast  as  it  is  converted  into  vap<^r. 
It  is  dried  with  perfect  equality,  and  above  all.  the  quaniitj 
dried  is  six  or  seven  times  as  great  as  by  the  common  method; 
for  the  kiln  which  was  removed  to  make  room  for  the  new  one, 
dried  (as  before  stated)  on  the  average,  fourteen  quarters  and 
a  half  per  day,  the  medium  quantity  being  95  quarters:  thto 
as  05  :  14*5 : :  6*5:  1.  Or  if  we  take  the  quantities  befirre  men- 
tioned, the  proportion  will  be  as  ten  to  one.  For  as  1 45 :  14*5 : : 
to :  I.  This  to  the  corn-merchant  is  an  advantage  of  mgrh 
importance,  as  frequently,  on  sudden  changes  of  the  maikrts, 
it  is  desirabin  to  ship  the  trrain  w  ith  the  utmost  despatch,  lut 
the  shipment  is  often  much  dclaved  by  the  necessity  of  kilo- 
drying  the  cargo  previous  to  loading  the  vessels;  by  nhich 
debiy,  arising  from  the  tanlincss  of  the  common  operation,  the 
advantages  of  a  good  market  are  not  unfrequently  lost. 

Improvid  Mali  Kilns  for  tlrying  Malt  by  hated  -4 ir.— The 
common  malt  kiln  is  a  square  building,  widening  irradnatlj 
within  from  tho  fireplace  to  the  floor  on  wliifb  the  malt  is  laiJ. 
It  may  be  compared  to  an  inverted  pyramid  bavin;  a  firephice 
in  its  vertex,  and  its  base  covered  by  a  floor,  on  whirh  tlic malt 
is  dried  by  the  heat,  and  more  or  loss  smoke,  w  hirh  ascendi 
from  the  fire  beneath.  The  floor,  as  we  have  described  it,  con- 
sists of  iron  bars  covered  by  tilers,  which  have  large  holes  made 
nearly  through  tliem  from  the  lower  side,  and  then  very  small 
holes  pricked  quite  through.  In  some  kilns,  webs  of  wire 
covered  with  hair  cloth,  are  used  instead  of  the  perforated  tiles. 
The  fuel  coinmonly  used  is  either  coke,  or  Welsh  stone  coal 
— sometimes  wood — and  the  hot  air  that  passes  through  the 
malt  has  previously  passed  throngh  tho  naked  fire  ;  but  in  the 
improved  kilns,  of  which  wc  have  given  engravings,  from  tbc 
Parliamentary  Report  on  the  Distilleries  in  Scotland,  the 
smoke  and  fumes  of  the  fuel  are  prevented  from  coming  to 
the  malt ;  the  air  that  dries  it  receiving  its  heat  in  passion 
through  a  heated  cast-iron  tnbo. 

Fig.  I.  (see  plate)  is  a  front  view  of  an  improTod  nsh  kilo, 
in  which  a  er,  is  the  furnace  door,  h  the  lire,  through  which  lbs 
air  rises,  the  grate  being  of  the  common  kind ;  e  a  cast-irao 
tube,  which  passing  through  the  fire,  and  having-  one  end  epea 
to  the  external  air.  and  the  other  open  into  the  kiln,  oonvevi 
heated  air  to  the  grain ;  d,  a  flue  around  the  fire,  in  which  airii 
also  heated  and  conveyed  to  the  grain ;  e,  the  ash  pit ;  /,  the 
chimney. 

Fig.  2.  A  side  view  of  a  malt  kiln,  in  whiehthe  grain  is  dned 
by  heated  air,  as  in  fig.  1,  but  in  which  the  air  necessar}  for 
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coMboftUon  of  the  fuel  desoeods  throaieh  the  grute ;  «» the  ire  i 
^  Ike  prate ;  e,  the  door  of  the  fumaoe ;  d,  the  door  of  the  oh 
pit ;  t,  the  air  tabe  ;  /,  the  aih  pit ;  g,  the  ead  of  the  air  tube 
eBtefinc  the  space  below  A,  the  kiln  head,  mhich  in  compoeed 
of  Ihetllea  perforated  with  sniall  holes,  lyiai^  oa  the  joists  t, 
and  supporting  the  malt  A;  //,  the  windows,  through  which  a 
ourreot  of  air  may  freely  enter  or  escape  ;  m,  the  air  outlets 
abofe.  If  a  distiller  finds  his  buildings  so  relatifely  situated 
ttet  be  caa  lead  the  air  cylinder  of  his  malt  kiln  through  the 
tae  of  his  stiM  or  mash  boiler  furnace,  the  expense  of  fuel  for 
drvinc  malt  anay  be  saved. 

klNDRElX      Set  iNHKaiTANCR. 

KING.  The  executive  power  in  Great  Britain  and  Ireland  is 
veated  in  a  single  person*  Formerly,  the  succession  being  in- 
tonupted,  there  was  occasionally  a  distinction  between  a  right- 
lal  king*  or  king  dejure^  and  a  king  in  possession  of  the  throne, 
«r  king  dn/wL-io ;  but  it  seems  now  only  necessary  to  consider 
the  rightful  power  and  authority  of  the  king,  lawfully  and 
peaceably  io  possession  of  the  throne.  And  in  this  country 
the  efown  is  by  common  law  hereditary  in  a  peculiar  manner, 
bat  not  dejure  diwino  ;  and  it  may  be  changed  into  the  limita- 
tioo  of  its  descent  by  the  authority  of  the  king,  lords,  and  com- 
oftons  in  parliament  assembled,  but  it  is  not  elective.  It  de* 
acends  regularly  to  lineal  descendants  by  right  of  primogeniture, 
but  io  case  of  no  male  heir,  it  descends  to  the  eldest  daughter 
only^  and  to  her  isMue,  and  not  in  coparcenary  to  all  the  daugh- 
ters. In  failure  of  lineal  heirs,  it  goes  to  collateral  desoeod* 
aata,  but  tiiere  is  no  failure  on  account  of  half  blood.  Lands 
also  parchased  b^  the  king  descend  with  the  crown.  The  in- 
beritaaee  is  not  indefeisible,  but  may  he  altered  as  above. 
Bat«  however  limited  or  transferred,  it  still  retains  its  heredita- 
blr  quality  to  the  wearer  of  it,  and  hence  the  king  never  dies,  but 
hit  right  vests  eo  itutanti  in  his  heir.  If  the  throne  becomes 
vacant,  whether  by  abdication,  as  in  the  time  of  James  II.  or 
by  failure  of  all  heirs,  the  two  houses  of  parliament  may  dispose 
of  it  It  is  now  limited  to  the  heirs  of  the  princess  Sophia, 
grand-daughter  of  James  I.  being  protestant,  and  married  to 
protcstants. 

To  assist  the  king  in  the  discharge  of  his  duties  and  mainte- 
tenanee  of  his  dignity,  and  exercise  of  his  prerogative,  he  has 
several  councils,  as  the  Parliament^  his  Peers,  and  his  Privw 
Cvvsirr/,  which  see.  For  law  matters,  the  judges  are  his  council. 
The  principal  duty  of  the  king  is  to  govern  his  people  according 
to  law  ;  and  in  consideration  of  the  duties  incumbent  on  him, 
his  dignity  and  preroi^ativc  are  established  by  the  laws  of  the 
land ;  it  being  a  maxim  in  the  law,  that  protection  and  subjec- 
tion are  reciprocal.    See  PaRRoeATive. 

KING  at  AaMS,  or  of  Arms,  an  officer  who  directs  the  he- 
ralds, presides  at  their  chapters,  and  has  the  jurisdiction  of 
armory.  There  are  three  kings  of  arms  in  England,  viz,  Gmrter, 
Vie^emtieux,  and  Aerrjf,  and  one  for  Scotland,  viz.  Lyon. 

Kino's  Benek^  is  the  supreme  court  of  common  law  in  Eng- 
land: and  so  called,  because  the  king  used  to  sit  therein 
person ;  it  consists  of  a  chief  justice,  and  three  puisne  justices, 
who  are  by  their  office  the  sovereign  conservators  of  the  |>eace, 
and  supreme  coroners  of  the  land.  This  court  has  a  peculiar 
jurisdiction,  not  only  over  all  capital  ofiences,  but  also  over  all 
other  misdemeanors  of  a  public  nature,  tending  either  to  a 
broach  of  the  peace,  or  to  oppression  or  faction,  or  any  manner 
of  uisgovernment.  It  has  a  discretionary  power  of  inflicting 
exemplary  punishment  on  oflenders,  either  by  fine,  imprinon- 
ueot,  or  other  infamous  punishment,  as  the  nature  of  the  crime, 
considered  in  all  its  circumstances,  shall  require. 

The  iurisdiction  of  this  court  is  so  transcendent,  that  it 
keepaall  inferior  jurisdictions  within  the  bounds  of  their  autho- 
rity ;  and  it  may  either  remove  their  proceedings  to  be  deter- 
mined here,  or  prohibit  their  progress  below  ;  it  superintends 
all  dvil  corporations  in  the  kingdom  ;  conunands  magistrates 
and  others  to  do  what  tlieir  duty  requirej,  by  mandamus,  in 
every  case  where  there  is  no  specific  remedy ;  protects  the 
liber^  of  the  subject,  by  speed>  and  summary  interposition  ; 
and  takes  cognisance  both  of  orimioal  and  civil  causes,  the 
former  in  what  is  called  the  crown  side,  or  crown  office,  the  lat- 
ter in  the  plea  side  of  the  court.  This  court  has  cogniaaoee, 
on  the  plea  side,  of  all  actions  of  trespass,  or  other  injury 
nllcfredtobe  eommited  eieieLrm$;  of  actious  fur  forgrr^  of 
60. 


deeda,  maintenaooe,  conspiiaey»  deceit ;  and  actions  on  ikm 
case,  which  allege  a^y  falsity  or  fraud.  In  proceedings  in  thia 
court  the  defendant  is  arrested  for  a  supposed  trespaaa»  whicAi 
in  reality  he  has  never  eoasnutted,  aad  being  thus  in  the  cnal»* 
dy  of  the  marshal  of  this  c«Mirt,  the  plaintiff  is  at  liberty  to 
proceed  against  him  for  ai^y  other  personal  iiynry,  which  aur* 
mise  of  being  in  the  custody  of  the  marshal  the  defendant  is  imI 
at  liberty  to  dispute.  This  court  is  likewise  a  court  of  appeal* 
into  which  ma^  be  removed,  by  writ  of  error,  all  deter  mi  naliona 
of  the  court  of  Common  Pleas,  and  of  all  inferior  courta  of  ra« 
cord  in  England. 

Kino's  Palace.  The  limiU  of  the  king's  palace  at  Westmin« 
ster  extend  from  Charing-eross  to  WestBunatcr-hall,  and  haft 
sueh  privileges  as  the  ancient  palaces. 

KINK,  a  sort  of  twist  or  turn  in  any  cable  or  rope,  ooci^ 
sioned  by  its  being  very  stifl',  or  close  lakl,  or  by  being  drawn 
too  hastily  out  of  the  roll  or  tier  in  which  it  waa  coiUd*  Sm 
the  article  Coiling. 

KIRCIIER,  Athanasivs,  a  celebrated  matheauitieiaii,  wna 
born  at  Fulde  in  1601.  lie  wrote  an  immeasq  anaibcr  nC 
books,  amounting  altogether  to  twenty-two  volumes  folio,  elc« 
ven  quarto,  and  three  octavo.  It  must,  however,  be  allowed, 
that  their  utility  bears  no  proportion  to  their  magnitude,  and  it 
would  therefore  be  useless  to  give  a  catalogue  of  them  in  thia 
work,  as  there  is  no  one  of  them  but  has  been  superseded  by 
later  authors.     Kiroher  died  in  1690,  in  his  HUth  >ear. 

KITE,  Captain  Dansct's,  for  effecting  a  commnnicatioo 
between  a  stranded  ship  and  the  shore,  or  under  other  cir- 
cumstances, where  badness  of  weather  renders  the  ordinary 
means  impracticable.  A  sail  of  light  canvass  or  holland,  is  cnl 
to  the  shape,  and  adapted  for  the  application  of  the  principlea 
of  the  common  flying  kite,  after  the  manner  in  which  Dr. 
Franklin  used  to  swim  on  his  back  in  water;  and  is  launched 
from  the  vessel  or  other  point  to  windward  of  the  space  over 
which  a  communication  is  required,  and  as  soon  as  it  appears 
to  be  at  a  sufficient  distance,  a  very  simple  and  efflcacioot 
mechanical  apparatus  is  used,  to  destroy  its  poise,  and  cause 
its  immediate  descent;  the  kite  remaining,  however,  still 
attached  to  the  line,  and  moored  by  a  small  anchor  with  which 
it  is  equipped.  The  kite  during  its  flight  is  attached  to  the  line 
by  two  cords  placed  in  the  usual  manner,  which  preserve  its 
poise  in  the  air ;  and  to  cause  its  descent,  a  messenger  is  em- 

Cloyed,  made  of  wood,  with  a  small  sail  rigged  to  it.  The  line 
eing  passed  through  the  cylindrical  hole  of  this  messenger, 
the  wind  takes  it  rapidly  op  to  the  kite,  where,  striking  against 
a  part  of  the  apparatus,  it  releases  the  upper  cord,  and  bv 
that  means  the  head  of  the  kite  becomes  reversed,  and  it 
descends  with  rapidity.  In  the  experiments  made  by  Captain 
Danscy,  with  a  \iew  of  ptaining  a  communication  with  a  lee. 
shore,  under  the  supposition  of  no  assistance  being  there  at 
hand,  a  grapnel,  consisting  of  four  spear-shaped  Iron  spikes, 
was  fixed  to  the  head  of  the  kite,  so  as  to  moor  it  In  its  fall ; 
and  in  this  emergency,  the  attempt  of  some  person  to  get  on 
shore  along  the  line,  would  be  the  means  resorted  to.  In  those 
cases  where  a  communication  has  been  gained,  and  the  main- 
tenance of  a  correspondence  has  been  the  object,  the  person  to 
windward  has  attached  a  weight  to  the  messenger,  in  some 
eases  as  much  aa  three  pounds,  which,  having  been  carried  up, 
has  of  course  descended  with  the  kite ;  the  person  to  leeward 
has  then  furled  the  sail  of  the  messenger,  and  loaded  it  with 
as  much  weight  as  the  kite  eould  lilt,  then  replacing  the  appa- 
ratus, and  exposing  the  surface  of  the  kite  to  the  direct  action 
of  the  wind,  it  has  rapidly  risen,  the  messenger  running  down 
the  line  to  windward  during  its  ascent  The  kite  with  which 
the  Captain  performed  the  greater  part  of  his  eipcrinienta, 
extended  1100  yards  of  line  |  of  an  inch  in  circumference,  and 
would  have  extended  more,  had  it  been  at  hand.  It  alsn 
extended  .100  yards  of  line  If  inch  in  cireomference,  and 
welching  00  lbs.  The  holland  weighed  3|  lbs. ;  the  spars,  one  of 
which  was  armed  at  the  head  with  iron  spikes,  for  the  porposo 
of  mooring  it,  6}  lbs.,  and  the  tail  was  five  times  its  leiigtii, 
composed  of  8  lbs.  of  rope  and  14  lbs.  of  elm  plank*  Captain 
Dansey  has  deposited  a  complete  apparatus  with  the  Society 
of  Arts,  who  have  %ery  properly  presented  him  with  their  gold 
Vulran  medal,  for  his  valuable  invention  and  comma niration. 
K.N  AFSACK,  a  rough  leather  or  canvass liag,  which  is  strap* 
6Y 
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ped  to  an  inranirj  Midler's  back  nheo  he  marches,  and  wbicli 
coDtaiaalusiwceasatiei.  Sqaarekuapsacki  ire  supposed  to  be 
most  cguvenient,  Tbej  slioald  be  made  with  adjviiion  to  hold 
the  sboea.  blackiog-batls.  and  bruahes,  separate  from  the  liaen. 

KMEADJNG  MlLU  is  a  ooalrhaDce  by  which  large  quanti- 
IJAS  of  llour  are  mixed  and  incorporated  iato  dough,  in  place  of 
kavading  ilwjlii  l be  baker's  feet,  or  by  a  large  spatula.  Tbe 
kaoadiug  uill  does  (his  business  very  coniplelely,  nitb  a  icreat 
aaviog  of  liitic  and  labour.  It  is  used  at  tbe  publia  bakinf- 
liouses  of  Genoa. 

A,  in  hf.  4,  Ls  a  frame  of  wood  which  sapports  the  axis 
of  the  machine;  a  wall  14  palms  high  from  the  ground  may 
be  mads  use  of  instead  of  tliis  frame.  B,  a  wall  three  palnJS 
and  a  half  thick,  through  which  the  aforesaid  axis  passes.  C, 
VIOtber  wall, similar  to  the  former,  and  fiLcing  it,  at  the  distance 
of  31  palms.  D,  the  axis,  thirty  palias  in  lengtli,  and  one  palm 
and  one-third  ia  tliiekncss.  £,  tlie  great  wheel,  fixed  to  the 
said  aits,  between  the  frame  and  the  wall  i  its  diameter  is  28 
palms,  and  it*  breadth,  which  is  capable  efboldiog  two  men 
occaiiooally,  is  five  palms-  P,  are  steps,  by  treading  on  which 
tbe  men  turn  the  wheel  very  smartly;  they  are  two  paltos  dis- 
tant from  each  other,  and  one  third  of  a  palm  in  height.  G,  a 
small  wheel  with  cog*  fixed  almost  at  the  further  extremity  of 
tbe  axis  1  its  diameter  is  12^  palms.  H,  a  beam  of  wood  wlitob 
extends  fiom  one  wall  to  iho  otliei ;  being  21  palms  in  length, 
and  one  and  a  third  in  thickness.  A  simitar  beam,  not  seen  in 
tbe  figure,  is  on  the  opposite  side  of  tbe  axis.  I,  a  traniverse 
piece  gf  wood,  placed  near  tbe  wall  C ;  it  is  fixed  into  tbe  two 
bcaius,  and  serve*  to  support  tbe  further  extremity  of  the  axis  t 
its  Icngtii  is  L4  paJois,  and  its  thickness  one  and  a  third  ;  there 
it  likewise  a  trannverse  piece,  whicii  caoaot  be  seen  in  the 
figure,  14  palms  loDiL.andbalf  apalui  thick,  placed  close  to  the 
wall  1).  k,  is  a  Btxoa$  curved  pieoe  of  oiik,  fii.eU  liansrerscly  - 
iu  tbe  aide  beams  B,  to  rcceire  tbe  axis  of  the  Inindle;  iis 

Fig.  1. 
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kogtb  is  14  palms,  and  Us  thickness  1).  L  is  a  trundle  of  5} 
palms  in  diameter,  and  IJ  in  height,  which  is  moved  fay  the 
cojtged'wheel  G.  M  is  an  axis  pruceeding  from  the  trundle  L, 
and  continued  through  (he  cross  N  to  (he  bottom  of  the  lub  P ; 
the  centre  is  made  of  iron,  partly  square  and  partly  round,  and  it 
turns  in  a  socket  of  brass.  The  Rrsl  part  of  this  axis  between 
the  Iruudlc  L,  and  the  cross  N,  is  of  square  iron,  surrounded 
by  two  pieces  of  wood,  held  logcther  by  [ronhoops,  which  may 
be  removed  at  pleasure,  to  examine  the  iron  within  ;  its  length 
is  three  palms,  its  diameter  about  one  palm.  The  sccnnd  part  nf 
tbe  axis,  which  is  within  the  tube,  is  made  like  (he  first  part; 
its  height  is  l.i  pslm,  Its  diameter  IJ.  The  wooden  sheath  of 
this  part  of  the  axis  is  fixed  to  (he  bottom  of  the  tub,  by  means 
Oftbree  screws  wiih  their  nuts.  The  axis  is  distant  one-third 
of  a  palm  from  the  nearest  Irinngular  beater  of  (he  cro^s.  N, 
the  cross  formed  of  twu  bars  of  wood  nucqually  divided,  so  that 
the  four  arms  of  the  cross  are  ofdilTcrent  lengths:  one  if  (lie 
two  pieces  of  wood  of  which  the  cross  is  made,  is  six  palmx  In 
lengtli,  the  other  five :  their  thickness  is  i^  of  a  piilm,  and  their 


breadth  one  palm.  O,  four  pieces  of  wood,  called  hemttri,  of  t 
triangnlar  shape,  fixed  vertically  Into  the  extremities  of,  lad 
UDderneatb,  tbe  arms  of  the  fore-mentioned  cross:  tbej  are  II 
palms  in  length,  and  half  a  palm  in  thickness;  and  beat  ot 
knead  the  doogb  in  the  lub  et  an  equal  distance  from  the  eca- 
tre.  P  is  a  stout  wooden  tub  about  a  quarter  of  a  pnlm  thick, 
well  hooped  with  iron  ;ilsdiameter  is  six  palma,  its  height  Ilia 
the  clear. 

Fig.  2,  is  a  box  or  troojb 

nf  wood,  foar  palms  lonj;,  and 

Ihree    wide,    in    which    tli 

leaven  is  formed  (In  aboat 

'  an  hour}  In  a  stove,  and  in 

which   it  is   afterwards  etr. 

ried  to  the   lob  P.     Pig.  3, 

exhibits  a  view  of  the  trundle,  cross,  &e.  with  a  section  oftbe 

tub.     Fig.  4,  is  a  bird's  eye  view  of  the  cross  and  tub,  with  tbe 

upper  ends  of  the  triangular  beaters. 

This  tub,  P,  will  contain  18  rubbl  (abont  19  bosbels)  ortlonr, 
which  is  carried  to  it  in  barrels  ;  the  leaven  is  then  carried  to 
it  in  the  box  or  trough,  6g.  3,  and  when  the  wliole  is  leropered 
nitb  a  proper  quantity  of  warm  water,  the  men  work  in  the 
wheel  till  tbe  dough  is  properly  and  completely  kneaded,  la 
fceneral  a  quarter  of  an  hour  is  suSclent  to  make  very  good 
dough ;  but  an  experienced  baker,  who  superintends,  deter- 
mines that  the  opeiBiion  shall  be  continued  a  few  mioatts 
more  or  less,  according  to  circumstaaces.  The  measarei  la 
the  preceding  description  are  given  in  Genoese  palm*,  each  of 
which  is  very  nearly  equal  tu  S-B&of  ouriDchea.  Tbe  machJBt- 
ry  may  be  varied  in  its  eonsttuction  aceordinf  toeircamstaoees, 
and  the  energy  of  llie  lirst  mover  much  better  applied  than  by 
men  walking  in  a  common  wheel. 

i^ijT.  3.  Fig.  4. 


KNGCK,  (he  twisting  of  a  rope  or  cable  as  ttisTcerin; ont 
KNEE,  a  crooked  piece  of  limber  having  two  branches  or 
arni.s,  and  generally  used  to  connect  the  beams  of  a  sbip  with 
her  sides  or  timbers.  The  branches  of  (be  knee>  form  is 
angle  of  greater  or  smaller  extent,  aceordioE  to  tlu  mnUil 
situation  of  the  pieces  which  they  arc  designed  to  onltc.  One 
branch  is  securely  b<ilted  to  one  of  the  deck-beans,  and  thr 
o(her  in  the  same  manner  strongly  attached  to  n  correspondinf 
timber  in  the  ship's  side-  Uesides  the  great  otiliiy  of  knee*  is 
connecting  tbe  beams  and  timbers  into  one  compact  frame, 
they  contribute  greatly  to  the  strength  and  solidity  uf  the  ship, 
in  the  dilTerent  parts  of  her  frame  to  which  tbey  are  bolted, 
and  thereby  enable  her,  wiib  great  firmness,  to  resist  tbe  effects 
of  a  turbulent  sea.  In  fixing  of  these  pleees,  it  is  occasiooallf 
necessary  to  give  an  oblique  direction  to  the  verlica!  or  sid* 
branch,  in  order  to  avoid  the  range  of  an  adjacent  gun-port, « 
because  the  knee  may  be  so  shaped  as  to  require  this  ditpo- 
siiion.  it  being  somctioic*  difficult  to  prooorc  ao  great  a  Tiririj 
of  knees  as  may  be  necessary  in  the  construction  of  a  nnmber 
of  ships  of  war.  In  Prance,  the  scarcity  of  these  piooes  hi) 
frequently  obliged  (heir  shipwrights  to  form  tbeir  knees  of  irsn. 
Daggrr  Kki^Eb,  are  (hose  which  are  fixed  rather  obliqnelj,  (a 
avoid,  as  above  mentioned,  an  adjacent  gun-port,  or  where, 
from  the  vicinity  of  the  next  beam,  there  is  not  space  for  (k< 
arms  of  two  lod^'in^  knees.— ffa'njfinj  A'aeri,  are  thnse  wUeh. 
from  (heir  situntion  under  a  deck,  appear  to  sappurt  ibt 
beams. — Iron  Kntii,  arc  frequently  used  in  all  the  Tsriau 
applications  instead  of  wooden  ones,  particularly  in  the  Frcad 
ships,  on  ai-coont  of  the  scarcity  of  timber  fit  for  theparnosc— 
Lodging  Kntu,  are  fixed  boriaontally  in  tbe  ship's  Irame.kw- 
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iai{  one  arm  holted  to  the  1>cim,  nnd  the  other  nc.ro%s  two  or 
Ihrcr  of  the  timhcrs.— .V/ an c/rrn/  Kneei.  arc  those  nfiich,  brinjf 
upon  a  deck,  have  one  arm  bolted  down  to  it,  and  the  other 
pointing  upwards,  secured  to  the  ship's  side;  such,  also,  arc 
tlic  bits  and  channels. — Transom  Kncrt.     See  Trxnsom. 

Knec  of  the  Head,  a  larRC  Hat  piece  of  timber,  fl\cd  edpe- 
wa}8  upon  the  foremost  part  of  a  ship's  stem,  and  supportinp^ 
the  ornamental  fS^nre  or  ima<cc  placed  under  the  bowsprit. 
The  knee  »f  the  head,  which  may  propeily  be  delincd  a  conti- 
nuation of  the  stem,  as  hcins:  prolonged  from  the  stem  for- 
vards,  is  extremely  broad  at  the  upper  part,  and  acc(»rdinuly 
composed  of  several  pieces  united  iato  one.  It  is  letiuLu  tbr 
Iiead,  and  secured  to  the  ship's  bows  by  strong  knees  lj\ed 
horizontally  upon  both,  and  called  fhe  cheeks  of  tlic  head. 
The  h«e]  of  it  is  scarfed  to  the  upper  end  nf  the  fore-top.  and 
it  15  fastened  to  the  stem  above  by  a  standard  knee.  Hcsides 
aupfiortini;  the  fi^nre  of  the  head,  this  piece  is  otherwise  use- 
ful as  servinfc  to  secare  the  boom  or  bunikin,  by  which  the  fore- 
tack  is  ratcnded  to  windward,  and  by  its  f;rcat  breadth  pre- 
dentin;; the  ship  from  fallinx  to  leeward  when  close-hauled,  so 
oiuuh  as  she  would  otherwise  do.  It  also  alTords  a  {^renter 
security  to  the  bowsprit,  by  inercasinp  the  angle  of  the  hnb- 
■t«y,  so  as  to  make  it  net  more  perpendieularly  on  the  bf>w- 
•priL  The  knee  of  the  head,  is  a  phrase  peculiar  to  shipwrights  ; 
but.  by  seamen,  it  is  called  tlic  eut-uaier.     >ee  C*i'r-\vArf.K. 

KNIFE,  •  well-known  instrument,  made  for  euttinir,  nnd 
adapted  in  form  to  the  uses  for  uhirh  it  is  designed.  Knives 
arc  s:iid  to  have  been  first  made  in  Kn;:land  in  15(>3,  by  one 
Matthews,  oa  Fleet  Hrid^^e,  London.  The  importation  of  all 
sorts  of  knives  is  prohiliited. 

KNIGHT,  propel ly  sii^nifies  a  person,  who,  for  his  virtue 
and  martial  prowess,  is  by  the  kin^  raisv*d  above  the  rank  of 
pentlemeninto  a  higher  c\.\^s  ordi;;nity  and  honour.  The  ce- 
remonies at  the  creation  of  knights  have  been  various  :  the  prin- 
cipal was  a  box  on  the  ear,  and  a  stroke  itilh  the  sword  on  the 
shoulder:  they  pal  on  him  a  shoulder  belt,  aiid  a  gilt  sword, 
spurs,  ami  other  military  accoutrements;  after  which,  beiiifc 
armed  as  a  knight,  he  was  led  to  the  church  in  f^reat  pomp. 
Cam<lrn  describes  the  manner  of  making  a  kuiKht  bachelor 
among  ui,  which  is  the  lowest,  thou|(h  the  most  ancient  ordi  r 
of  knif^thood.  to  be  thus :  the  periton  kneelin^c «  as  ff<'ntly  struck 
on  the  shoulder  by  tho  prince,  and  accosted  in  these  words. 
**  Kise."  or  "  Be  a  knight  in  the  name  of  tvod."  For  tlie  several 
kinds  of  kaiKhts  among  us,  See  Banneret ,  Baronet ^  Bath, 
Garlrr,  &c. 

KNIGHTS  of  theSiiiRR.  or  Knights  of  Parliament,  in  the 
lUitiNh  polity, arc  two  k(iir;hts.  or  gentlcmco  of  estate,  who  are 
elected  on  the  kind's  wiit.  by  the  freeholders  of  every  countv, 
to  represent  them  in  parliament.  Tlio  qualification  of  a  kni{;ht 
of  the  sLire  is,  to  be  possessed  of  000/.  per  annum  in  a  freehold 
estate. 

KVIGHTTIKADS,  also  denote  in  a  merchant  .ship  two 
strong  frames  of  timber,  fixe<l  on  the  opposite  side  of  the  main- 
deck,  a  little  behind  the  fore  mast,  which  suppi>rt  and  enelose 
fhe  ends  of  the  windlass,  whirh  areordin;:!)  is  turned  therein 
as  upon  an  axis  :  as  each  of  these  is  formed  of  two  pieces,  they 
majr  be  occasionally  separated,  in  order  to  take  olT  the  turns  of 
the  cable  from  tbe  windlass,  or  replace  thmi  upon  it.  They 
are  frequently  called  the  bilts.  and  then  tin  ir  upper  part«  only 
are  den<»minated  kni;cht-heads.  w  bieh  bciii;;  ririnerly  enibellished 
^lth  a  fissure,  desipied  to  resemble  a  liunian  hi'ad.  };a\c  rise  to 
a  name  they  have  ever  siner  letaiiied.     .SVf  WiNt>i.  i<>s. 

KMGilT-Hi-.Atis,  was  formerly  a  nanit*  i;i\fn  to  the  lo^ier 
jear-bloeks.  which  were  then  no  ot-lwr  i!i  !ii  bids,  e(»ntainin;c 
several  shca\es,  and  nearly  resembling  our  preseiit  topsail 
shcrt-bitts. 

KNITTLR,  a  small  line  composed  of  (wi)  or  three  rope- 
jams,  either  plaited  or  t«i<ted.  and  u^i'd  fi»r  \aiiou<  purpoM's. 
particularly  to  faNten  tb'*  ser^ier  ou  tbe  cable,  to  slin^  the 
sailors*  hamnmrks.  to  rref  tbe  sails  b\  tlio  bottom,  ^e. 

Kmttlf,  is  also  a  name  gi«tu  to  the  loops  or  buttons  of  a 
bonnet. 

KVOrK-tlFF,  an  order  to  cease  any  work. 
'KNOT,  a  lar^e  knoli  formed  on  the  extremity  of  a  rope. 
ItVBerally   by  unttvistin^  the  ends  thereof,  nnd   inters ea\in{: 
ttcm  regularly  among  each  other :  of  these  there  are  several 


sorts, 'dilTcrin:;  in  form,  size,  and  name,  as  shroud  knot,  stitp- 
per  knot.  «>veihand  knot;  sini^le  wall  knot,  wale  knot,  or  wal- 
nut ;  double  wall  knot,  wale  knot,  or  walnut ;  diamnnd  knot, 
kop  knot,  reef  knot.  l*he  bow-line  knot  is  so  Hrnily  made  and 
fastened  to  the  crenirles  of  the  sails,  that  they  must  break,  or 
the  sails  split,  before  it  will  slip.  Tlie  sheep-shank  knot  serves 
to  shorten  a  rope  without  euttinp  it,  which  may  be  presently 
loosened.  The  wale  knot  is  so  made  with  the  la)s  of  a  rope, 
that  it  cannot  slip,  and  serves  for  shea  Is.  tacks,  and  stoppers. 
The  knots  are  f^enerally  used  to  act  as  a  button  in  pre^entini; 
the  enil  of  tiic  lopr  frcmi  slippin;;  tlirouf;h  an  e}e,  <ir  throufih 
the  turns  of  a  laniard,  by  which  tliey  are  sometimes  made  fast 
to  other  ropes. 

K\or,  also  signifies  the  n-anner  of  t,«in{:  two  ropes  together, 
or  the  end  n(  a  rope  to  a  bieht  in  the  same. 

Kn^t,  also  implies  a  division  of  the  lon^-line.  wht^h  an^werfl 
to  half  a  minnte,  as  a  mile  does  to  an  hour,  t.  e.  ^^  of  a  mile : 
hence  we  say,  the  ship  was  going  eight  knots,  which  signifies 
eisht  miles  per  hour. 

KNCK'T,  the  name  of  a  punishment  inflicted  in  l<nssi:>,  with 
a  kind  of  whip  called  knout,  nnd  made  of  a  loni;  Ktrap  of  lea- 
ther prepared  for  the  purpose.  With  this  whip  the  e\eeniion- 
ers  dexterously  enrrv  nil'  a  slip  of  skin  from  the  neck  to  fhf* 
bottom  of  tfie  bnek  laid  bare  to  the  wai^t,  nnd  repeating  their 
blons.  in  a  little  uhile  rend  away  all  the  skin  of  the  back  in 
parallel  stripes.  In  the  cimmion  knnut,  the  criminal  recei\e« 
the  lashes  suspended  on  the  hack  of  one  of  the  CYceotioners: 
hut  in  the  great  knout,  ubirh  is  f:enerall>  used  on  the  samn 
occasions  as  raekiiii;  on  the  Mhcel  in  Frnncc.  the  eriminal 
is  raised  into  the  air  by  memsof  a  pulley  fixed  to  the  gallows, 
and  a  cord  fasieneil  to  the  two  wrists  tied  together ;  a  piece  of 
wood  is  placed  between  his  two  lepcs,  aNo  lied  loi;ether,  and 
another  of  a  crucial  form  under  his  breast;  sometimes  bis 
hands  are  tied  behind  over  his  back,  and  when  he  is  pulled  up 
in  this  position,  his  shoulders  are  dislocated.  The  execution* 
ers  can  make  this  punishment  more  or  less  severe ;  and  it  is 
said,  arc  so  dexterous,  that  when  a  criminal  is  condemned  to 
die,  they  can  make  him  expire  at  pleasure,  either  by  vne  or 
tevtrai  la*di('S. 

KNOWLKDfSK,  is  defined  by  Mr.  Locke  to  be  the  p^reep. 
tioii  of  the  connexion  and  agreement  or  disagreement  and 
repn-,:naneT  of  our  ideas. 

lo  his  hl'ih  book  of  the  Grammar  of  Lozic  and  Intellectual 
PhJIoNophy.  the  IMitor  has  ^iv^'n  a  S\llahus  of  the  PhiloNoph\ 
of  Human  Knowledge,  and  the  following  Prospectus  is,  there- 
fore, but  a  \er>  limited  draui;ht  of  that  abstracL 

The  Words  ilfsTuiiv,  Piiii.oftopiiY.  and  PocraT,  taken  in 
their  most  extensive  meanings,  may  be  said  to  eoropribend 
every  branch  of  human  knowledge.  But  history  addresses 
itself  to  the. VMmov:  Philosophy,  tot  he  C/Rdrrsgtfn^iM^;  and  Poe- 
try to  the  ImntfiHittion.  The  Philosophy  of  llnmaa  Kiiowled;;c 
will  thererorc  be  d:\iiled  into  three  great  eompartments,  adapt- 
ed to  these  thi<  e  faculties  — the  Meniorv,  the  Understand  inc.  and 
the  Iniai^ination.  Aecordinif  to  this  arrangement.  Human 
Knowledge  nia\  be  cousidered  as  it  is  addressed  to  the  memo- 
ry, under  the  title  of  llioti>ry.  Hut  history  is  a  word  of  exten- 
sive import,  and  jiUKscsts  a  j^ubdivision  of  its  materials  into 
three  parts,  under  the  lespeeti^c  titles  »( Sarrrti,  (  m/,  and  .Vn- 
tural  History.  I'nder  the  first  title,  eccloiastiral  history,  the 
scieuci' of  language  arran;;cs  the  narrative  pails  of  revelation 
— thr  history  of  toe  .f('ws,~thepropaiEatiim  and  the  progress  Oi 
fhrisiianity,  &c.  I'nder  the  second  title— <'iri7,  or  Profane 
Ifnfnru,  Liirrnr\  History.  Memoirs,  Annals,  Hiography,  Anti- 
ii(iitle<,  (*broMoI(i;y,  and  Geograph\,  demands  attention.  The 
tbiid  titb*,  which  Lord  l^ieon  calls  SarrnnVr,  comprehends  tlie 
foliotiin;:  Hiibordiniite  ili^isions.  rir. —  1.  Productions  of  Na- 
ture, as  the  phenomena  of  the  llea%ens,  the  Atmosphere,  and 
the  Karth  ;  *J.  The  three  Kiii'^doms  of  Nature,  as  Minerals, 
VeKCtabteH.  and  \niaials;  :).  A  Delineation  of  the  Mechanical 
Arts  and  M:ihii!'ar(nrrs. 

The  PIiiloMtpli)  of  Unman  Knowledge,  addressed  to  the  un- 
derstandin;:.  \iius  all  the  sciences  and  the  theories  of  all  the 
arts.  or.  in  other  word^.  thr  Philosophy  uf  the  knowledge  of 
tninci  and  thi*  kn'i\i  ledge  athiuly. 

In  considering  knowled;;e  as  leferrin;;  to  mind  unconnected 
with  body,  or  to  mind  nnd  body  connected,  or  to  body  uucun- 
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nectcd  with  nriod,  we  are  led  to  the  contemplation  of  the  doc- 
trines and  principles  which  result  from  those  attrihotes  which 
revelation  assigns  to  Deity,  and  thence  to  a  delineation  of 
the  Philosophy  of  Nataral  Religion,  and  part  of  the  science  of 
Metaphysics. 

The  branches  of  knowledge  relative  to  man  and  haman  nature, 
which  belong  to  this  division,  respect  either  the  faculties  of  hit 
mind,  or  the  use  which  he  makes  of  those  faculties :  first,  in  ac- 
quiring and  communicating  knowledge ;  and  secondly,  in  ac- 
quiring happiness.  Thus  we  launch  into  a  philosophical  view 
of  those  sciences  which  embrace  the  general  history  of  the 
faculties  of  the  mind,  and  the  exertions  of  those  faculties  in  all 
that  is  valuable,  in  Logic,  in  Rhetoric,  and  in  Morality.  The 
terms  logic  and  rhetoric  are  generally  applied  to  intimate  the 
philosophy  of  those  arts  in  the  cultivation  of  Taste,  Criticism, 
the  Belles  Lettres,  or  polite  Literature ;  and  as  their  study  qua- 
lifies us  to  determine  the  merits  of  compositions  or  works  of  art. 
Morality,  or  the  science  of  happiness,  divides  itself  into  two  dis- 
tioct  branches  ;  one  relative  to  individuals,  and  the  other  rela- 
tive to  communities.  The  former  comprehends  many  impor- 
tant topics  of  investigation,  founded  on  the  principles  of  virtue, 
the  laws  of  human  conduct,  obligations  to  integrity,  and  duties 
to  our  Creator,  our  neighbour,  and  ourselves.  The  second, 
the  morality  that  regards  communities,  constitutes  the  science 
of  politics,  which  resolves  itself  into  three  branches ;  the  first 
containing  the  laws  of  peace  and  war,  or  the  rules  which  guide 
the  intercourse  of  communities,  founded  on  the  practice  of  civi- 
lized nations,  and  the  dictates  of  equity  ;  the  second  deline- 
ating the  different  civil  governments  which  have  been  contrived 
or  adopted,  to  secure  the  safety  of  states,  with  the  prosperity 
and  comfort  of  individuals;  and  the  third  exhibiting  economi- 
cal arrangements,  or  the  laws  which  punish  crimes,  and  encou- 
rage industry,  and  which  protect  and  cherish  commerce  and 
the  arts. 

'Human  Knowledge,  relative  to  body,  animated  or  Inani- 
inate,  is  divided  Into  three  branches ; — the  first  contains  the 
metaphysics  of  body,  or  the  philosophy  of  itsgeoeral  properties, 
extensien,  solidity,  impenetrabflity,  motion,  &c.  The  second, 
regarding  the  surfaces  of  bodies,  investigates  the  importance 
of  the  truths,  and  the  value  of  the  evidence,  furnished  by  Arith- 
metic, Geometry,  and  Natural  Philosophy.  The  third,  viewing 
the  internal  parts  of  bodies,  explains  those  branches  of  phi- 
losophy which  regard,  first,  the  general  laws  or  properties  of 
bodies ;  secondly,  the  internal  structure  of  animals,  with  their 
diseases  and  cures ;  and  thirdly,  the  ingredients  or  component 
parts  of  bodies.  The  first  constitutes  the  science  of  Natural 
History ;  the  second,  Medicine ;  and  the  third,  Chemistry. 

The  Philosophy  of  Human  Knowledge,  addressed  to  the 
Imagination,  may  be  briefly  quoted  In  the  snccessive  terms,  Poe- 
try, Sculpture,  Architecture,  Painting,  Gardening,  and  Music. 

The  term  Poetry  is  not,  however,  restricted  to  metrical  com- 
fMMltions,  but  includes  all  ornamental  and  figurative  composi- 
tions, addressed  to  the  imagination  and  the  heart.  Under  the 
title  Sculpture,  are  comprehended  the  productions  of  antiquity 
which  have  served  as  models  and  standards  of  excellence  to  the 
moderns,  and  called  forth  their  exertions  to  rival  the  age  of  Peric- 
les, that  ssra  of  luxury  and  splendour,  which  gave  it  the  title  of  the 
Golden  Age  of  the  arts  in  Greece.  Statuary  appears  in  three 
splendid  asras ;  first,  when  it  displayed  itself  with  such  surpris- 
ing lustre  in  the  productions  of  the  antique  statues ;  secondly, 
when  it  was  revived  under  LeoX. ;  and  lastly,  in  our  own  times, 
wherein  we  behold  geniuses  animated  by  a  similar  spirit  of  taste, 
and  a  similar  solidity  of  judgpnent,  as  formed  the  Grecian  pain- 
ters Apellcft  and  ZeuxiH,  and  the  sculptors  Phidias  and  Praxi- 
teles. On  principles  somewhat  anaUgons,  Knowledge  extends 
to  Architecture  and  Painting,  but  of  Gardening  and  Music 
antiquity  futnishes  no  standards  or  models  of  taste  to  the 
moderns,  with  which  their  acquirements  may  be  compared. 

Confining  our  views  to  the  reality  of  knowledge,  it  is  evident 
that  the  mind  knows  not  things  immediately,  but  by  the  inter- 
vention of  the  ideas  it  has  of  them.  Our  knowledge  therefore, 
is  only  real,  so  far  as  there  is  a  conformity  between  the  reality 
of  things  and  our  ideas  of  that  reality.  Now  there  are  two 
classes  of  ideas  in  which  this  agreement  may  be  traced,  and 
these  are,  our  simple  ideas,  and  those  which  are  generally 
denominated  complex. 


As  the  human  mind  can  by  no  means  make  to  ifvelf  simplt 
ideas,  it  is  obvious  that  they  must  be  the  effect  of  things  ope- 
rating upon  it  in  a  natural  way,  and  producing  therein  thoss 
perceptions,  which  by  the  will  and  appointn>ent  of  God,  thej 
are  adapted  to  produce.  Hence,  it  foUows,  that  simple  ideas 
are  not  the  fictions  of  fuicy,  but  the  natural  and  re^lar  pio. 
duction  of  things  without  us,  really  operatiDg  opoo  as,  aad 
carrying  with  them  all  the  conformity  our  state  requires,  wbicii 
is  to  represent  things  under  those  appearances  they  are  f  ttcd 
to  produce  In  us.  Thus  the  idea  of  whitenesa,  as  it  is  in  the 
mind,  exactly  answers  that  power  which  is  in  any  body  to  pro-  ' 
duce  it  there.  Similar  remarks  may  be  made  respecting  all 
our  simple  ideas ;  and  this  conformity  between  them  and  the 
existence  of  things,  is  sufficient  for  the  purposes  of  real  know- 
ledge. 

All  our  complex  ideas,  excepting  those  of  substances,  wbick 
are  involved  in  much  obscurity,  being  archetypes  of  the  mtad't 
own  making,  and  not  referred  to  the  existence  of  things,  as  te 
their  originals,  cannot  want  any  conformity  necessar}-  to  real 
knowledge ;  for  that  which  is  not  designed  to  represent  any 
thing  but  itself,  can  never  be  capable  of  any  wrong  represen- 
tation. 

Hence  it  appears,  that  our  simple  ideas  produced  by  things 
without  us,  operating  upon  the  senses,  furnish  the  steHiog 
materials  of  all  our  knowledge.  The  mental  storehouse  beiDfr 
thus  enriched,  the  mind  can  combine,  arrange,  and  associate 
them  at  pleasure,  and  thus  trace  agreements  or  disagreements 
in  the  combinations  which  it  forms.  By  these  means  error  can 
be  detected,  new  truths  elicited,  and  in  this  rich  and  fertile 
region,  fancy  can  exercise  her  creative  energy,  and  g^ve  birth 
to  works  of  taste  and  genius. 

Whatever  ideas  we  have,  the  agreement  we  find  they  hare 
with  others  will  be  knowledge.  If  those  ideas  be  abstract  it 
will  be  general  knowledge ;  hot  to  make  it  real  concerning  sub- 
stances, the  ideas  must  be  taken  from  the  real  existence  of 
things.  "Wherever,  therefore,  we  perceive  the  agreement  or 
disagreement  of  our  ideas,  there  is  certain  knowledge ;  and 
wherever  we  are  sure  those  ideas  agree  with  the  reality  of 
things,  there  is  certain,  real  knowledge. 

KORAN,  or  Alroran,  the  name  of  the  book  held  equally 
sacred  among  the  Mahometans,  as  the  Bible  is  among  Chris- 
tians. The  general  aim  of  the  Koran  was,  to  unite  the  profes- 
sors of  the  three  different  religions  then  followed  in  Arabia, 
Idolaters,  Jews,  and  Christians,  in  the  knowledge  and  worship 
of  one  God,  under  the  sanction  of  certain  laws,  and  the  out- 
ward signs  of  ceremonies,  partly  of  ancient,  and  partly  of 
novel  institution,  enforced  by  the  consideration  of  rewards  and 
punishments,  both  temporal  and  eternal ;  and  to  bring  all  to  the 
obedience  of  Mahomet,  as  the  prophet  and  ambassador  of  God. 
The  chief  point  therefore  inculcated  in  the  Koran  is  the  onitj 
of  God,  to  restore  which  the  prophet  confessed  was  the  chief 
end  of  his  mission.  The  rest  is  taken  up  in  prescribing  neces- 
sary laws  and  directions,  frequent  admonitions  to  moral  and  di- 
vine virtues,  the  worship  and  reverence  of  the  Supreme  Beiag. 
and  resignation  to  his  will. 

The  style  of  the  Koran  is  generally  beautiful  and  fluent,  coa- 
cise,  but  often  obscure,  adorned  with  bold  figures ;  eoUgbteoed 
with  florid  and  sententious  expressions ;  and  in  many  places, 
especially  where  the  majesty  and  attributes  of  God  are  detcri- 
bed,  sublime  and  magnificent.  Among  Mahometans  this  book 
is. held  in  the  greatest  reverence  and  esteem.  They  suppose  it 
to  be  of  divine  original,  eternal,  and  uncreated ;  and  that  it 
was  revealed  to  Mahomet  by  the  angel  Gabriel ;  dare  not  toocli 
it  without  being  first  washed,  or  legally  purified  ;  and  read  it 
with  great  care  and  respect.  They  swear  by  it,  Uke  omeas 
from  it  on  all  weighty  occasions,  carry  it  with  them  to  war, 
write  sentences  of  it  on  their  banners,  adorn  it  with  gold  and 
precious  stones,  and  do  not  suffer  it  to  be  in  the  possession  of 
any  who  hold  a  different  religion.  It  has  been  translated  into 
English. 

kOS,  in  Jewish  Antiquity,  a  measure  of  capacity,  containiai: 
about  four  cubic  inches  ;  this  was  the  cup  of  blessing,  oat  of 
which  they  drank  when  they  gave  thanks  after  solemn  meali, 
like  that  of  the  passover. 

KUPFERNtCKEL,  is  a  sulphuret  of  nickel,  and  U  general- 
ly compounded  of  olckeI»  arsenic,  and  snlpbarei  of  Iroci. 
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